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lfd: Learning from Demonstrations for Robotic Manipulation

lfd is a software framework for generalizing robot trajectories from demonstrations into new situations, thus enabling robots to learn to perform tasks from demonstrations.

This software follows the line of work of these papers: [ISRR2013], [IROS2013], [IROS2014].

Source code is available on github [https://github.com/rll/lfd].
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Installation

This code has been tested on Ubuntu 12.04.


Dependencies


	bulletsim [https://github.com/hojonathanho/bulletsim]

	trajopt [http://rll.berkeley.edu/trajopt]
	OpenRAVE [http://openrave.org/docs/latest_stable/install] >= 0.9

	PCL [http://www.pointclouds.org] 1.7





	Python 2.7

	NumPy >= 1.8.1

	SciPy >= 0.9

	HDF5

	h5py [http://www.h5py.org]

	joblib [http://packages.python.org/joblib]






Instructions


	Install bulletsim [https://github.com/hojonathanho/bulletsim] from source. Use the lite branch and follow its README instructions.



	Install trajopt [http://rll.berkeley.edu/trajopt] from source. Follow the installation instructions but with the following modifications:


	Use this fork [https://github.com/erictzeng/trajopt] and the trajopt-jointopt branch instead.



	Install OpenRAVE [http://openrave.org/docs/latest_stable/install] 0.9 or later from the OpenRAVE testing [https://launchpad.net/~openrave/+archive/testing] PPA.

sudo add-apt-repository ppa:openrave/testing
sudo apt-get update
sudo apt-get install openrave







	Install PCL [http://www.pointclouds.org] 1.7.

sudo apt-get install libpcl-1.7-all







	Run the cmake command with the option BUILD_CLOUDPROC=ON, that is:

cmake /path/to/trajopt -DBUILD_CLOUDPROC=ON











	Install NumPy, SciPy and HDF5.

sudo apt-get install python-numpy python-scipy libhdf5-serial-dev







	Install h5py and joblib with pip.

sudo pip install h5py joblib









Add the following path to your PYTHONPATH:

/path/to/lfd





Now you should be able to run the scripts in the examples directory.




Running the Test Suite

You can run the test suite using this command:

python -m unittest discover -s /path/to/lfd/test/
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Additional Installation to Use the GPU


Dependencies


	gfortran

	cmake

	boost-python

	CUDA [https://developer.nvidia.com/cuda-downloads] >= 6.0

	PyCUDA >= 2013.1.1

	CUDA SciKit [http://scikit-cuda.readthedocs.org] >= 0.5.0

	Mako

	CULA [http://www.culatools.com/downloads/dense] >= R12 (optional)






Instructions


	CUDA:


	Get the CUDA installers from the CUDA download site [https://developer.nvidia.com/cuda-downloads] and install it.

sudo dpkg -i cuda-repo-ubuntu1204_6.5-14_amd64.deb
sudo apt-get update







	Then you can install the CUDA Toolkit using apt-get.

sudo apt-get install cuda







	You should reboot the system afterwards and verify the driver installation with the nvidia-settings utility.



	Set the environment variable CUDA_HOME to point to the CUDA home directory. Also, add the CUDA binary and library directory to your PATH and LD_LIBRARY_PATH.

export CUDA_HOME=/usr/local/cuda
export PATH=${CUDA_HOME}/bin:${PATH}
export LD_LIBRARY_PATH=${CUDA_HOME}/lib64:$LD_LIBRARY_PATH











	Install PyCUDA with pip. Make sure that PATH is defined as root.

sudo PATH=$PATH pip install pycuda







	Install CUDA SciKit with pip.

sudo pip install pycuda scikits.cuda>=0.5.0a1 Mako







	CULA (optional):


	Linear systems can optionally be solved on the GPU using the CULA Dense toolkit.



	Download and install the full edition of CULA [http://www.culatools.com/downloads/dense/]. The full edition is required since the free edition only has single precision functions. The full edition is free for academic use, but requires registration.



	As recommended by the installation, set the environment variables CULA_ROOT and CULA_INC_PATH to point to the CULA root and include directories. Also, add the CULA library directory to your LD_LIBRARY_PATH.

export CULA_ROOT=/usr/local/cula
export CULA_INC_PATH=$CULA_ROOT/include
export LD_LIBRARY_PATH=${CULA_ROOT}/lib64:$LD_LIBRARY_PATH











	Build the lfd sources with cmake as you would normally do.

mkdir build_lfd
cd build_lfd
cmake /path/to/lfd
make -j









To use the compiled libraries from python, add the following path to your PYTHONPATH:

/path/to/build_lfd/lib





For more information, check out the README from the tpsopt [https://github.com/rll/lfd/tree/master/lfd/tpsopt] module.
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Documenting


Dependencies


	Sphinx [http://sphinx.pocoo.org] >= 1.3b.

	sphinx_rtd_theme [https://github.com/snide/sphinx_rtd_theme]

	mock [https://pypi.python.org/pypi/mock]






Instructions

Install Sphinx, sphinx_rtd_theme and mock with pip.

sudo pip install sphinx>=1.3b1 sphinx_rtd_theme mock





The documentation is generated from ReStructured Text using Sphinx.

The documentation sources are in the doc/ directory. To locally build the documentation, go to the doc/ directory and run:

make html





The built documentation will be in the _build/html/ directory.

The online documentation can be found at rll.berkeley.edu/lfd [http://rll.berkeley.edu/lfd]. Whenever new commits are pushed to the master branch, the docs are rebuilt from this branch (assuming the build doesn’t fail).

Use Google [http://google-styleguide.googlecode.com/svn/trunk/pyguide.html#Comments] style docstrings for documenting code. These Sections [http://sphinxcontrib-napoleon.readthedocs.org/en/latest/#sections] can be used inside the docstrings. For docstring examples, see Example Google Style Python Docstrings [http://sphinxcontrib-napoleon.readthedocs.org/en/latest/example_google.html#example-google-style-python-docstrings] or the module lfd.registration.
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Miscellaneous


Settings files

The lfd package and its subpackages have a settings.py file with setting variables.
You can easily override these variables by creating a package lfd_settings with the same structure as lfd.
The variable that should be overriden can be defined in the corresponding settings.py file of the lfd_settings package.

This is best illustrated with an example.
Suppose you want to override the EM_ITER variable from the lfd.registration.settings module to be 5 instead.
First, you can generate the lfd_settings package with the provided script:

cd /path/to/lfd
python scripts/make_lfd_settings_package.py ../lfd_settings/lfd_settings





Remember to add the lfd_settings package to your PYTHONPATH:

export PYTHONPATH=/path/to/lfd_settings:$PYTHONPATH





Then, in the file /path/to/lfd_settings/lfd_settings/registration/settings.py, add python code that overrides the EM_ITER variable:

EM_ITER = 5








Downloading test data

First navigate to the bigdata directory, and then run the download.py script.




Cache files

By default, some functions cache results in the default cache directory /path/to/lfd/.cache/. If you are running out of space, consider deleting this directory.
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  	USE_COLLISION_COST (in module lfd.transfer.settings)
  


  





V


  	
      
  	viewer (lfd.environment.simulation.StaticSimulation attribute)
  


  





W


  	
      
  	w_eg (lfd.registration.tps_experimental.ThinPlateSplineNormal attribute)
  


      
  	w_nd_ptrs (lfd.tpsopt.batchtps.GPUContext attribute)
  


  

  	
      
  	w_ng (lfd.registration.tps.ThinPlateSpline attribute)
  


      	
        
  	(lfd.registration.tps_experimental.ThinPlateSpline attribute), [1]
  


        
  	(lfd.registration.tps_experimental.ThinPlateSplineNormal attribute)
  


      


      
  	WINDOW_PROP (in module lfd.environment.settings)
  


  





X


  	
      
  	x_na (lfd.registration.tps.ThinPlateSpline attribute)
  


      	
        
  	(lfd.registration.tps_experimental.ThinPlateSpline attribute)
  


        
  	(lfd.registration.tps_experimental.ThinPlateSplineNormal attribute)
  


      


      
  	XmlSimulationObject (class in lfd.environment.simulation_object)
  


  

  	
      
  	XYZ_to_xy() (in module lfd.tpsopt.clouds)
  


      
  	xyZ_to_XY() (in module lfd.tpsopt.clouds)
  


  





Z


  	
      
  	z_eg (lfd.registration.tps_experimental.ThinPlateSplineNormal attribute)
  


  

  	
      
  	z_ng (lfd.registration.tps_experimental.ThinPlateSpline attribute)
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  Source code for mock

# mock.py
# Test tools for mocking and patching.
# Copyright (C) 2007-2012 Michael Foord & the mock team
# E-mail: fuzzyman AT voidspace DOT org DOT uk

# mock 1.0
# http://www.voidspace.org.uk/python/mock/

# Released subject to the BSD License
# Please see http://www.voidspace.org.uk/python/license.shtml

# Scripts maintained at http://www.voidspace.org.uk/python/index.shtml
# Comments, suggestions and bug reports welcome.


__all__ = (
    'Mock',
    'MagicMock',
    'patch',
    'sentinel',
    'DEFAULT',
    'ANY',
    'call',
    'create_autospec',
    'FILTER_DIR',
    'NonCallableMock',
    'NonCallableMagicMock',
    'mock_open',
    'PropertyMock',
)


__version__ = '1.0.1'


import pprint
import sys

try:
    import inspect
except ImportError:
    # for alternative platforms that
    # may not have inspect
    inspect = None

try:
    from functools import wraps as original_wraps
except ImportError:
    # Python 2.4 compatibility
    def wraps(original):
        def inner(f):
            f.__name__ = original.__name__
            f.__doc__ = original.__doc__
            f.__module__ = original.__module__
            f.__wrapped__ = original
            return f
        return inner
else:
    if sys.version_info[:2] >= (3, 3):
        wraps = original_wraps
    else:
        def wraps(func):
            def inner(f):
                f = original_wraps(func)(f)
                f.__wrapped__ = func
                return f
            return inner

try:
    unicode
except NameError:
    # Python 3
    basestring = unicode = str

try:
    long
except NameError:
    # Python 3
    long = int

try:
    BaseException
except NameError:
    # Python 2.4 compatibility
    BaseException = Exception

try:
    next
except NameError:
    def next(obj):
        return obj.next()


BaseExceptions = (BaseException,)
if 'java' in sys.platform:
    # jython
    import java
    BaseExceptions = (BaseException, java.lang.Throwable)

try:
    _isidentifier = str.isidentifier
except AttributeError:
    # Python 2.X
    import keyword
    import re
    regex = re.compile(r'^[a-z_][a-z0-9_]*$', re.I)
    def _isidentifier(string):
        if string in keyword.kwlist:
            return False
        return regex.match(string)


inPy3k = sys.version_info[0] == 3

# Needed to work around Python 3 bug where use of "super" interferes with
# defining __class__ as a descriptor
_super = super

self = 'im_self'
builtin = '__builtin__'
if inPy3k:
    self = '__self__'
    builtin = 'builtins'

FILTER_DIR = True


def _is_instance_mock(obj):
    # can't use isinstance on Mock objects because they override __class__
    # The base class for all mocks is NonCallableMock
    return issubclass(type(obj), NonCallableMock)


def _is_exception(obj):
    return (
        isinstance(obj, BaseExceptions) or
        isinstance(obj, ClassTypes) and issubclass(obj, BaseExceptions)
    )


class _slotted(object):
    __slots__ = ['a']


DescriptorTypes = (
    type(_slotted.a),
    property,
)


def _getsignature(func, skipfirst, instance=False):
    if inspect is None:
        raise ImportError('inspect module not available')

    if isinstance(func, ClassTypes) and not instance:
        try:
            func = func.__init__
        except AttributeError:
            return
        skipfirst = True
    elif not isinstance(func, FunctionTypes):
        # for classes where instance is True we end up here too
        try:
            func = func.__call__
        except AttributeError:
            return

    if inPy3k:
        try:
            argspec = inspect.getfullargspec(func)
        except TypeError:
            # C function / method, possibly inherited object().__init__
            return
        regargs, varargs, varkw, defaults, kwonly, kwonlydef, ann = argspec
    else:
        try:
            regargs, varargs, varkwargs, defaults = inspect.getargspec(func)
        except TypeError:
            # C function / method, possibly inherited object().__init__
            return

    # instance methods and classmethods need to lose the self argument
    if getattr(func, self, None) is not None:
        regargs = regargs[1:]
    if skipfirst:
        # this condition and the above one are never both True - why?
        regargs = regargs[1:]

    if inPy3k:
        signature = inspect.formatargspec(
            regargs, varargs, varkw, defaults,
            kwonly, kwonlydef, ann, formatvalue=lambda value: "")
    else:
        signature = inspect.formatargspec(
            regargs, varargs, varkwargs, defaults,
            formatvalue=lambda value: "")
    return signature[1:-1], func


def _check_signature(func, mock, skipfirst, instance=False):
    if not _callable(func):
        return

    result = _getsignature(func, skipfirst, instance)
    if result is None:
        return
    signature, func = result

    # can't use self because "self" is common as an argument name
    # unfortunately even not in the first place
    src = "lambda _mock_self, %s: None" % signature
    checksig = eval(src, {})
    _copy_func_details(func, checksig)
    type(mock)._mock_check_sig = checksig


def _copy_func_details(func, funcopy):
    funcopy.__name__ = func.__name__
    funcopy.__doc__ = func.__doc__
    #funcopy.__dict__.update(func.__dict__)
    funcopy.__module__ = func.__module__
    if not inPy3k:
        funcopy.func_defaults = func.func_defaults
        return
    funcopy.__defaults__ = func.__defaults__
    funcopy.__kwdefaults__ = func.__kwdefaults__


def _callable(obj):
    if isinstance(obj, ClassTypes):
        return True
    if getattr(obj, '__call__', None) is not None:
        return True
    return False


def _is_list(obj):
    # checks for list or tuples
    # XXXX badly named!
    return type(obj) in (list, tuple)


def _instance_callable(obj):
    """Given an object, return True if the object is callable.
    For classes, return True if instances would be callable."""
    if not isinstance(obj, ClassTypes):
        # already an instance
        return getattr(obj, '__call__', None) is not None

    klass = obj
    # uses __bases__ instead of __mro__ so that we work with old style classes
    if klass.__dict__.get('__call__') is not None:
        return True

    for base in klass.__bases__:
        if _instance_callable(base):
            return True
    return False


def _set_signature(mock, original, instance=False):
    # creates a function with signature (*args, **kwargs) that delegates to a
    # mock. It still does signature checking by calling a lambda with the same
    # signature as the original.
    if not _callable(original):
        return

    skipfirst = isinstance(original, ClassTypes)
    result = _getsignature(original, skipfirst, instance)
    if result is None:
        # was a C function (e.g. object().__init__ ) that can't be mocked
        return

    signature, func = result

    src = "lambda %s: None" % signature
    checksig = eval(src, {})
    _copy_func_details(func, checksig)

    name = original.__name__
    if not _isidentifier(name):
        name = 'funcopy'
    context = {'_checksig_': checksig, 'mock': mock}
    src = """def %s(*args, **kwargs):
    _checksig_(*args, **kwargs)
    return mock(*args, **kwargs)""" % name
    exec (src, context)
    funcopy = context[name]
    _setup_func(funcopy, mock)
    return funcopy


def _setup_func(funcopy, mock):
    funcopy.mock = mock

    # can't use isinstance with mocks
    if not _is_instance_mock(mock):
        return

    def assert_called_with(*args, **kwargs):
        return mock.assert_called_with(*args, **kwargs)
    def assert_called_once_with(*args, **kwargs):
        return mock.assert_called_once_with(*args, **kwargs)
    def assert_has_calls(*args, **kwargs):
        return mock.assert_has_calls(*args, **kwargs)
    def assert_any_call(*args, **kwargs):
        return mock.assert_any_call(*args, **kwargs)
    def reset_mock():
        funcopy.method_calls = _CallList()
        funcopy.mock_calls = _CallList()
        mock.reset_mock()
        ret = funcopy.return_value
        if _is_instance_mock(ret) and not ret is mock:
            ret.reset_mock()

    funcopy.called = False
    funcopy.call_count = 0
    funcopy.call_args = None
    funcopy.call_args_list = _CallList()
    funcopy.method_calls = _CallList()
    funcopy.mock_calls = _CallList()

    funcopy.return_value = mock.return_value
    funcopy.side_effect = mock.side_effect
    funcopy._mock_children = mock._mock_children

    funcopy.assert_called_with = assert_called_with
    funcopy.assert_called_once_with = assert_called_once_with
    funcopy.assert_has_calls = assert_has_calls
    funcopy.assert_any_call = assert_any_call
    funcopy.reset_mock = reset_mock

    mock._mock_delegate = funcopy


def _is_magic(name):
    return '__%s__' % name[2:-2] == name


class _SentinelObject(object):
    "A unique, named, sentinel object."
    def __init__(self, name):
        self.name = name

    def __repr__(self):
        return 'sentinel.%s' % self.name


class _Sentinel(object):
    """Access attributes to return a named object, usable as a sentinel."""
    def __init__(self):
        self._sentinels = {}

    def __getattr__(self, name):
        if name == '__bases__':
            # Without this help(mock) raises an exception
            raise AttributeError
        return self._sentinels.setdefault(name, _SentinelObject(name))


sentinel = _Sentinel()

DEFAULT = sentinel.DEFAULT
_missing = sentinel.MISSING
_deleted = sentinel.DELETED


class OldStyleClass:
    pass
ClassType = type(OldStyleClass)


def _copy(value):
    if type(value) in (dict, list, tuple, set):
        return type(value)(value)
    return value


ClassTypes = (type,)
if not inPy3k:
    ClassTypes = (type, ClassType)

_allowed_names = set(
    [
        'return_value', '_mock_return_value', 'side_effect',
        '_mock_side_effect', '_mock_parent', '_mock_new_parent',
        '_mock_name', '_mock_new_name'
    ]
)


def _delegating_property(name):
    _allowed_names.add(name)
    _the_name = '_mock_' + name
    def _get(self, name=name, _the_name=_the_name):
        sig = self._mock_delegate
        if sig is None:
            return getattr(self, _the_name)
        return getattr(sig, name)
    def _set(self, value, name=name, _the_name=_the_name):
        sig = self._mock_delegate
        if sig is None:
            self.__dict__[_the_name] = value
        else:
            setattr(sig, name, value)

    return property(_get, _set)



class _CallList(list):

    def __contains__(self, value):
        if not isinstance(value, list):
            return list.__contains__(self, value)
        len_value = len(value)
        len_self = len(self)
        if len_value > len_self:
            return False

        for i in range(0, len_self - len_value + 1):
            sub_list = self[i:i+len_value]
            if sub_list == value:
                return True
        return False

    def __repr__(self):
        return pprint.pformat(list(self))


def _check_and_set_parent(parent, value, name, new_name):
    if not _is_instance_mock(value):
        return False
    if ((value._mock_name or value._mock_new_name) or
        (value._mock_parent is not None) or
        (value._mock_new_parent is not None)):
        return False

    _parent = parent
    while _parent is not None:
        # setting a mock (value) as a child or return value of itself
        # should not modify the mock
        if _parent is value:
            return False
        _parent = _parent._mock_new_parent

    if new_name:
        value._mock_new_parent = parent
        value._mock_new_name = new_name
    if name:
        value._mock_parent = parent
        value._mock_name = name
    return True



class Base(object):
    _mock_return_value = DEFAULT
    _mock_side_effect = None
    def __init__(self, *args, **kwargs):
        pass



class NonCallableMock(Base):
    """A non-callable version of `Mock`"""

    def __new__(cls, *args, **kw):
        # every instance has its own class
        # so we can create magic methods on the
        # class without stomping on other mocks
        new = type(cls.__name__, (cls,), {'__doc__': cls.__doc__})
        instance = object.__new__(new)
        return instance


    def __init__(
            self, spec=None, wraps=None, name=None, spec_set=None,
            parent=None, _spec_state=None, _new_name='', _new_parent=None,
            **kwargs
        ):
        if _new_parent is None:
            _new_parent = parent

        __dict__ = self.__dict__
        __dict__['_mock_parent'] = parent
        __dict__['_mock_name'] = name
        __dict__['_mock_new_name'] = _new_name
        __dict__['_mock_new_parent'] = _new_parent

        if spec_set is not None:
            spec = spec_set
            spec_set = True

        self._mock_add_spec(spec, spec_set)

        __dict__['_mock_children'] = {}
        __dict__['_mock_wraps'] = wraps
        __dict__['_mock_delegate'] = None

        __dict__['_mock_called'] = False
        __dict__['_mock_call_args'] = None
        __dict__['_mock_call_count'] = 0
        __dict__['_mock_call_args_list'] = _CallList()
        __dict__['_mock_mock_calls'] = _CallList()

        __dict__['method_calls'] = _CallList()

        if kwargs:
            self.configure_mock(**kwargs)

        _super(NonCallableMock, self).__init__(
            spec, wraps, name, spec_set, parent,
            _spec_state
        )


    def attach_mock(self, mock, attribute):
        """
        Attach a mock as an attribute of this one, replacing its name and
        parent. Calls to the attached mock will be recorded in the
        `method_calls` and `mock_calls` attributes of this one."""
        mock._mock_parent = None
        mock._mock_new_parent = None
        mock._mock_name = ''
        mock._mock_new_name = None

        setattr(self, attribute, mock)


    def mock_add_spec(self, spec, spec_set=False):
        """Add a spec to a mock. `spec` can either be an object or a
        list of strings. Only attributes on the `spec` can be fetched as
        attributes from the mock.

        If `spec_set` is True then only attributes on the spec can be set."""
        self._mock_add_spec(spec, spec_set)


    def _mock_add_spec(self, spec, spec_set):
        _spec_class = None

        if spec is not None and not _is_list(spec):
            if isinstance(spec, ClassTypes):
                _spec_class = spec
            else:
                _spec_class = _get_class(spec)

            spec = dir(spec)

        __dict__ = self.__dict__
        __dict__['_spec_class'] = _spec_class
        __dict__['_spec_set'] = spec_set
        __dict__['_mock_methods'] = spec


    def __get_return_value(self):
        ret = self._mock_return_value
        if self._mock_delegate is not None:
            ret = self._mock_delegate.return_value

        if ret is DEFAULT:
            ret = self._get_child_mock(
                _new_parent=self, _new_name='()'
            )
            self.return_value = ret
        return ret


    def __set_return_value(self, value):
        if self._mock_delegate is not None:
            self._mock_delegate.return_value = value
        else:
            self._mock_return_value = value
            _check_and_set_parent(self, value, None, '()')

    __return_value_doc = "The value to be returned when the mock is called."
    return_value = property(__get_return_value, __set_return_value,
                            __return_value_doc)


    @property
    def __class__(self):
        if self._spec_class is None:
            return type(self)
        return self._spec_class

    called = _delegating_property('called')
    call_count = _delegating_property('call_count')
    call_args = _delegating_property('call_args')
    call_args_list = _delegating_property('call_args_list')
    mock_calls = _delegating_property('mock_calls')


    def __get_side_effect(self):
        sig = self._mock_delegate
        if sig is None:
            return self._mock_side_effect
        return sig.side_effect

    def __set_side_effect(self, value):
        value = _try_iter(value)
        sig = self._mock_delegate
        if sig is None:
            self._mock_side_effect = value
        else:
            sig.side_effect = value

    side_effect = property(__get_side_effect, __set_side_effect)


    def reset_mock(self):
        "Restore the mock object to its initial state."
        self.called = False
        self.call_args = None
        self.call_count = 0
        self.mock_calls = _CallList()
        self.call_args_list = _CallList()
        self.method_calls = _CallList()

        for child in self._mock_children.values():
            if isinstance(child, _SpecState):
                continue
            child.reset_mock()

        ret = self._mock_return_value
        if _is_instance_mock(ret) and ret is not self:
            ret.reset_mock()


    def configure_mock(self, **kwargs):
        """Set attributes on the mock through keyword arguments.

        Attributes plus return values and side effects can be set on child
        mocks using standard dot notation and unpacking a dictionary in the
        method call:

        >>> attrs = {'method.return_value': 3, 'other.side_effect': KeyError}
        >>> mock.configure_mock(**attrs)"""
        for arg, val in sorted(kwargs.items(),
                               # we sort on the number of dots so that
                               # attributes are set before we set attributes on
                               # attributes
                               key=lambda entry: entry[0].count('.')):
            args = arg.split('.')
            final = args.pop()
            obj = self
            for entry in args:
                obj = getattr(obj, entry)
            setattr(obj, final, val)


    def __getattr__(self, name):
        if name == '_mock_methods':
            raise AttributeError(name)
        elif self._mock_methods is not None:
            if name not in self._mock_methods or name in _all_magics:
                raise AttributeError("Mock object has no attribute %r" % name)
        elif _is_magic(name):
            raise AttributeError(name)

        result = self._mock_children.get(name)
        if result is _deleted:
            raise AttributeError(name)
        elif result is None:
            wraps = None
            if self._mock_wraps is not None:
                # XXXX should we get the attribute without triggering code
                # execution?
                wraps = getattr(self._mock_wraps, name)

            result = self._get_child_mock(
                parent=self, name=name, wraps=wraps, _new_name=name,
                _new_parent=self
            )
            self._mock_children[name]  = result

        elif isinstance(result, _SpecState):
            result = create_autospec(
                result.spec, result.spec_set, result.instance,
                result.parent, result.name
            )
            self._mock_children[name]  = result

        return result


    def __repr__(self):
        _name_list = [self._mock_new_name]
        _parent = self._mock_new_parent
        last = self

        dot = '.'
        if _name_list == ['()']:
            dot = ''
        seen = set()
        while _parent is not None:
            last = _parent

            _name_list.append(_parent._mock_new_name + dot)
            dot = '.'
            if _parent._mock_new_name == '()':
                dot = ''

            _parent = _parent._mock_new_parent

            # use ids here so as not to call __hash__ on the mocks
            if id(_parent) in seen:
                break
            seen.add(id(_parent))

        _name_list = list(reversed(_name_list))
        _first = last._mock_name or 'mock'
        if len(_name_list) > 1:
            if _name_list[1] not in ('()', '().'):
                _first += '.'
        _name_list[0] = _first
        name = ''.join(_name_list)

        name_string = ''
        if name not in ('mock', 'mock.'):
            name_string = ' name=%r' % name

        spec_string = ''
        if self._spec_class is not None:
            spec_string = ' spec=%r'
            if self._spec_set:
                spec_string = ' spec_set=%r'
            spec_string = spec_string % self._spec_class.__name__
        return "<%s%s%s id='%s'>" % (
            type(self).__name__,
            name_string,
            spec_string,
            id(self)
        )


    def __dir__(self):
        """Filter the output of `dir(mock)` to only useful members.
        XXXX
        """
        extras = self._mock_methods or []
        from_type = dir(type(self))
        from_dict = list(self.__dict__)

        if FILTER_DIR:
            from_type = [e for e in from_type if not e.startswith('_')]
            from_dict = [e for e in from_dict if not e.startswith('_') or
                         _is_magic(e)]
        return sorted(set(extras + from_type + from_dict +
                          list(self._mock_children)))


    def __setattr__(self, name, value):
        if name in _allowed_names:
            # property setters go through here
            return object.__setattr__(self, name, value)
        elif (self._spec_set and self._mock_methods is not None and
            name not in self._mock_methods and
            name not in self.__dict__):
            raise AttributeError("Mock object has no attribute '%s'" % name)
        elif name in _unsupported_magics:
            msg = 'Attempting to set unsupported magic method %r.' % name
            raise AttributeError(msg)
        elif name in _all_magics:
            if self._mock_methods is not None and name not in self._mock_methods:
                raise AttributeError("Mock object has no attribute '%s'" % name)

            if not _is_instance_mock(value):
                setattr(type(self), name, _get_method(name, value))
                original = value
                value = lambda *args, **kw: original(self, *args, **kw)
            else:
                # only set _new_name and not name so that mock_calls is tracked
                # but not method calls
                _check_and_set_parent(self, value, None, name)
                setattr(type(self), name, value)
                self._mock_children[name] = value
        elif name == '__class__':
            self._spec_class = value
            return
        else:
            if _check_and_set_parent(self, value, name, name):
                self._mock_children[name] = value
        return object.__setattr__(self, name, value)


    def __delattr__(self, name):
        if name in _all_magics and name in type(self).__dict__:
            delattr(type(self), name)
            if name not in self.__dict__:
                # for magic methods that are still MagicProxy objects and
                # not set on the instance itself
                return

        if name in self.__dict__:
            object.__delattr__(self, name)

        obj = self._mock_children.get(name, _missing)
        if obj is _deleted:
            raise AttributeError(name)
        if obj is not _missing:
            del self._mock_children[name]
        self._mock_children[name] = _deleted



    def _format_mock_call_signature(self, args, kwargs):
        name = self._mock_name or 'mock'
        return _format_call_signature(name, args, kwargs)


    def _format_mock_failure_message(self, args, kwargs):
        message = 'Expected call: %s\nActual call: %s'
        expected_string = self._format_mock_call_signature(args, kwargs)
        call_args = self.call_args
        if len(call_args) == 3:
            call_args = call_args[1:]
        actual_string = self._format_mock_call_signature(*call_args)
        return message % (expected_string, actual_string)


    def assert_called_with(_mock_self, *args, **kwargs):
        """assert that the mock was called with the specified arguments.

        Raises an AssertionError if the args and keyword args passed in are
        different to the last call to the mock."""
        self = _mock_self
        if self.call_args is None:
            expected = self._format_mock_call_signature(args, kwargs)
            raise AssertionError('Expected call: %s\nNot called' % (expected,))

        if self.call_args != (args, kwargs):
            msg = self._format_mock_failure_message(args, kwargs)
            raise AssertionError(msg)


    def assert_called_once_with(_mock_self, *args, **kwargs):
        """assert that the mock was called exactly once and with the specified
        arguments."""
        self = _mock_self
        if not self.call_count == 1:
            msg = ("Expected to be called once. Called %s times." %
                   self.call_count)
            raise AssertionError(msg)
        return self.assert_called_with(*args, **kwargs)


    def assert_has_calls(self, calls, any_order=False):
        """assert the mock has been called with the specified calls.
        The `mock_calls` list is checked for the calls.

        If `any_order` is False (the default) then the calls must be
        sequential. There can be extra calls before or after the
        specified calls.

        If `any_order` is True then the calls can be in any order, but
        they must all appear in `mock_calls`."""
        if not any_order:
            if calls not in self.mock_calls:
                raise AssertionError(
                    'Calls not found.\nExpected: %r\n'
                    'Actual: %r' % (calls, self.mock_calls)
                )
            return

        all_calls = list(self.mock_calls)

        not_found = []
        for kall in calls:
            try:
                all_calls.remove(kall)
            except ValueError:
                not_found.append(kall)
        if not_found:
            raise AssertionError(
                '%r not all found in call list' % (tuple(not_found),)
            )


    def assert_any_call(self, *args, **kwargs):
        """assert the mock has been called with the specified arguments.

        The assert passes if the mock has *ever* been called, unlike
        `assert_called_with` and `assert_called_once_with` that only pass if
        the call is the most recent one."""
        kall = call(*args, **kwargs)
        if kall not in self.call_args_list:
            expected_string = self._format_mock_call_signature(args, kwargs)
            raise AssertionError(
                '%s call not found' % expected_string
            )


    def _get_child_mock(self, **kw):
        """Create the child mocks for attributes and return value.
        By default child mocks will be the same type as the parent.
        Subclasses of Mock may want to override this to customize the way
        child mocks are made.

        For non-callable mocks the callable variant will be used (rather than
        any custom subclass)."""
        _type = type(self)
        if not issubclass(_type, CallableMixin):
            if issubclass(_type, NonCallableMagicMock):
                klass = MagicMock
            elif issubclass(_type, NonCallableMock) :
                klass = Mock
        else:
            klass = _type.__mro__[1]
        return klass(**kw)



def _try_iter(obj):
    if obj is None:
        return obj
    if _is_exception(obj):
        return obj
    if _callable(obj):
        return obj
    try:
        return iter(obj)
    except TypeError:
        # XXXX backwards compatibility
        # but this will blow up on first call - so maybe we should fail early?
        return obj



class CallableMixin(Base):

    def __init__(self, spec=None, side_effect=None, return_value=DEFAULT,
                 wraps=None, name=None, spec_set=None, parent=None,
                 _spec_state=None, _new_name='', _new_parent=None, **kwargs):
        self.__dict__['_mock_return_value'] = return_value

        _super(CallableMixin, self).__init__(
            spec, wraps, name, spec_set, parent,
            _spec_state, _new_name, _new_parent, **kwargs
        )

        self.side_effect = side_effect


    def _mock_check_sig(self, *args, **kwargs):
        # stub method that can be replaced with one with a specific signature
        pass


    def __call__(_mock_self, *args, **kwargs):
        # can't use self in-case a function / method we are mocking uses self
        # in the signature
        _mock_self._mock_check_sig(*args, **kwargs)
        return _mock_self._mock_call(*args, **kwargs)


    def _mock_call(_mock_self, *args, **kwargs):
        self = _mock_self
        self.called = True
        self.call_count += 1
        self.call_args = _Call((args, kwargs), two=True)
        self.call_args_list.append(_Call((args, kwargs), two=True))

        _new_name = self._mock_new_name
        _new_parent = self._mock_new_parent
        self.mock_calls.append(_Call(('', args, kwargs)))

        seen = set()
        skip_next_dot = _new_name == '()'
        do_method_calls = self._mock_parent is not None
        name = self._mock_name
        while _new_parent is not None:
            this_mock_call = _Call((_new_name, args, kwargs))
            if _new_parent._mock_new_name:
                dot = '.'
                if skip_next_dot:
                    dot = ''

                skip_next_dot = False
                if _new_parent._mock_new_name == '()':
                    skip_next_dot = True

                _new_name = _new_parent._mock_new_name + dot + _new_name

            if do_method_calls:
                if _new_name == name:
                    this_method_call = this_mock_call
                else:
                    this_method_call = _Call((name, args, kwargs))
                _new_parent.method_calls.append(this_method_call)

                do_method_calls = _new_parent._mock_parent is not None
                if do_method_calls:
                    name = _new_parent._mock_name + '.' + name

            _new_parent.mock_calls.append(this_mock_call)
            _new_parent = _new_parent._mock_new_parent

            # use ids here so as not to call __hash__ on the mocks
            _new_parent_id = id(_new_parent)
            if _new_parent_id in seen:
                break
            seen.add(_new_parent_id)

        ret_val = DEFAULT
        effect = self.side_effect
        if effect is not None:
            if _is_exception(effect):
                raise effect

            if not _callable(effect):
                result = next(effect)
                if _is_exception(result):
                    raise result
                return result

            ret_val = effect(*args, **kwargs)
            if ret_val is DEFAULT:
                ret_val = self.return_value

        if (self._mock_wraps is not None and
             self._mock_return_value is DEFAULT):
            return self._mock_wraps(*args, **kwargs)
        if ret_val is DEFAULT:
            ret_val = self.return_value
        return ret_val



class Mock(CallableMixin, NonCallableMock):
    """
    Create a new `Mock` object. `Mock` takes several optional arguments
    that specify the behaviour of the Mock object:

    * `spec`: This can be either a list of strings or an existing object (a
      class or instance) that acts as the specification for the mock object. If
      you pass in an object then a list of strings is formed by calling dir on
      the object (excluding unsupported magic attributes and methods). Accessing
      any attribute not in this list will raise an `AttributeError`.

      If `spec` is an object (rather than a list of strings) then
      `mock.__class__` returns the class of the spec object. This allows mocks
      to pass `isinstance` tests.

    * `spec_set`: A stricter variant of `spec`. If used, attempting to *set*
      or get an attribute on the mock that isn't on the object passed as
      `spec_set` will raise an `AttributeError`.

    * `side_effect`: A function to be called whenever the Mock is called. See
      the `side_effect` attribute. Useful for raising exceptions or
      dynamically changing return values. The function is called with the same
      arguments as the mock, and unless it returns `DEFAULT`, the return
      value of this function is used as the return value.

      Alternatively `side_effect` can be an exception class or instance. In
      this case the exception will be raised when the mock is called.

      If `side_effect` is an iterable then each call to the mock will return
      the next value from the iterable. If any of the members of the iterable
      are exceptions they will be raised instead of returned.

    * `return_value`: The value returned when the mock is called. By default
      this is a new Mock (created on first access). See the
      `return_value` attribute.

    * `wraps`: Item for the mock object to wrap. If `wraps` is not None then
      calling the Mock will pass the call through to the wrapped object
      (returning the real result). Attribute access on the mock will return a
      Mock object that wraps the corresponding attribute of the wrapped object
      (so attempting to access an attribute that doesn't exist will raise an
      `AttributeError`).

      If the mock has an explicit `return_value` set then calls are not passed
      to the wrapped object and the `return_value` is returned instead.

    * `name`: If the mock has a name then it will be used in the repr of the
      mock. This can be useful for debugging. The name is propagated to child
      mocks.

    Mocks can also be called with arbitrary keyword arguments. These will be
    used to set attributes on the mock after it is created.
    """



def _dot_lookup(thing, comp, import_path):
    try:
        return getattr(thing, comp)
    except AttributeError:
        __import__(import_path)
        return getattr(thing, comp)


def _importer(target):
    components = target.split('.')
    import_path = components.pop(0)
    thing = __import__(import_path)

    for comp in components:
        import_path += ".%s" % comp
        thing = _dot_lookup(thing, comp, import_path)
    return thing


def _is_started(patcher):
    # XXXX horrible
    return hasattr(patcher, 'is_local')


class _patch(object):

    attribute_name = None
    _active_patches = set()

    def __init__(
            self, getter, attribute, new, spec, create,
            spec_set, autospec, new_callable, kwargs
        ):
        if new_callable is not None:
            if new is not DEFAULT:
                raise ValueError(
                    "Cannot use 'new' and 'new_callable' together"
                )
            if autospec is not None:
                raise ValueError(
                    "Cannot use 'autospec' and 'new_callable' together"
                )

        self.getter = getter
        self.attribute = attribute
        self.new = new
        self.new_callable = new_callable
        self.spec = spec
        self.create = create
        self.has_local = False
        self.spec_set = spec_set
        self.autospec = autospec
        self.kwargs = kwargs
        self.additional_patchers = []


    def copy(self):
        patcher = _patch(
            self.getter, self.attribute, self.new, self.spec,
            self.create, self.spec_set,
            self.autospec, self.new_callable, self.kwargs
        )
        patcher.attribute_name = self.attribute_name
        patcher.additional_patchers = [
            p.copy() for p in self.additional_patchers
        ]
        return patcher


    def __call__(self, func):
        if isinstance(func, ClassTypes):
            return self.decorate_class(func)
        return self.decorate_callable(func)


    def decorate_class(self, klass):
        for attr in dir(klass):
            if not attr.startswith(patch.TEST_PREFIX):
                continue

            attr_value = getattr(klass, attr)
            if not hasattr(attr_value, "__call__"):
                continue

            patcher = self.copy()
            setattr(klass, attr, patcher(attr_value))
        return klass


    def decorate_callable(self, func):
        if hasattr(func, 'patchings'):
            func.patchings.append(self)
            return func

        @wraps(func)
        def patched(*args, **keywargs):
            # don't use a with here (backwards compatability with Python 2.4)
            extra_args = []
            entered_patchers = []

            # can't use try...except...finally because of Python 2.4
            # compatibility
            exc_info = tuple()
            try:
                try:
                    for patching in patched.patchings:
                        arg = patching.__enter__()
                        entered_patchers.append(patching)
                        if patching.attribute_name is not None:
                            keywargs.update(arg)
                        elif patching.new is DEFAULT:
                            extra_args.append(arg)

                    args += tuple(extra_args)
                    return func(*args, **keywargs)
                except:
                    if (patching not in entered_patchers and
                        _is_started(patching)):
                        # the patcher may have been started, but an exception
                        # raised whilst entering one of its additional_patchers
                        entered_patchers.append(patching)
                    # Pass the exception to __exit__
                    exc_info = sys.exc_info()
                    # re-raise the exception
                    raise
            finally:
                for patching in reversed(entered_patchers):
                    patching.__exit__(*exc_info)

        patched.patchings = [self]
        if hasattr(func, 'func_code'):
            # not in Python 3
            patched.compat_co_firstlineno = getattr(
                func, "compat_co_firstlineno",
                func.func_code.co_firstlineno
            )
        return patched


    def get_original(self):
        target = self.getter()
        name = self.attribute

        original = DEFAULT
        local = False

        try:
            original = target.__dict__[name]
        except (AttributeError, KeyError):
            original = getattr(target, name, DEFAULT)
        else:
            local = True

        if not self.create and original is DEFAULT:
            raise AttributeError(
                "%s does not have the attribute %r" % (target, name)
            )
        return original, local


    def __enter__(self):
        """Perform the patch."""
        new, spec, spec_set = self.new, self.spec, self.spec_set
        autospec, kwargs = self.autospec, self.kwargs
        new_callable = self.new_callable
        self.target = self.getter()

        # normalise False to None
        if spec is False:
            spec = None
        if spec_set is False:
            spec_set = None
        if autospec is False:
            autospec = None

        if spec is not None and autospec is not None:
            raise TypeError("Can't specify spec and autospec")
        if ((spec is not None or autospec is not None) and
            spec_set not in (True, None)):
            raise TypeError("Can't provide explicit spec_set *and* spec or autospec")

        original, local = self.get_original()

        if new is DEFAULT and autospec is None:
            inherit = False
            if spec is True:
                # set spec to the object we are replacing
                spec = original
                if spec_set is True:
                    spec_set = original
                    spec = None
            elif spec is not None:
                if spec_set is True:
                    spec_set = spec
                    spec = None
            elif spec_set is True:
                spec_set = original

            if spec is not None or spec_set is not None:
                if original is DEFAULT:
                    raise TypeError("Can't use 'spec' with create=True")
                if isinstance(original, ClassTypes):
                    # If we're patching out a class and there is a spec
                    inherit = True

            Klass = MagicMock
            _kwargs = {}
            if new_callable is not None:
                Klass = new_callable
            elif spec is not None or spec_set is not None:
                this_spec = spec
                if spec_set is not None:
                    this_spec = spec_set
                if _is_list(this_spec):
                    not_callable = '__call__' not in this_spec
                else:
                    not_callable = not _callable(this_spec)
                if not_callable:
                    Klass = NonCallableMagicMock

            if spec is not None:
                _kwargs['spec'] = spec
            if spec_set is not None:
                _kwargs['spec_set'] = spec_set

            # add a name to mocks
            if (isinstance(Klass, type) and
                issubclass(Klass, NonCallableMock) and self.attribute):
                _kwargs['name'] = self.attribute

            _kwargs.update(kwargs)
            new = Klass(**_kwargs)

            if inherit and _is_instance_mock(new):
                # we can only tell if the instance should be callable if the
                # spec is not a list
                this_spec = spec
                if spec_set is not None:
                    this_spec = spec_set
                if (not _is_list(this_spec) and not
                    _instance_callable(this_spec)):
                    Klass = NonCallableMagicMock

                _kwargs.pop('name')
                new.return_value = Klass(_new_parent=new, _new_name='()',
                                         **_kwargs)
        elif autospec is not None:
            # spec is ignored, new *must* be default, spec_set is treated
            # as a boolean. Should we check spec is not None and that spec_set
            # is a bool?
            if new is not DEFAULT:
                raise TypeError(
                    "autospec creates the mock for you. Can't specify "
                    "autospec and new."
                )
            if original is DEFAULT:
                raise TypeError("Can't use 'autospec' with create=True")
            spec_set = bool(spec_set)
            if autospec is True:
                autospec = original

            new = create_autospec(autospec, spec_set=spec_set,
                                  _name=self.attribute, **kwargs)
        elif kwargs:
            # can't set keyword args when we aren't creating the mock
            # XXXX If new is a Mock we could call new.configure_mock(**kwargs)
            raise TypeError("Can't pass kwargs to a mock we aren't creating")

        new_attr = new

        self.temp_original = original
        self.is_local = local
        setattr(self.target, self.attribute, new_attr)
        if self.attribute_name is not None:
            extra_args = {}
            if self.new is DEFAULT:
                extra_args[self.attribute_name] =  new
            for patching in self.additional_patchers:
                arg = patching.__enter__()
                if patching.new is DEFAULT:
                    extra_args.update(arg)
            return extra_args

        return new


    def __exit__(self, *exc_info):
        """Undo the patch."""
        if not _is_started(self):
            raise RuntimeError('stop called on unstarted patcher')

        if self.is_local and self.temp_original is not DEFAULT:
            setattr(self.target, self.attribute, self.temp_original)
        else:
            delattr(self.target, self.attribute)
            if not self.create and not hasattr(self.target, self.attribute):
                # needed for proxy objects like django settings
                setattr(self.target, self.attribute, self.temp_original)

        del self.temp_original
        del self.is_local
        del self.target
        for patcher in reversed(self.additional_patchers):
            if _is_started(patcher):
                patcher.__exit__(*exc_info)


    def start(self):
        """Activate a patch, returning any created mock."""
        result = self.__enter__()
        self._active_patches.add(self)
        return result


    def stop(self):
        """Stop an active patch."""
        self._active_patches.discard(self)
        return self.__exit__()



def _get_target(target):
    try:
        target, attribute = target.rsplit('.', 1)
    except (TypeError, ValueError):
        raise TypeError("Need a valid target to patch. You supplied: %r" %
                        (target,))
    getter = lambda: _importer(target)
    return getter, attribute


def _patch_object(
        target, attribute, new=DEFAULT, spec=None,
        create=False, spec_set=None, autospec=None,
        new_callable=None, **kwargs
    ):
    """
    patch.object(target, attribute, new=DEFAULT, spec=None, create=False,
                 spec_set=None, autospec=None, new_callable=None, **kwargs)

    patch the named member (`attribute`) on an object (`target`) with a mock
    object.

    `patch.object` can be used as a decorator, class decorator or a context
    manager. Arguments `new`, `spec`, `create`, `spec_set`,
    `autospec` and `new_callable` have the same meaning as for `patch`. Like
    `patch`, `patch.object` takes arbitrary keyword arguments for configuring
    the mock object it creates.

    When used as a class decorator `patch.object` honours `patch.TEST_PREFIX`
    for choosing which methods to wrap.
    """
    getter = lambda: target
    return _patch(
        getter, attribute, new, spec, create,
        spec_set, autospec, new_callable, kwargs
    )


def _patch_multiple(target, spec=None, create=False, spec_set=None,
                    autospec=None, new_callable=None, **kwargs):
    """Perform multiple patches in a single call. It takes the object to be
    patched (either as an object or a string to fetch the object by importing)
    and keyword arguments for the patches::

        with patch.multiple(settings, FIRST_PATCH='one', SECOND_PATCH='two'):
            ...

    Use `DEFAULT` as the value if you want `patch.multiple` to create
    mocks for you. In this case the created mocks are passed into a decorated
    function by keyword, and a dictionary is returned when `patch.multiple` is
    used as a context manager.

    `patch.multiple` can be used as a decorator, class decorator or a context
    manager. The arguments `spec`, `spec_set`, `create`,
    `autospec` and `new_callable` have the same meaning as for `patch`. These
    arguments will be applied to *all* patches done by `patch.multiple`.

    When used as a class decorator `patch.multiple` honours `patch.TEST_PREFIX`
    for choosing which methods to wrap.
    """
    if type(target) in (unicode, str):
        getter = lambda: _importer(target)
    else:
        getter = lambda: target

    if not kwargs:
        raise ValueError(
            'Must supply at least one keyword argument with patch.multiple'
        )
    # need to wrap in a list for python 3, where items is a view
    items = list(kwargs.items())
    attribute, new = items[0]
    patcher = _patch(
        getter, attribute, new, spec, create, spec_set,
        autospec, new_callable, {}
    )
    patcher.attribute_name = attribute
    for attribute, new in items[1:]:
        this_patcher = _patch(
            getter, attribute, new, spec, create, spec_set,
            autospec, new_callable, {}
        )
        this_patcher.attribute_name = attribute
        patcher.additional_patchers.append(this_patcher)
    return patcher


def patch(
        target, new=DEFAULT, spec=None, create=False,
        spec_set=None, autospec=None, new_callable=None, **kwargs
    ):
    """
    `patch` acts as a function decorator, class decorator or a context
    manager. Inside the body of the function or with statement, the `target`
    is patched with a `new` object. When the function/with statement exits
    the patch is undone.

    If `new` is omitted, then the target is replaced with a
    `MagicMock`. If `patch` is used as a decorator and `new` is
    omitted, the created mock is passed in as an extra argument to the
    decorated function. If `patch` is used as a context manager the created
    mock is returned by the context manager.

    `target` should be a string in the form `'package.module.ClassName'`. The
    `target` is imported and the specified object replaced with the `new`
    object, so the `target` must be importable from the environment you are
    calling `patch` from. The target is imported when the decorated function
    is executed, not at decoration time.

    The `spec` and `spec_set` keyword arguments are passed to the `MagicMock`
    if patch is creating one for you.

    In addition you can pass `spec=True` or `spec_set=True`, which causes
    patch to pass in the object being mocked as the spec/spec_set object.

    `new_callable` allows you to specify a different class, or callable object,
    that will be called to create the `new` object. By default `MagicMock` is
    used.

    A more powerful form of `spec` is `autospec`. If you set `autospec=True`
    then the mock with be created with a spec from the object being replaced.
    All attributes of the mock will also have the spec of the corresponding
    attribute of the object being replaced. Methods and functions being
    mocked will have their arguments checked and will raise a `TypeError` if
    they are called with the wrong signature. For mocks replacing a class,
    their return value (the 'instance') will have the same spec as the class.

    Instead of `autospec=True` you can pass `autospec=some_object` to use an
    arbitrary object as the spec instead of the one being replaced.

    By default `patch` will fail to replace attributes that don't exist. If
    you pass in `create=True`, and the attribute doesn't exist, patch will
    create the attribute for you when the patched function is called, and
    delete it again afterwards. This is useful for writing tests against
    attributes that your production code creates at runtime. It is off by by
    default because it can be dangerous. With it switched on you can write
    passing tests against APIs that don't actually exist!

    Patch can be used as a `TestCase` class decorator. It works by
    decorating each test method in the class. This reduces the boilerplate
    code when your test methods share a common patchings set. `patch` finds
    tests by looking for method names that start with `patch.TEST_PREFIX`.
    By default this is `test`, which matches the way `unittest` finds tests.
    You can specify an alternative prefix by setting `patch.TEST_PREFIX`.

    Patch can be used as a context manager, with the with statement. Here the
    patching applies to the indented block after the with statement. If you
    use "as" then the patched object will be bound to the name after the
    "as"; very useful if `patch` is creating a mock object for you.

    `patch` takes arbitrary keyword arguments. These will be passed to
    the `Mock` (or `new_callable`) on construction.

    `patch.dict(...)`, `patch.multiple(...)` and `patch.object(...)` are
    available for alternate use-cases.
    """
    getter, attribute = _get_target(target)
    return _patch(
        getter, attribute, new, spec, create,
        spec_set, autospec, new_callable, kwargs
    )


class _patch_dict(object):
    """
    Patch a dictionary, or dictionary like object, and restore the dictionary
    to its original state after the test.

    `in_dict` can be a dictionary or a mapping like container. If it is a
    mapping then it must at least support getting, setting and deleting items
    plus iterating over keys.

    `in_dict` can also be a string specifying the name of the dictionary, which
    will then be fetched by importing it.

    `values` can be a dictionary of values to set in the dictionary. `values`
    can also be an iterable of `(key, value)` pairs.

    If `clear` is True then the dictionary will be cleared before the new
    values are set.

    `patch.dict` can also be called with arbitrary keyword arguments to set
    values in the dictionary::

        with patch.dict('sys.modules', mymodule=Mock(), other_module=Mock()):
            ...

    `patch.dict` can be used as a context manager, decorator or class
    decorator. When used as a class decorator `patch.dict` honours
    `patch.TEST_PREFIX` for choosing which methods to wrap.
    """

    def __init__(self, in_dict, values=(), clear=False, **kwargs):
        if isinstance(in_dict, basestring):
            in_dict = _importer(in_dict)
        self.in_dict = in_dict
        # support any argument supported by dict(...) constructor
        self.values = dict(values)
        self.values.update(kwargs)
        self.clear = clear
        self._original = None


    def __call__(self, f):
        if isinstance(f, ClassTypes):
            return self.decorate_class(f)
        @wraps(f)
        def _inner(*args, **kw):
            self._patch_dict()
            try:
                return f(*args, **kw)
            finally:
                self._unpatch_dict()

        return _inner


    def decorate_class(self, klass):
        for attr in dir(klass):
            attr_value = getattr(klass, attr)
            if (attr.startswith(patch.TEST_PREFIX) and
                 hasattr(attr_value, "__call__")):
                decorator = _patch_dict(self.in_dict, self.values, self.clear)
                decorated = decorator(attr_value)
                setattr(klass, attr, decorated)
        return klass


    def __enter__(self):
        """Patch the dict."""
        self._patch_dict()


    def _patch_dict(self):
        values = self.values
        in_dict = self.in_dict
        clear = self.clear

        try:
            original = in_dict.copy()
        except AttributeError:
            # dict like object with no copy method
            # must support iteration over keys
            original = {}
            for key in in_dict:
                original[key] = in_dict[key]
        self._original = original

        if clear:
            _clear_dict(in_dict)

        try:
            in_dict.update(values)
        except AttributeError:
            # dict like object with no update method
            for key in values:
                in_dict[key] = values[key]


    def _unpatch_dict(self):
        in_dict = self.in_dict
        original = self._original

        _clear_dict(in_dict)

        try:
            in_dict.update(original)
        except AttributeError:
            for key in original:
                in_dict[key] = original[key]


    def __exit__(self, *args):
        """Unpatch the dict."""
        self._unpatch_dict()
        return False

    start = __enter__
    stop = __exit__


def _clear_dict(in_dict):
    try:
        in_dict.clear()
    except AttributeError:
        keys = list(in_dict)
        for key in keys:
            del in_dict[key]


def _patch_stopall():
    """Stop all active patches."""
    for patch in list(_patch._active_patches):
        patch.stop()


patch.object = _patch_object
patch.dict = _patch_dict
patch.multiple = _patch_multiple
patch.stopall = _patch_stopall
patch.TEST_PREFIX = 'test'

magic_methods = (
    "lt le gt ge eq ne "
    "getitem setitem delitem "
    "len contains iter "
    "hash str sizeof "
    "enter exit "
    "divmod neg pos abs invert "
    "complex int float index "
    "trunc floor ceil "
)

numerics = "add sub mul div floordiv mod lshift rshift and xor or pow "
inplace = ' '.join('i%s' % n for n in numerics.split())
right = ' '.join('r%s' % n for n in numerics.split())
extra = ''
if inPy3k:
    extra = 'bool next '
else:
    extra = 'unicode long nonzero oct hex truediv rtruediv '

# not including __prepare__, __instancecheck__, __subclasscheck__
# (as they are metaclass methods)
# __del__ is not supported at all as it causes problems if it exists

_non_defaults = set('__%s__' % method for method in [
    'cmp', 'getslice', 'setslice', 'coerce', 'subclasses',
    'format', 'get', 'set', 'delete', 'reversed',
    'missing', 'reduce', 'reduce_ex', 'getinitargs',
    'getnewargs', 'getstate', 'setstate', 'getformat',
    'setformat', 'repr', 'dir'
])


def _get_method(name, func):
    "Turns a callable object (like a mock) into a real function"
    def method(self, *args, **kw):
        return func(self, *args, **kw)
    method.__name__ = name
    return method


_magics = set(
    '__%s__' % method for method in
    ' '.join([magic_methods, numerics, inplace, right, extra]).split()
)

_all_magics = _magics | _non_defaults

_unsupported_magics = set([
    '__getattr__', '__setattr__',
    '__init__', '__new__', '__prepare__'
    '__instancecheck__', '__subclasscheck__',
    '__del__'
])

_calculate_return_value = {
    '__hash__': lambda self: object.__hash__(self),
    '__str__': lambda self: object.__str__(self),
    '__sizeof__': lambda self: object.__sizeof__(self),
    '__unicode__': lambda self: unicode(object.__str__(self)),
}

_return_values = {
    '__lt__': NotImplemented,
    '__gt__': NotImplemented,
    '__le__': NotImplemented,
    '__ge__': NotImplemented,
    '__int__': 1,
    '__contains__': False,
    '__len__': 0,
    '__exit__': False,
    '__complex__': 1j,
    '__float__': 1.0,
    '__bool__': True,
    '__nonzero__': True,
    '__oct__': '1',
    '__hex__': '0x1',
    '__long__': long(1),
    '__index__': 1,
}


def _get_eq(self):
    def __eq__(other):
        ret_val = self.__eq__._mock_return_value
        if ret_val is not DEFAULT:
            return ret_val
        return self is other
    return __eq__

def _get_ne(self):
    def __ne__(other):
        if self.__ne__._mock_return_value is not DEFAULT:
            return DEFAULT
        return self is not other
    return __ne__

def _get_iter(self):
    def __iter__():
        ret_val = self.__iter__._mock_return_value
        if ret_val is DEFAULT:
            return iter([])
        # if ret_val was already an iterator, then calling iter on it should
        # return the iterator unchanged
        return iter(ret_val)
    return __iter__

_side_effect_methods = {
    '__eq__': _get_eq,
    '__ne__': _get_ne,
    '__iter__': _get_iter,
}



def _set_return_value(mock, method, name):
    fixed = _return_values.get(name, DEFAULT)
    if fixed is not DEFAULT:
        method.return_value = fixed
        return

    return_calulator = _calculate_return_value.get(name)
    if return_calulator is not None:
        try:
            return_value = return_calulator(mock)
        except AttributeError:
            # XXXX why do we return AttributeError here?
            #      set it as a side_effect instead?
            return_value = AttributeError(name)
        method.return_value = return_value
        return

    side_effector = _side_effect_methods.get(name)
    if side_effector is not None:
        method.side_effect = side_effector(mock)



class MagicMixin(object):
    def __init__(self, *args, **kw):
        _super(MagicMixin, self).__init__(*args, **kw)
        self._mock_set_magics()


    def _mock_set_magics(self):
        these_magics = _magics

        if self._mock_methods is not None:
            these_magics = _magics.intersection(self._mock_methods)

            remove_magics = set()
            remove_magics = _magics - these_magics

            for entry in remove_magics:
                if entry in type(self).__dict__:
                    # remove unneeded magic methods
                    delattr(self, entry)

        # don't overwrite existing attributes if called a second time
        these_magics = these_magics - set(type(self).__dict__)

        _type = type(self)
        for entry in these_magics:
            setattr(_type, entry, MagicProxy(entry, self))



class NonCallableMagicMock(MagicMixin, NonCallableMock):
    """A version of `MagicMock` that isn't callable."""
    def mock_add_spec(self, spec, spec_set=False):
        """Add a spec to a mock. `spec` can either be an object or a
        list of strings. Only attributes on the `spec` can be fetched as
        attributes from the mock.

        If `spec_set` is True then only attributes on the spec can be set."""
        self._mock_add_spec(spec, spec_set)
        self._mock_set_magics()



class MagicMock(MagicMixin, Mock):
    """
    MagicMock is a subclass of Mock with default implementations
    of most of the magic methods. You can use MagicMock without having to
    configure the magic methods yourself.

    If you use the `spec` or `spec_set` arguments then *only* magic
    methods that exist in the spec will be created.

    Attributes and the return value of a `MagicMock` will also be `MagicMocks`.
    """
    def mock_add_spec(self, spec, spec_set=False):
        """Add a spec to a mock. `spec` can either be an object or a
        list of strings. Only attributes on the `spec` can be fetched as
        attributes from the mock.

        If `spec_set` is True then only attributes on the spec can be set."""
        self._mock_add_spec(spec, spec_set)
        self._mock_set_magics()



class MagicProxy(object):
    def __init__(self, name, parent):
        self.name = name
        self.parent = parent

    def __call__(self, *args, **kwargs):
        m = self.create_mock()
        return m(*args, **kwargs)

    def create_mock(self):
        entry = self.name
        parent = self.parent
        m = parent._get_child_mock(name=entry, _new_name=entry,
                                   _new_parent=parent)
        setattr(parent, entry, m)
        _set_return_value(parent, m, entry)
        return m

    def __get__(self, obj, _type=None):
        return self.create_mock()



class _ANY(object):
    "A helper object that compares equal to everything."

    def __eq__(self, other):
        return True

    def __ne__(self, other):
        return False

    def __repr__(self):
        return '<ANY>'

ANY = _ANY()



def _format_call_signature(name, args, kwargs):
    message = '%s(%%s)' % name
    formatted_args = ''
    args_string = ', '.join([repr(arg) for arg in args])
    kwargs_string = ', '.join([
        '%s=%r' % (key, value) for key, value in kwargs.items()
    ])
    if args_string:
        formatted_args = args_string
    if kwargs_string:
        if formatted_args:
            formatted_args += ', '
        formatted_args += kwargs_string

    return message % formatted_args



class _Call(tuple):
    """
    A tuple for holding the results of a call to a mock, either in the form
    `(args, kwargs)` or `(name, args, kwargs)`.

    If args or kwargs are empty then a call tuple will compare equal to
    a tuple without those values. This makes comparisons less verbose::

        _Call(('name', (), {})) == ('name',)
        _Call(('name', (1,), {})) == ('name', (1,))
        _Call(((), {'a': 'b'})) == ({'a': 'b'},)

    The `_Call` object provides a useful shortcut for comparing with call::

        _Call(((1, 2), {'a': 3})) == call(1, 2, a=3)
        _Call(('foo', (1, 2), {'a': 3})) == call.foo(1, 2, a=3)

    If the _Call has no name then it will match any name.
    """
    def __new__(cls, value=(), name=None, parent=None, two=False,
                from_kall=True):
        name = ''
        args = ()
        kwargs = {}
        _len = len(value)
        if _len == 3:
            name, args, kwargs = value
        elif _len == 2:
            first, second = value
            if isinstance(first, basestring):
                name = first
                if isinstance(second, tuple):
                    args = second
                else:
                    kwargs = second
            else:
                args, kwargs = first, second
        elif _len == 1:
            value, = value
            if isinstance(value, basestring):
                name = value
            elif isinstance(value, tuple):
                args = value
            else:
                kwargs = value

        if two:
            return tuple.__new__(cls, (args, kwargs))

        return tuple.__new__(cls, (name, args, kwargs))


    def __init__(self, value=(), name=None, parent=None, two=False,
                 from_kall=True):
        self.name = name
        self.parent = parent
        self.from_kall = from_kall


    def __eq__(self, other):
        if other is ANY:
            return True
        try:
            len_other = len(other)
        except TypeError:
            return False

        self_name = ''
        if len(self) == 2:
            self_args, self_kwargs = self
        else:
            self_name, self_args, self_kwargs = self

        other_name = ''
        if len_other == 0:
            other_args, other_kwargs = (), {}
        elif len_other == 3:
            other_name, other_args, other_kwargs = other
        elif len_other == 1:
            value, = other
            if isinstance(value, tuple):
                other_args = value
                other_kwargs = {}
            elif isinstance(value, basestring):
                other_name = value
                other_args, other_kwargs = (), {}
            else:
                other_args = ()
                other_kwargs = value
        else:
            # len 2
            # could be (name, args) or (name, kwargs) or (args, kwargs)
            first, second = other
            if isinstance(first, basestring):
                other_name = first
                if isinstance(second, tuple):
                    other_args, other_kwargs = second, {}
                else:
                    other_args, other_kwargs = (), second
            else:
                other_args, other_kwargs = first, second

        if self_name and other_name != self_name:
            return False

        # this order is important for ANY to work!
        return (other_args, other_kwargs) == (self_args, self_kwargs)


    def __ne__(self, other):
        return not self.__eq__(other)


    def __call__(self, *args, **kwargs):
        if self.name is None:
            return _Call(('', args, kwargs), name='()')

        name = self.name + '()'
        return _Call((self.name, args, kwargs), name=name, parent=self)


    def __getattr__(self, attr):
        if self.name is None:
            return _Call(name=attr, from_kall=False)
        name = '%s.%s' % (self.name, attr)
        return _Call(name=name, parent=self, from_kall=False)


    def __repr__(self):
        if not self.from_kall:
            name = self.name or 'call'
            if name.startswith('()'):
                name = 'call%s' % name
            return name

        if len(self) == 2:
            name = 'call'
            args, kwargs = self
        else:
            name, args, kwargs = self
            if not name:
                name = 'call'
            elif not name.startswith('()'):
                name = 'call.%s' % name
            else:
                name = 'call%s' % name
        return _format_call_signature(name, args, kwargs)


    def call_list(self):
        """For a call object that represents multiple calls, `call_list`
        returns a list of all the intermediate calls as well as the
        final call."""
        vals = []
        thing = self
        while thing is not None:
            if thing.from_kall:
                vals.append(thing)
            thing = thing.parent
        return _CallList(reversed(vals))


call = _Call(from_kall=False)



def create_autospec(spec, spec_set=False, instance=False, _parent=None,
                    _name=None, **kwargs):
    """Create a mock object using another object as a spec. Attributes on the
    mock will use the corresponding attribute on the `spec` object as their
    spec.

    Functions or methods being mocked will have their arguments checked
    to check that they are called with the correct signature.

    If `spec_set` is True then attempting to set attributes that don't exist
    on the spec object will raise an `AttributeError`.

    If a class is used as a spec then the return value of the mock (the
    instance of the class) will have the same spec. You can use a class as the
    spec for an instance object by passing `instance=True`. The returned mock
    will only be callable if instances of the mock are callable.

    `create_autospec` also takes arbitrary keyword arguments that are passed to
    the constructor of the created mock."""
    if _is_list(spec):
        # can't pass a list instance to the mock constructor as it will be
        # interpreted as a list of strings
        spec = type(spec)

    is_type = isinstance(spec, ClassTypes)

    _kwargs = {'spec': spec}
    if spec_set:
        _kwargs = {'spec_set': spec}
    elif spec is None:
        # None we mock with a normal mock without a spec
        _kwargs = {}

    _kwargs.update(kwargs)

    Klass = MagicMock
    if type(spec) in DescriptorTypes:
        # descriptors don't have a spec
        # because we don't know what type they return
        _kwargs = {}
    elif not _callable(spec):
        Klass = NonCallableMagicMock
    elif is_type and instance and not _instance_callable(spec):
        Klass = NonCallableMagicMock

    _new_name = _name
    if _parent is None:
        # for a top level object no _new_name should be set
        _new_name = ''

    mock = Klass(parent=_parent, _new_parent=_parent, _new_name=_new_name,
                 name=_name, **_kwargs)

    if isinstance(spec, FunctionTypes):
        # should only happen at the top level because we don't
        # recurse for functions
        mock = _set_signature(mock, spec)
    else:
        _check_signature(spec, mock, is_type, instance)

    if _parent is not None and not instance:
        _parent._mock_children[_name] = mock

    if is_type and not instance and 'return_value' not in kwargs:
        mock.return_value = create_autospec(spec, spec_set, instance=True,
                                            _name='()', _parent=mock)

    for entry in dir(spec):
        if _is_magic(entry):
            # MagicMock already does the useful magic methods for us
            continue

        if isinstance(spec, FunctionTypes) and entry in FunctionAttributes:
            # allow a mock to actually be a function
            continue

        # XXXX do we need a better way of getting attributes without
        # triggering code execution (?) Probably not - we need the actual
        # object to mock it so we would rather trigger a property than mock
        # the property descriptor. Likewise we want to mock out dynamically
        # provided attributes.
        # XXXX what about attributes that raise exceptions other than
        # AttributeError on being fetched?
        # we could be resilient against it, or catch and propagate the
        # exception when the attribute is fetched from the mock
        try:
            original = getattr(spec, entry)
        except AttributeError:
            continue

        kwargs = {'spec': original}
        if spec_set:
            kwargs = {'spec_set': original}

        if not isinstance(original, FunctionTypes):
            new = _SpecState(original, spec_set, mock, entry, instance)
            mock._mock_children[entry] = new
        else:
            parent = mock
            if isinstance(spec, FunctionTypes):
                parent = mock.mock

            new = MagicMock(parent=parent, name=entry, _new_name=entry,
                            _new_parent=parent, **kwargs)
            mock._mock_children[entry] = new
            skipfirst = _must_skip(spec, entry, is_type)
            _check_signature(original, new, skipfirst=skipfirst)

        # so functions created with _set_signature become instance attributes,
        # *plus* their underlying mock exists in _mock_children of the parent
        # mock. Adding to _mock_children may be unnecessary where we are also
        # setting as an instance attribute?
        if isinstance(new, FunctionTypes):
            setattr(mock, entry, new)

    return mock


def _must_skip(spec, entry, is_type):
    if not isinstance(spec, ClassTypes):
        if entry in getattr(spec, '__dict__', {}):
            # instance attribute - shouldn't skip
            return False
        spec = spec.__class__
    if not hasattr(spec, '__mro__'):
        # old style class: can't have descriptors anyway
        return is_type

    for klass in spec.__mro__:
        result = klass.__dict__.get(entry, DEFAULT)
        if result is DEFAULT:
            continue
        if isinstance(result, (staticmethod, classmethod)):
            return False
        return is_type

    # shouldn't get here unless function is a dynamically provided attribute
    # XXXX untested behaviour
    return is_type


def _get_class(obj):
    try:
        return obj.__class__
    except AttributeError:
        # in Python 2, _sre.SRE_Pattern objects have no __class__
        return type(obj)


class _SpecState(object):

    def __init__(self, spec, spec_set=False, parent=None,
                 name=None, ids=None, instance=False):
        self.spec = spec
        self.ids = ids
        self.spec_set = spec_set
        self.parent = parent
        self.instance = instance
        self.name = name


FunctionTypes = (
    # python function
    type(create_autospec),
    # instance method
    type(ANY.__eq__),
    # unbound method
    type(_ANY.__eq__),
)

FunctionAttributes = set([
    'func_closure',
    'func_code',
    'func_defaults',
    'func_dict',
    'func_doc',
    'func_globals',
    'func_name',
])


file_spec = None


def mock_open(mock=None, read_data=''):
    """
    A helper function to create a mock to replace the use of `open`. It works
    for `open` called directly or used as a context manager.

    The `mock` argument is the mock object to configure. If `None` (the
    default) then a `MagicMock` will be created for you, with the API limited
    to methods or attributes available on standard file handles.

    `read_data` is a string for the `read` method of the file handle to return.
    This is an empty string by default.
    """
    global file_spec
    if file_spec is None:
        # set on first use
        if inPy3k:
            import _io
            file_spec = list(set(dir(_io.TextIOWrapper)).union(set(dir(_io.BytesIO))))
        else:
            file_spec = file

    if mock is None:
        mock = MagicMock(name='open', spec=open)

    handle = MagicMock(spec=file_spec)
    handle.write.return_value = None
    handle.__enter__.return_value = handle
    handle.read.return_value = read_data

    mock.return_value = handle
    return mock


class PropertyMock(Mock):
    """
    A mock intended to be used as a property, or other descriptor, on a class.
    `PropertyMock` provides `__get__` and `__set__` methods so you can specify
    a return value when it is fetched.

    Fetching a `PropertyMock` instance from an object calls the mock, with
    no args. Setting it calls the mock with the value being set.
    """
    def _get_child_mock(self, **kwargs):
        return MagicMock(**kwargs)

    def __get__(self, obj, obj_type):
        return self()
    def __set__(self, obj, val):
        self(val)
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  Source code for lfd.environment.simulation

from __future__ import division

import openravepy
import trajoptpy
import bulletsimpy
from lfd.rapprentice import animate_traj, ropesim
import numpy as np
from robot_world import RobotWorld
import sim_util
import settings
import importlib

[docs]class StaticSimulation(object):
    def __init__(self, env=None):
        if env is not None:
            self.env = env
        else:
            self.env = openravepy.Environment()
            self.env.StopSimulation()
        self.sim_objs = []
        self.robot = None
        self.__viewer_cache = None
    
[docs]    def add_objects(self, objs_to_add, consider_finger_collisions=True):
        if consider_finger_collisions:
            self._include_gripper_finger_collisions()
        n_robots = len(self.env.GetRobots())
        for obj_to_add in objs_to_add:
            if obj_to_add.dynamic:
                raise RuntimeError("Dynamic object can't be added to StaticSimulation")
            else:
                self.sim_objs.append(obj_to_add)
                obj_to_add.add_to_env(self)
        if len(self.env.GetRobots()) > n_robots:
            if self.robot:
                raise NotImplementedError("Behavior for adding more than one robot has not been defined")
            self.robot = self.env.GetRobots()[-1]
        if consider_finger_collisions:
            self._exclude_gripper_finger_collisions()
    

[docs]    def remove_objects(self, objs_to_remove, consider_finger_collisions=True):
        if consider_finger_collisions:
            self._include_gripper_finger_collisions()
        for obj_to_remove in objs_to_remove:
            if obj_to_remove.dynamic:
                raise RuntimeError("Dynamic object can't be removed from StaticSimulation")
            else:
                self.sim_objs.remove(obj_to_remove)
                obj_to_remove.remove_from_env()
        if self.robot and self.robot not in self.env.GetRobots():
            raise NotImplementedError("Behavior for removing robots has not been defined")
        if consider_finger_collisions:
            self._exclude_gripper_finger_collisions()
    

[docs]    def get_state(self):
        sim_objs_constructor_infos = [sim_obj._get_constructor_info() for sim_obj in self.sim_objs]
        
        states = {}
        for sim_obj in self.sim_objs:
            state_key = "".join(sim_obj.names)
            assert state_key not in states, "multiple sim_objs with same names"
            states[state_key] = sim_obj.get_state()
        states["dof_limits"] = np.asarray(self.robot.GetDOFLimits())
        states["dof_values"] = self.robot.GetDOFValues()
        
        sim_state = (sim_objs_constructor_infos, states)
        return sim_state
    

[docs]    def set_state(self, sim_state):
        constr_infos, states = sim_state
        
        cur_constr_infos = [sim_obj._get_constructor_info() for sim_obj in self.sim_objs]
        
        constr_infos_to_remove = [constr_info for constr_info in cur_constr_infos if constr_info not in constr_infos]
        constr_infos_to_add = [constr_info for constr_info in constr_infos if constr_info not in cur_constr_infos]
        sim_objs_to_add = []
        sim_objs_to_remove = []
        for constr_info in constr_infos_to_remove:
            sim_obj = self.sim_objs[cur_constr_infos.index(constr_info)]
            sim_objs_to_remove.append(sim_obj)
        for constr_info in constr_infos_to_add:
            ((class_name, class_module), args, kwargs) = constr_info
            class_module = importlib.import_module(class_module)
            c = getattr(class_module, class_name)
            sim_objs_to_add.append(c(*args, **kwargs))
        self.remove_objects(sim_objs_to_remove)
        self.add_objects(sim_objs_to_add)
        
        # the states should have one and only one state for every sim_obj and dof info
        states_keys = ["".join(sim_obj.names) for sim_obj in self.sim_objs] + ["dof_limits", "dof_values"]
        assert set(states_keys) == set(states.keys())
        for sim_obj in self.sim_objs:
            state_key = "".join(sim_obj.names)
            sim_obj.set_state(states[state_key])
        self.robot.SetDOFLimits(*states["dof_limits"])
        self.robot.SetDOFValues(states["dof_values"])
    

    @property
    def viewer(self):
        if not self.__viewer_cache and trajoptpy.ViewerExists(self.env):
            self.__viewer_cache = trajoptpy.GetViewer(self.env)
        return self.__viewer_cache
    
[docs]    def create_viewer(self, window_prop=None, camera_matrix=None):
        trajoptpy.GetViewer(self.env) # creates viewer
        if window_prop is None:
            window_prop = settings.WINDOW_PROP
        self.viewer.SetWindowProp(*window_prop)
        if camera_matrix is None:
            camera_matrix = settings.CAMERA_MATRIX
        self.viewer.SetCameraManipulatorMatrix(np.asarray(camera_matrix))
    

    def _exclude_gripper_finger_collisions(self):
        if not self.robot:
            return
        cc = trajoptpy.GetCollisionChecker(self.env)
        for lr in 'lr':
            for flr in 'lr':
                finger_link_name = "%s_gripper_%s_finger_tip_link" % (lr, flr)
                finger_link = self.robot.GetLink(finger_link_name)
                for sim_obj in self.sim_objs:
                    for bt_obj in sim_obj.get_bullet_objects():
                        for link in bt_obj.GetKinBody().GetLinks():
                            cc.ExcludeCollisionPair(finger_link, link)
    
    def _include_gripper_finger_collisions(self):
        if not self.robot:
            return
        cc = trajoptpy.GetCollisionChecker(self.env)
        for lr in 'lr':
            for flr in 'lr':
                finger_link_name = "%s_gripper_%s_finger_tip_link" % (lr, flr)
                finger_link = self.robot.GetLink(finger_link_name)
                for sim_obj in self.sim_objs:
                    for bt_obj in sim_obj.get_bullet_objects():
                        for link in bt_obj.GetKinBody().GetLinks():
                            cc.IncludeCollisionPair(finger_link, link)

    @staticmethod
[docs]    def simulation_state_equal(s0, s1):
        if s0[0] != s1[0]:
            return False
        d0 = s0[1]
        d1 = s1[1]
        if not set(d0.keys()) == set(d1.keys()):
            return False
        for (k, v0) in d0.iteritems():
            v1 = d1[k]
            if not np.all(v0 == v1):
                return False
        return True




[docs]class DynamicSimulation(StaticSimulation):
    def __init__(self, env=None):
        super(DynamicSimulation, self).__init__(env=env)
        self.dyn_sim_objs = []
        self.bt_env = None
        self.bt_robot = None   
        self.dyn_bt_objs = []
    
[docs]    def add_objects(self, sim_objs):
        static_sim_objs = [sim_obj for sim_obj in sim_objs if not sim_obj.dynamic]
        dyn_sim_objs = [sim_obj for sim_obj in sim_objs if sim_obj.dynamic]
        self._include_gripper_finger_collisions()
        # add static objects
        super(DynamicSimulation, self).add_objects(static_sim_objs, consider_finger_collisions=False)
        # add dynamic objects
        self._remove_bullet()
        for sim_obj in dyn_sim_objs:
            self.sim_objs.append(sim_obj)
            self.dyn_sim_objs.append(sim_obj)
        self._create_bullet()
        self._exclude_gripper_finger_collisions()
    

[docs]    def remove_objects(self, sim_objs):
        static_sim_objs = [sim_obj for sim_obj in sim_objs if not sim_obj.dynamic]
        dyn_sim_objs = [sim_obj for sim_obj in sim_objs if sim_obj.dynamic]
        self._include_gripper_finger_collisions()
        # remove static objects
        super(DynamicSimulation, self).remove_objects(static_sim_objs, consider_finger_collisions=False)
        # remove dynamic objects
        self._remove_bullet()
        for sim_obj in dyn_sim_objs:
            self.sim_objs.remove(sim_obj)
            self.dyn_sim_objs.remove(sim_obj)
        self._create_bullet()
        self._exclude_gripper_finger_collisions()
    

[docs]    def set_state(self, sim_state):
        """
        Defined such that execution1 and execution2 gives the same results
        if execution1 == execution2 in the following code:

        set_state(sim_state)
        execution1()
        set_state(sim_state)
        execution2()
        """
        self._include_gripper_finger_collisions()
        self._remove_bullet()
        self._create_bullet()
        self._exclude_gripper_finger_collisions()
        super(DynamicSimulation, self).set_state(sim_state)
        self.update()


[docs]    def update(self):
        self.bt_robot.UpdateBullet()
        self._update_rave()
    

[docs]    def step(self):
        self.bt_robot.UpdateBullet()
        self.bt_env.Step(.01, 200, .005)
        self._update_rave()


[docs]    def get_translations(self):
        """return translation part of all links of all dynamic objects"""
        return np.concatenate(
            [np.asarray([link.GetTransform() for link in bt_obj.GetKinBody().GetLinks()])[:, :3, 3]
                for bt_obj in self.dyn_bt_objs]
        )


[docs]    def settle(self, max_steps=100, tol=.001, step_viewer=1):
        """Keep stepping until the dynamic objects doesn't move, up to some tolerance"""
        prev_trans = self.get_translations()
        for i in range(max_steps):
            self.bt_env.Step(.01, 200, .005)
            self._update_rave()
            if self.viewer and step_viewer != 0 and i % step_viewer == 0:
                if self.viewer:
                    self.viewer.Step()
            if i % 10 == 0 and i != 0:
                curr_trans = self.get_translations()
                diff = np.sqrt(((curr_trans - prev_trans)**2).sum(axis=1))
                if diff.max() < tol:
                    break
                prev_trans = curr_trans
        self._update_rave()
        if self.viewer and step_viewer != 0:
            self.viewer.Step()
    

    def _create_bullet(self):
        # create bullet environment and dynamic objects in it
        dyn_obj_names = []
        for sim_obj in self.dyn_sim_objs:
            if not sim_obj.add_after:
                sim_obj.add_to_env(self)
                dyn_obj_names.extend(sim_obj.names)
        self.bt_env = bulletsimpy.BulletEnvironment(self.env, dyn_obj_names)
        self.bt_env.SetGravity([0, 0, -9.8])
        if self.robot:
            self.bt_robot = self.bt_env.GetObjectByName(self.robot.GetName())

        for sim_obj in self.dyn_sim_objs:
            if sim_obj.add_after:
                sim_obj.add_to_env(self)
        
        for sim_obj in self.dyn_sim_objs:
            self.dyn_bt_objs.extend(sim_obj.get_bullet_objects())
        
        self._update_rave()
    
    def _remove_bullet(self):
        # remove bullet environment and dynamic objects in it
        for sim_obj in self.dyn_sim_objs:
            sim_obj.remove_from_env()
        self.bt_env = None
        self.bt_robot = None
        self.dyn_bt_objs = []
    
    def _update_rave(self):
        for bt_obj in self.dyn_bt_objs:
            bt_obj.UpdateRave()
        self.env.UpdatePublishedBodies()



[docs]class DynamicSimulationRobotWorld(DynamicSimulation, RobotWorld):
    def __init__(self, env=None, T_w_k=None, range_k=2.):
        """
        T_w_k: world transform of the depth camera
        range_k: length of the rays. 2 meters by default
        """
        self.constraints = {"l": [], "r": []}
        self.constraints_links = {"l": [], "r": []}
        super(DynamicSimulationRobotWorld, self).__init__(env=env)
        self.T_w_k = T_w_k
        self.range_k = range_k
    
[docs]    def observe_cloud(self):
        if self.T_w_k is None:
            if self.robot is None:
                raise RuntimeError("Can't observe cloud when there is no robot")
            else:
                from lfd.rapprentice import berkeley_pr2
                self.T_w_k = berkeley_pr2.get_kinect_transform(self.robot)
        
        # camera's parameters
        cx = 320.-.5
        cy = 240.-.5
        f = 525.  # focal length
        w = 640.
        h = 480.
        
        pixel_ij = np.array(np.meshgrid(np.arange(w), np.arange(h))).T.reshape((-1, 2))  # all pixel positions
        rays_to = self.range_k * np.c_[(pixel_ij - np.array([cx, cy])) / f, np.ones(pixel_ij.shape[0])]
        rays_from = np.zeros_like(rays_to)
        # transform the rays from the camera frame to the world frame
        rays_to = rays_to.dot(self.T_w_k[:3,:3].T) + self.T_w_k[:3,3]
        rays_from = rays_from.dot(self.T_w_k[:3,:3].T) + self.T_w_k[:3,3]

        cloud = []
        for sim_obj in self.dyn_sim_objs:
            for bt_obj in sim_obj.get_bullet_objects():
                ray_collisions = self.bt_env.RayTest(rays_from, rays_to, bt_obj)
                
                pts = np.empty((len(ray_collisions), 3))
                for i, ray_collision in enumerate(ray_collisions):
                    pts[i, :] = ray_collision.pt
                cloud.append(pts)
        cloud = np.concatenate(cloud)

        # hack to filter out point below the top of the table. TODO: fix this hack
        table_sim_objs = [sim_obj for sim_obj in self.sim_objs if "table" in sim_obj.names]
        assert len(table_sim_objs) == 1
        table_sim_obj = table_sim_objs[0]
        table_height = table_sim_obj.translation[2] + table_sim_obj.extents[2]
        cloud = cloud[cloud[:, 2] > table_height, :]
        return cloud


[docs]    def open_gripper(self, lr, target_val=None, step_viewer=1, max_vel=.02):
        self._remove_constraints(lr)
         
        # generate gripper finger trajectory
        joint_ind = self.robot.GetJoint("%s_gripper_l_finger_joint" % lr).GetDOFIndex()
        start_val = self.robot.GetDOFValues([joint_ind])[0]
        if target_val is None:
            target_val = sim_util.get_binary_gripper_angle(True)
        joint_traj = np.linspace(start_val, target_val, np.ceil(abs(target_val - start_val) / max_vel))

        # execute gripper finger trajectory
        for val in joint_traj:
            self.robot.SetDOFValues([val], [joint_ind])
            self.step()
        if self.viewer and step_viewer:
            self.viewer.Step()
    

[docs]    def close_gripper(self, lr, step_viewer=1, max_vel=.02, close_dist_thresh=0.004, grab_dist_thresh=0.005):
        print 'CLOSING GRIPPER'
        # generate gripper finger trajectory
        joint_ind = self.robot.GetJoint("%s_gripper_l_finger_joint" % lr).GetDOFIndex()
        start_val = self.robot.GetDOFValues([joint_ind])[0]
        print 'start_val: ', start_val
        # execute gripper finger trajectory
        dyn_bt_objs = [bt_obj for sim_obj in self.dyn_sim_objs for bt_obj in sim_obj.get_bullet_objects()]
        next_val = start_val
        while next_val:
            flr2finger_pts_grid = self._get_finger_pts_grid(lr)
            ray_froms, ray_tos = flr2finger_pts_grid['l'], flr2finger_pts_grid['r']

            # stop closing if any ray hits a dynamic object within a distance of close_dist_thresh from both sides
            next_vel = max_vel
            for bt_obj in dyn_bt_objs:
                from_to_ray_collisions = self.bt_env.RayTest(ray_froms, ray_tos, bt_obj)
                to_from_ray_collisions = self.bt_env.RayTest(ray_tos, ray_froms, bt_obj)
                rays_dists = np.inf * np.ones((len(ray_froms), 2))
                for rc in from_to_ray_collisions:
                    ray_id = np.argmin(np.apply_along_axis(np.linalg.norm, 1, ray_froms - rc.rayFrom))
                    rays_dists[ray_id, 0] = np.linalg.norm(rc.pt - rc.rayFrom)
                for rc in to_from_ray_collisions:
                    ray_id = np.argmin(np.apply_along_axis(np.linalg.norm, 1, ray_tos - rc.rayFrom))
                    rays_dists[ray_id, 1] = np.linalg.norm(rc.pt - rc.rayFrom)
                colliding_rays_inds = np.logical_and(rays_dists[:, 0] != np.inf, rays_dists[:, 1] != np.inf)
                if np.any(colliding_rays_inds):
                    rays_dists = rays_dists[colliding_rays_inds, :]
                    if np.any(np.logical_and(rays_dists[:, 0] < close_dist_thresh,
                                             rays_dists[:, 1] < close_dist_thresh)):
                        next_vel = 0
                    else:
                        next_vel = np.minimum(next_vel, np.min(rays_dists.sum(axis=1)))
            if next_vel == 0:
                break
            next_val = np.maximum(next_val - next_vel, 0)

            self.robot.SetDOFValues([next_val], [joint_ind])
            self.step()
            if self.viewer and step_viewer:
                self.viewer.Step()
        handles = []
        # add constraints at the points where a ray hits a dynamic link within a distance of grab_dist_thresh
        for bt_obj in dyn_bt_objs:
            from_to_ray_collisions = self.bt_env.RayTest(ray_froms, ray_tos, bt_obj)
            to_from_ray_collisions = self.bt_env.RayTest(ray_tos, ray_froms, bt_obj)
            
            ray_collisions = [rc for rcs in [from_to_ray_collisions, to_from_ray_collisions] for rc in rcs]

            for rc in ray_collisions:
                if np.linalg.norm(rc.pt - rc.rayFrom) < grab_dist_thresh:
                    link_tf = rc.link.GetTransform()
                    link_tf[:3, 3] = rc.pt
                    self._add_constraints(lr, rc.link, link_tf)
        if self.viewer and step_viewer:
            self.viewer.Step()
    

[docs]    def execute_trajectory(self, full_traj, step_viewer=1, interactive=False,
                           max_cart_vel_trans_traj=.05, max_cart_vel=.02, sim_callback=None):
        # TODO: incorporate other parts of sim_full_traj_maybesim
        if sim_callback is None:
            sim_callback = lambda i: self.step()
        
        traj, dof_inds = full_traj
        
    #     # clip finger joint angles to the binary gripper angles if necessary
    #     for lr in 'lr':
    #         joint_ind = self.robot.GetJoint("%s_gripper_l_finger_joint"%lr).GetDOFIndex()
    #         if joint_ind in dof_inds:
    #             ind = dof_inds.index(joint_ind)
    #             traj[:,ind] = np.minimum(traj[:,ind], get_binary_gripper_angle(True))
    #             traj[:,ind] = np.maximum(traj[:,ind], get_binary_gripper_angle(False))
        
        # in simulation mode, we must make sure to gradually move to the new starting position
        self.robot.SetActiveDOFs(dof_inds)
        curr_vals = self.robot.GetActiveDOFValues()
        transition_traj = np.r_[[curr_vals], [traj[0]]]
        sim_util.unwrap_in_place(transition_traj, dof_inds=dof_inds)
        transition_traj = ropesim.retime_traj(self.robot, dof_inds, transition_traj,
                                              max_cart_vel=max_cart_vel_trans_traj)
        animate_traj.animate_traj(transition_traj, self.robot, restore=False, pause=interactive,
                                  callback=sim_callback, step_viewer=step_viewer if self.viewer else 0)
        
        traj[0] = transition_traj[-1]
        sim_util.unwrap_in_place(traj, dof_inds=dof_inds)
        traj = ropesim.retime_traj(self.robot, dof_inds, traj, max_cart_vel=max_cart_vel)  # make the trajectory slow enough for the simulation
    
        animate_traj.animate_traj(traj, self.robot, restore=False, pause=interactive,
                                  callback=sim_callback, step_viewer=step_viewer if self.viewer else 0)
        if self.viewer and step_viewer:
            self.viewer.Step()
        return True
    

    def _create_bullet(self):
        for lr in 'lr':
            if self.constraints[lr] or self.constraints_links[lr]:
                raise RuntimeError("Bullet environment can't be removed while the robot is grasping an object")
        super(DynamicSimulationRobotWorld, self)._create_bullet()

    def _remove_bullet(self):
        for lr in 'lr':
            if self.constraints[lr] or self.constraints_links[lr]:
                raise RuntimeError("Bullet environment can't be removed while the robot is grasping an object")
        super(DynamicSimulationRobotWorld, self)._remove_bullet()
        
    def _get_finger_pts_grid(self, lr, min_sample_dist=0.005):
        sample_grid = None
        flr2finger_pts_grid = {}
        for finger_lr in 'lr':
            world_from_finger = self.robot.GetLink("%s_gripper_%s_finger_tip_link" % (lr, finger_lr)).GetTransform()
            finger_pts = world_from_finger[:3, 3] \
                + sim_util.get_finger_rel_pts(finger_lr).dot(world_from_finger[:3, :3].T)
            pt0 = finger_pts[0 if finger_lr == 'l' else 3][None, :]
            pt1 = finger_pts[1 if finger_lr == 'l' else 2][None, :]
            pt3 = finger_pts[3 if finger_lr == 'l' else 0][None, :]
            if sample_grid is None:
                num_sample_01 = np.round(np.linalg.norm(pt1 - pt0)/min_sample_dist)
                num_sample_03 = np.round(np.linalg.norm(pt3 - pt0)/min_sample_dist)
                sample_grid = np.array(np.meshgrid(np.linspace(0, 1, num_sample_01),
                                                   np.linspace(0, 1, num_sample_03))).T.reshape((-1, 2))
            flr2finger_pts_grid[finger_lr] = pt0 + sample_grid[:, 0][:, None].dot(pt1 - pt0) \
                + sample_grid[:, 1][:, None].dot(pt3 - pt0)
        return flr2finger_pts_grid
    
    def _remove_constraints(self, lr, grab_link=None):
        """
        If grab_link is None, remove all constraints that attaches the lr gripper,
        else remove all constraints that attaches between the lr gripper and grab_link
        """
        num_links_removed = 0
        for (cnt, link) in zip(self.constraints[lr], self.constraints_links[lr]):
            if grab_link is None or link == grab_link:
                self.bt_env.RemoveConstraint(cnt)
                num_links_removed += 1
        # TODO: provide option to color the contrained links and save color before overriding it
        for link in self.constraints_links[lr]:
            if grab_link is None or link == grab_link:
                for geom in link.GetGeometries():
                    geom.SetDiffuseColor([1., 1., 1.])
        if grab_link is None:
            self.constraints[lr] = []
            self.constraints_links[lr] = []
        else:
            if grab_link in self.constraints_links[lr]:
                constraints_links_pairs = zip(*[(cnt, link) for (cnt, link)
                                                in zip(self.constraints[lr], self.constraints_links[lr])
                                                if link != grab_link])
                if constraints_links_pairs:
                    constraints, constraints_links = constraints_links_pairs
                    self.constraints[lr] = list(constraints)
                    self.constraints_links[lr] = list(constraints_links)
                else:
                    self.constraints[lr] = []
                    self.constraints_links[lr] = []
    
    def _add_constraints(self, lr, grab_link, grab_tf=None):
        if grab_tf is None:
            grab_tf = grab_link.GetTransform()
        # TODO: provide option to color the contrained links and save color before overriding it
        for geom in grab_link.GetGeometries():
            geom.SetDiffuseColor([1.,0.,0.])
        for flr in 'lr':
            robot_link = self.robot.GetLink("%s_gripper_%s_finger_tip_link" % (lr, flr))
            cnt = self.bt_env.AddConstraint({
                "type": "generic6dof",
                "params": {
                    "link_a": robot_link,
                    "link_b": grab_link,
                    "frame_in_a": np.linalg.inv(robot_link.GetTransform()).dot(grab_tf),
                    "frame_in_b": np.linalg.inv(grab_link.GetTransform()).dot(grab_tf),
                    "use_linear_reference_frame_a": False,
                    "stop_erp": .8,
                    "stop_cfm": .1,
                    "disable_collision_between_linked_bodies": True,
                }
            })
            self.constraints[lr].append(cnt)
            self.constraints_links[lr].append(grab_link)


[docs]class DynamicRopeSimulationRobotWorld(DynamicSimulationRobotWorld):

[docs]    def in_grasp_region(self,robot, lr, pt):
        tol = .00

        manip_name = {"l": "leftarm", "r": "rightarm"}[lr]
        manip = robot.GetManipulator(manip_name)
        l_finger = robot.GetLink("%s_gripper_l_finger_tip_link"%lr)
        r_finger = robot.GetLink("%s_gripper_r_finger_tip_link"%lr)

        def transform(hmat, p):
            return hmat[:3,:3].dot(p) + hmat[:3,3]
        def on_inner_side(pt, finger_lr):
            finger = l_finger
            closing_dir = np.cross(manip.GetLocalToolDirection(), [-1, 0, 0])
            local_inner_pt = np.array([0.234402, -0.299, 0])/20.
            if finger_lr == "r":
                finger = r_finger
                closing_dir *= -1
                local_inner_pt[1] *= -1
            inner_pt = transform(finger.GetTransform(), local_inner_pt)
            return manip.GetTransform()[:3,:3].dot(closing_dir).dot(pt - inner_pt) > 0

        # check that pt is behind the gripper tip
        pt_local = transform(np.linalg.inv(manip.GetTransform()), pt)
        if pt_local[2] > .03 + tol:
            return False

        # check that pt is within the finger width
        if abs(pt_local[0]) > .01 + tol:
            return False

        # check that pt is between the fingers
        if not on_inner_side(pt, "l") or not on_inner_side(pt, "r"):
            return False

        return True


 

[docs]    def close_gripper(self, lr, step_viewer=1, max_vel=.02, close_dist_thresh=0.004, grab_dist_thresh=0.005):
        print 'CLOSING GRIPPER'
        # generate gripper finger trajectory
        joint_ind = self.robot.GetJoint("%s_gripper_l_finger_joint"%lr).GetDOFIndex()
        start_val = self.robot.GetDOFValues([joint_ind])[0]
        print 'start_val: ', start_val
        # execute gripper finger trajectory
        dyn_bt_objs = [bt_obj for sim_obj in self.dyn_sim_objs for bt_obj in sim_obj.get_bullet_objects()]
        next_val = start_val
        while next_val:
            flr2finger_pts_grid = self._get_finger_pts_grid(lr)
            ray_froms, ray_tos = flr2finger_pts_grid['l'], flr2finger_pts_grid['r']

            # stop closing if any ray hits a dynamic object within a distance of close_dist_thresh from both sides
            next_vel = max_vel
            for bt_obj in dyn_bt_objs:
                from_to_ray_collisions = self.bt_env.RayTest(ray_froms, ray_tos, bt_obj)
                to_from_ray_collisions = self.bt_env.RayTest(ray_tos, ray_froms, bt_obj)
                rays_dists = np.inf * np.ones((len(ray_froms), 2))
                for rc in from_to_ray_collisions:
                    ray_id = np.argmin(np.apply_along_axis(np.linalg.norm, 1, ray_froms - rc.rayFrom))
                    rays_dists[ray_id,0] = np.linalg.norm(rc.pt - rc.rayFrom)
                for rc in to_from_ray_collisions:
                    ray_id = np.argmin(np.apply_along_axis(np.linalg.norm, 1, ray_tos - rc.rayFrom))
                    rays_dists[ray_id,1] = np.linalg.norm(rc.pt - rc.rayFrom)
                colliding_rays_inds = np.logical_and(rays_dists[:,0] != np.inf, rays_dists[:,1] != np.inf)
                if np.any(colliding_rays_inds):
                    rays_dists = rays_dists[colliding_rays_inds,:]
                    if np.any(np.logical_and(rays_dists[:,0] < close_dist_thresh, rays_dists[:,1] < close_dist_thresh)):
                        next_vel = 0
                    else:
                        next_vel = np.minimum(next_vel, np.min(rays_dists.sum(axis=1)))
            if next_vel == 0:
                break
            next_val = np.maximum(next_val - next_vel, 0)

            self.robot.SetDOFValues([next_val], [joint_ind])
            self.step()
            if self.viewer and step_viewer:
                self.viewer.Step()

 
        rope = [bt_obj for sim_obj in self.dyn_sim_objs for bt_obj in sim_obj.get_bullet_objects()][0]
        nodes, ctl_pts = rope.GetNodes(), rope.GetControlPoints()

        graspable_nodes = np.array([self.in_grasp_region(self.robot, lr, n) for n in nodes])
        graspable_ctl_pts = np.array([self.in_grasp_region(self.robot, lr, n) for n in ctl_pts])
        graspable_inds = np.flatnonzero(np.logical_or(graspable_nodes, np.logical_or(graspable_ctl_pts[:-1], graspable_ctl_pts[1:])))
        print 'graspable inds for %s: %s' % (lr, str(graspable_inds))
        if len(graspable_inds) == 0:
            return False

        robot_link = self.robot.GetLink("%s_gripper_l_finger_tip_link"%lr)
        rope_links = rope.GetKinBody().GetLinks()
        for i_node in graspable_inds:
            i_cnt = i_node
            for geom in rope_links[i_cnt].GetGeometries():
                geom.SetDiffuseColor([1.,0.,0.])
            link = rope_links[i_cnt]
            self._add_constraints(lr, link, link.GetTransform())
        if step_viewer and self.viewer:
            self.viewer.Step()

        return True


[docs]    def release_rope(self, lr):
#         print 'RELEASE: %s (%d constraints)' % (lr, len(self.constraints[lr]))
        for c in self.constraints[lr]:
            self.bt_env.RemoveConstraint(c)
        rope_links = self.rope.GetKinBody().GetLinks()
        for link in self.constraints_links[lr]:
            for geom in link.GetGeometries():
                geom.SetDiffuseColor([1.,1.,1.])
        self.constraints[lr] = []
        self.constraints_links[lr] = []
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  Source code for lfd.environment.simulation_object

from __future__ import division

import trajoptpy, bulletsimpy
import sim_util
import numpy as np

[docs]class SimulationObject(object):
    add_after = False # if True, this object needs to be added after the BulletEnvironment has been created
    def __init__(self, names, dynamic=True):
        self.names = names
        self.dynamic = dynamic
        self.sim = None

[docs]    def add_to_env(self, sim):
        raise NotImplementedError
    

[docs]    def remove_from_env(self):
        raise NotImplementedError
    

[docs]    def get_bullet_objects(self):
        if self.sim is None:
            raise RuntimeError("get_bullet_objects should only be called when the object is in an environment")
        bt_objs = []
        for name in self.names:
            body = self.sim.env.GetKinBody(name)
            bt_obj = self.sim.bt_env.GetObjectFromKinBody(body)
            bt_objs.append(bt_obj)
        return bt_objs
    

[docs]    def get_state(self):
        return np.asarray([bt_obj.GetTransform() for bt_obj in self.get_bullet_objects()])
    

[docs]    def set_state(self, tfs):
        for (bt_obj, tf) in zip(self.get_bullet_objects(), tfs):
            bt_obj.SetTransform(tf)
    

    def _get_constructor_info(self):
        args = [self.names]
        kwargs = {"dynamic":self.dynamic}
        return (type(self).__name__, type(self).__module__), args, kwargs


[docs]class XmlSimulationObject(SimulationObject):
    def __init__(self, xml, dynamic=False):
        super(XmlSimulationObject, self).__init__(None, dynamic=dynamic) # TODO: None names
        self.xml = xml

[docs]    def add_to_env(self, sim):
        self.sim = sim
        pre_names = [body.GetName() for body in self.sim.env.GetBodies()]
        if '<' in self.xml: # TODO: fix this hack
            self.sim.env.LoadData(self.xml)
        else:
            self.sim.env.Load(self.xml)
        post_names = [body.GetName() for body in self.sim.env.GetBodies()]
        self.names = [name for name in post_names if name not in pre_names]
    

[docs]    def remove_from_env(self):
        for bt_obj in self.get_bullet_objects():
            self.sim.env.Remove(bt_obj.GetKinBody())
        self.sim = None
    

    def _get_constructor_info(self):
        args = [self.xml]
        kwargs = {"dynamic":self.dynamic}
        return (type(self).__name__, type(self).__module__), args, kwargs
    
    def __repr__(self):
        return "XmlSimulationObject(%s, dynamic=%r)" % (self.xml, self.dynamic)


[docs]class BoxSimulationObject(XmlSimulationObject):
    def __init__(self, name, translation, extents, dynamic=True):
        xml = """
        <Environment>
          <KinBody name="%s">
            <Body type="%s" name="%s_link">
              <Translation>%f %f %f</Translation>
              <Geom type="box">
                <extents>%f %f %f</extents>
              </Geom>
            </Body>
          </KinBody>
        </Environment>
        """ % (name, 'dynamic' if dynamic else 'static', name, translation[0], translation[1], translation[2], extents[0], extents[1], extents[2])
        super(BoxSimulationObject, self).__init__(xml, dynamic=dynamic)
        self.name = name
        self.translation = translation
        self.extents = extents
    
    def _get_constructor_info(self):
        args = [self.name, self.translation, self.extents]
        kwargs = {"dynamic":self.dynamic}
        return (type(self).__name__, type(self).__module__), args, kwargs
    
    def __repr__(self):
        return "BoxSimulationObject(%s, %s, %s, dynamic=%r)" % (self.name, self.translation, self.extents, self.dynamic)


[docs]class CylinderSimulationObject(XmlSimulationObject):
    def __init__(self, name, translation, radius, height, dynamic=True):
        xml = """
        <Environment>
          <KinBody name="%s">
            <Body type="%s" name="%s_link">
              <Translation>%f %f %f</Translation>
              <Geom type="cylinder">
                <rotationaxis>1 0 0 90</rotationaxis>
                <radius>%f</radius>
                <height>%f</height>
              </Geom>
            </Body>
          </KinBody>
        </Environment>
        """ % (name, 'dynamic' if dynamic else 'static', name, translation[0], translation[1], translation[2], radius, height)
        super(CylinderSimulationObject, self).__init__(xml, dynamic=dynamic)
        self.name = name
        self.translation = translation
        self.radius = radius
        self.height = height
    
    def _get_constructor_info(self):
        args = [self.name, self.translation, self.radius, self.height]
        kwargs = {"dynamic":self.dynamic}
        return (type(self).__name__, type(self).__module__), args, kwargs
    
    def __repr__(self):
        return "CylinderSimulationObject(%s, %s, %s, %s, dynamic=%r)" % (self.name, self.translation, self.radius, self.height, self.dynamic)


[docs]class RopeSimulationObject(SimulationObject):
    add_after = True
    def __init__(self, name, ctrl_points, rope_params=None, dynamic=True, upsample=0, upsample_rad=1):
        super(RopeSimulationObject, self).__init__([name], dynamic=True)
        self.name = name
        self.init_ctrl_points = np.asarray(ctrl_points)
        if rope_params is None:
            self.rope_params = sim_util.RopeParams()
        else:
            self.rope_params = rope_params
        self.upsample = upsample
        self.upsample_rad = upsample_rad
        self.rope = None

[docs]    def add_to_env(self, sim):
        self.sim = sim
        capsule_rope_params = bulletsimpy.CapsuleRopeParams()
        capsule_rope_params.radius       = self.rope_params.radius
        capsule_rope_params.angStiffness = self.rope_params.angStiffness
        capsule_rope_params.angDamping   = self.rope_params.angDamping
        capsule_rope_params.linDamping   = self.rope_params.linDamping
        capsule_rope_params.angLimit     = self.rope_params.angLimit
        capsule_rope_params.linStopErp   = self.rope_params.linStopErp
        capsule_rope_params.mass         = self.rope_params.mass
        self.rope = bulletsimpy.CapsuleRope(self.sim.bt_env, self.name, self.init_ctrl_points, capsule_rope_params)
    

[docs]    def remove_from_env(self):
        # remove all capsule-capsule exclude to prevent memory leak
        # TODO: only interate through the capsule pairs that actually are excluded
        cc = trajoptpy.GetCollisionChecker(self.sim.env)
        for rope_link0 in self.rope.GetKinBody().GetLinks():
            for rope_link1 in self.rope.GetKinBody().GetLinks():
                cc.IncludeCollisionPair(rope_link0, rope_link1)
        self.sim.env.Remove(self.rope.GetKinBody())
        self.rope = None
        self.sim = None
    

[docs]    def get_bullet_objects(self):
        # method of parent class doesn't work because self.rope casted to BulletObject
        if self.sim is None:
            raise RuntimeError("get_bullet_objects should only be called when the object is in an environment")
        return [self.rope]
    

[docs]    def get_state(self):
        trans, rots = self.rope.GetTranslations(), self.rope.GetRotations()
        tfs = np.zeros((len(trans), 4, 4))
        tfs[:,:3,3] = trans
        tfs[:,:3,:3] = rots
        tfs[:,3,3] = np.ones(len(trans))
        return tfs
    

[docs]    def set_state(self, tfs):
        self.rope.SetTranslations(tfs[:,:3,3])
        self.rope.SetRotations(tfs[:,:3,:3])
    

    def _get_constructor_info(self):
        args = [self.name, self.init_ctrl_points.tolist(), self.rope_params]
        kwargs = {"dynamic":self.dynamic, "upsample":0, "upsample_rad":1}
        return (type(self).__name__, type(self).__module__), args, kwargs
    
    def __repr__(self):
        return "RopeSimulationObject(%s, numpy.array([[...]]), RopeParams(...), dynamic=%r, upsample=%i, upsample_rad=%i)" % (self.name, self.dynamic, self.upsample, self.upsample_rad)
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Class inheritance diagram
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Submodules





lfd.transfer.planning module



		
lfd.transfer.planning.joint_fit_tps_follow_finger_pts_traj(robot, manip_name, flr2finger_link, flr2finger_rel_pts, flr2finger_pts_traj, old_traj, f, closing_pts=None, no_collision_cost_first=False, use_collision_cost=True, start_fixed=False, joint_vel_limits=None, alpha=1000000.0, beta_pos=1000000.0, gamma=1000.0)[source]


		






		
lfd.transfer.planning.joint_fit_tps_follow_finger_pts_trajs(robot, manip_name, flr2finger_link_names, flr2finger_rel_pts, flr2old_finger_pts_trajs, old_traj, f, closing_pts=None, no_collision_cost_first=False, use_collision_cost=True, start_fixed=False, joint_vel_limits=None, alpha=1000000.0, beta_pos=1000000.0, gamma=1000.0)[source]


		






		
lfd.transfer.planning.plan_follow_finger_pts_traj(robot, manip_name, flr2finger_link, flr2finger_rel_pts, flr2finger_pts_traj, old_traj, no_collision_cost_first=False, use_collision_cost=True, start_fixed=False, joint_vel_limits=None, beta_pos=1000000.0, gamma=1000.0)[source]


		






		
lfd.transfer.planning.plan_follow_finger_pts_trajs(robot, manip_name, flr2finger_link_names, flr2finger_rel_pts, flr2finger_pts_trajs, old_traj, no_collision_cost_first=False, use_collision_cost=True, start_fixed=False, joint_vel_limits=None, beta_pos=1000000.0, gamma=1000.0)[source]


		






		
lfd.transfer.planning.plan_follow_traj(robot, manip_name, ee_link, new_hmats, old_traj, no_collision_cost_first=False, use_collision_cost=True, start_fixed=False, joint_vel_limits=None, beta_pos=1000000.0, beta_rot=100.0, gamma=1000.0)[source]


		






		
lfd.transfer.planning.plan_follow_trajs(robot, manip_name, ee_link_names, ee_trajs, old_traj, no_collision_cost_first=False, use_collision_cost=True, start_fixed=False, joint_vel_limits=None, beta_pos=1000000.0, beta_rot=100.0, gamma=1000.0)[source]


		








lfd.transfer.registration_transfer module



		
class lfd.transfer.registration_transfer.RegistrationAndTrajectoryTransferer(registration_factory, trajectory_transferer)[source]


		Bases: object



		
transfer(demo, test_scene_state, callback=None, args=(), plotting=False)[source]


		Registers demonstration scene onto the test scene and uses this registration to transfer the demonstration trajectory






		Parameters:		
		demo – Demonstration that has the demonstration scene and the trajectory to transfer


		test_scene_state – SceneState of the test scene









		Returns:		The transferred Trajectory























		
class lfd.transfer.registration_transfer.TwoStepRegistrationAndTrajectoryTransferer(registration_factory, trajectory_transferer)[source]


		Bases: lfd.transfer.registration_transfer.RegistrationAndTrajectoryTransferer



		
transfer(demo, test_scene_state, callback=None, args=(), plotting=False)[source]


		












		
class lfd.transfer.registration_transfer.UnifiedRegistrationAndTrajectoryTransferer(registration_factory, trajectory_transferer, alpha=1000000.0, beta_pos=1000000.0, gamma=1000.0, use_collision_cost=True, init_trajectory_transferer=None)[source]


		Bases: lfd.transfer.registration_transfer.RegistrationAndTrajectoryTransferer



		
transfer(demo, test_scene_state, callback=None, args=(), plotting=False)[source]


		














lfd.transfer.settings module



		
lfd.transfer.settings.ALPHA = 1000000.0


		TPS objective coefficient in unified trajectory optimization









		
lfd.transfer.settings.BETA_POS = 1000000.0


		pose position or finger position objective coefficient in trajectory optimization









		
lfd.transfer.settings.BETA_ROT = 100.0


		pose rotation objective coefficient in trajectory optimization









		
lfd.transfer.settings.FINGER_CLOSE_RATE = 0.1


		






		
lfd.transfer.settings.GAMMA = 1000.0


		joint velocity objective coefficient in trajectory optimization









		
lfd.transfer.settings.JOINT_LENGTH_PER_STEP = 0.1


		






		
lfd.transfer.settings.USE_COLLISION_COST = True


		whether to use collision cost in trajectory optimization











lfd.transfer.transfer module



		
class lfd.transfer.transfer.FingerTrajectoryTransferer(sim, beta_pos=1000000.0, gamma=1000.0, use_collision_cost=True, init_trajectory_transferer=None)[source]


		Bases: lfd.transfer.transfer.TrajectoryTransferer



		
transfer(reg, demo, plotting=False)[source]


		












		
class lfd.transfer.transfer.PoseTrajectoryTransferer(sim, beta_pos=1000000.0, beta_rot=100.0, gamma=1000.0, use_collision_cost=True, init_trajectory_transferer=None)[source]


		Bases: lfd.transfer.transfer.TrajectoryTransferer



		
transfer(reg, demo, plotting=False)[source]


		












		
class lfd.transfer.transfer.TrajectoryTransferer(sim, beta_pos=1000000.0, gamma=1000.0, use_collision_cost=True, init_trajectory_transferer=None)[source]


		Bases: object



		
transfer(reg, demo, plotting=False)[source]


		Transfers demonstration trajectory using the given registration






		Parameters:		
		reg – Registration of the demonstration scene onto the test scene


		demo – Demonstration that has the trajectory to transfer


		plotting – if True, visualization is plotted. The color convention is as follows:
Red:    demonstration
Yellow: resampled demonstration
Green:  transformed resampled demonstration
Blue:   test









		Returns:		The transferred AugmentedTrajectory
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  Source code for lfd.action_selection

from __future__ import division

import numpy as np

from lfd.environment import simulation_object
from lfd.mmqe.search import beam_search
from lfd.rapprentice.knot_classifier import isKnot as is_knot


[docs]class ActionSelection(object):
    def __init__(self, registration_factory):
        """Inits ActionSelection

        Args:
            registration_factory: RegistrationFactory
        """
        self.registration_factory = registration_factory

[docs]    def plan_agenda(self, scene_state):
        """Plans an agenda of demonstrations for the given scene_state

        Args:
            scene_state: SceneState of the scene for which the agenda is returned

        Returns:
            An agenda, which is a list of demonstration names, and a list of the values of the respective demonstrations
        """
        raise NotImplementedError



[docs]class GreedyActionSelection(ActionSelection):
[docs]    def plan_agenda(self, scene_state, timestep):
        action2q_value = self.registration_factory.batch_cost(scene_state)
        q_values, agenda = zip(*sorted([(q_value, action) for (action, q_value) in action2q_value.items()]))
        # Return false for goal not found
        return (agenda, q_values), False



[docs]class FeatureActionSelection(ActionSelection):
    def __init__(self, registration_factory, features, actions, demos,
                 width, depth, simulator=None, lfd_env=None):
        self.features = features
        self.actions = actions.keys()
#        self.features.set_name2ind(self.actions)
        self.demos = demos
        self.width = width
        self.depth = depth
        self.transferer = simulator
        self.lfd_env = lfd_env
        super(FeatureActionSelection, self).__init__(registration_factory)

[docs]    def plan_agenda(self, scene_state, timestep):
        def evaluator(state, ts):
            try:
                score = np.dot(self.features.features(state, timestep=ts), self.features.weights) + self.features.w0
            except:
                return -np.inf*np.r_[np.ones(len(self.features.weights))]
            # if np.max(score) > -.2:
            #     import ipdb; ipdb.set_trace()
            return score

        def simulate_transfer(state, action, next_state_id):
            aug_traj=self.transferer.transfer(self.demos[action], state, plotting=False)
            self.lfd_env.execute_augmented_trajectory(aug_traj, step_viewer=0)
            result_state = self.lfd_env.observe_scene()

            # Get the rope simulation object and determine if it's a knot
            for sim_obj in self.lfd_env.sim.sim_objs:
                if isinstance(sim_obj, simulation_object.RopeSimulationObject):
                    rope_sim_obj = sim_obj
                    break
            rope_knot = is_knot(rope_sim_obj.rope.GetControlPoints())
            return (result_state, next_state_id, rope_knot)

        return beam_search(scene_state, timestep, self.features.src_ctx.seg_names, simulate_transfer,
                           evaluator, self.lfd_env.sim, width=self.width,
                           depth=self.depth)
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Submodules





lfd.action_selection module



		
class lfd.action_selection.ActionSelection(registration_factory)[source]


		Bases: object



		
plan_agenda(scene_state)[source]


		Plans an agenda of demonstrations for the given scene_state






		Parameters:		scene_state – SceneState of the scene for which the agenda is returned



		Returns:		An agenda, which is a list of demonstration names, and a list of the values of the respective demonstrations




















		
class lfd.action_selection.FeatureActionSelection(registration_factory, features, actions, demos, width, depth, simulator=None, lfd_env=None)[source]


		Bases: lfd.action_selection.ActionSelection



		
plan_agenda(scene_state, timestep)[source]


		












		
class lfd.action_selection.GreedyActionSelection(registration_factory)[source]


		Bases: lfd.action_selection.ActionSelection



		
plan_agenda(scene_state, timestep)[source]


		














lfd.settings module



		
lfd.settings.DEBUG = False
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  Source code for lfd.environment.robot_world

from __future__ import division

from lfd.rapprentice.yes_or_no import yes_or_no
from lfd.demonstration import demonstration
try:
    from lfd.rapprentice import pr2_trajectories
except:
    print "Couldn't import ros stuff"

[docs]class RobotWorld(object):
    def __init__(self):
        raise NotImplementedError
    
[docs]    def observe_cloud(self):
        raise NotImplementedError
    

[docs]    def open_gripper(self):
        raise NotImplementedError
    

[docs]    def close_gripper(self):
        raise NotImplementedError
    

[docs]    def execute_trajectory(self):
        raise NotImplementedError



[docs]class RealRobotWorld(RobotWorld):
    def __init__(self, pr2):
        self.pr2 = pr2
        self.robot = pr2.robot
        self.env = pr2.env
    
[docs]    def observe_cloud(self):
        raise NotImplementedError
    

[docs]    def open_gripper(self, lr, target_val=0.54800022, step_viewer=0):
        gripper = {"l":self.pr2.lgrip, "r":self.pr2.rgrip}[lr]
        gripper.set_angle(target_val)
        self.pr2.join_all()
    

[docs]    def close_gripper(self, lr, step_viewer=0):
        gripper = {"l":self.pr2.lgrip, "r":self.pr2.rgrip}[lr]
        gripper.set_angle(0.0)
    
        self.pr2.join_all()

[docs]    def execute_trajectory(self, full_traj, prompt=False, step_viewer=0, interactive=False, sim_callback=None):
        if not prompt or yes_or_no("execute?"):
            # TODO consider finger trajectory
            aug_traj = demonstration.AugmentedTrajectory.create_from_full_traj(self.pr2.robot, full_traj)
            bodypart2traj = {}
            for lr, arm_traj in aug_traj.lr2arm_traj.items():
                part_name = {"l":"larm", "r":"rarm"}[lr]
                bodypart2traj[part_name] = arm_traj
            pr2_trajectories.follow_body_traj(self.pr2, bodypart2traj, speed_factor=0.5)
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  Source code for lfd.environment.sim_util

# Contains useful functions for PR2 rope tying simulation
# The purpose of this class is to eventually consolidate
# the various instantiations of do_task_eval.py

import bulletsimpy
import openravepy
import numpy as np
from numpy import asarray
import re
import random

from lfd.rapprentice import animate_traj, ropesim, math_utils as mu, plotting_openrave
from lfd.util import util
import settings
PR2_L_POSTURES = dict(
    untucked = [0.4,  1.0,   0.0,  -2.05,  0.0,  -0.1,  0.0],
    tucked = [0.06, 1.25, 1.79, -1.68, -1.73, -0.10, -0.09],
    up = [ 0.33, -0.35,  2.59, -0.15,  0.59, -1.41, -0.27],
    side = [  1.832,  -0.332,   1.011,  -1.437,   1.1  ,  -2.106,  3.074]
)

[docs]class RopeState(object):
    def __init__(self, init_rope_nodes, rope_params, tfs=None):
        self.init_rope_nodes = init_rope_nodes
        self.rope_params = rope_params
        self.tfs = tfs


[docs]class RopeParams(object):
    def __init__(self):
        self.radius       = settings.ROPE_RADIUS
        self.angStiffness = settings.ROPE_ANG_STIFFNESS
        self.angDamping   = settings.ROPE_ANG_DAMPING
        self.linDamping   = settings.ROPE_LIN_DAMPING
        self.angLimit     = settings.ROPE_ANG_LIMIT
        self.linStopErp   = settings.ROPE_LIN_STOP_ERP
        self.mass         = settings.ROPE_MASS

    def __eq__(self, other):
        if isinstance(other, self.__class__):
            return self.__dict__ == other.__dict__
        else:
            return False
    
    def __ne__(self, other):
        return not self.__eq__(other)


[docs]class SceneState(object):
    ids = set()
    def __init__(self, cloud, rope_nodes, rope_state, id=None, color=None):
        self.cloud = cloud
        self.color = color
        self.rope_nodes = rope_nodes
        self.rope_state = rope_state
        if id is None:
            self.id = SceneState.get_unique_id()
        else:
            self.id = id
    
    @staticmethod
[docs]    def get_unique_id():
        id = len(SceneState.ids)
        assert id not in SceneState.ids
        SceneState.ids.add(id)
        return id



[docs]def make_table_xml(translation, extents):
    xml = """
<LfdEnvironment>
  <KinBody name="table">
    <Body type="static" name="table_link">
      <Geom type="box">
        <Translation>%f %f %f</Translation>
        <extents>%f %f %f</extents>
        <diffuseColor>.96 .87 .70</diffuseColor>
      </Geom>
    </Body>
  </KinBody>
</LfdEnvironment>
""" % (translation[0], translation[1], translation[2], extents[0], extents[1], extents[2])
    return xml


[docs]def make_box_xml(name, translation, extents):
    xml = """
<LfdEnvironment>
  <KinBody name="%s">
    <Body type="dynamic" name="%s_link">
      <Translation>%f %f %f</Translation>
      <Geom type="box">
        <extents>%f %f %f</extents>
      </Geom>
    </Body>
  </KinBody>
</LfdEnvironment>
""" % (name, name, translation[0], translation[1], translation[2], extents[0], extents[1], extents[2])
    return xml


[docs]def make_cylinder_xml(name, translation, radius, height):
    xml = """
<LfdEnvironment>
  <KinBody name="%s">
    <Body type="dynamic" name="%s_link">
      <Translation>%f %f %f</Translation>
      <Geom type="cylinder">
        <rotationaxis>1 0 0 90</rotationaxis>
        <radius>%f</radius>
        <height>%f</height>
      </Geom>
    </Body>
  </KinBody>
</LfdEnvironment>
""" % (name, name, translation[0], translation[1], translation[2], radius, height)
    return xml


[docs]def reset_arms_to_side(sim_env):
    sim_env.robot.SetDOFValues(PR2_L_POSTURES["side"],
                               sim_env.robot.GetManipulator("leftarm").GetArmIndices())
    #actionfile = None
    sim_env.robot.SetDOFValues(mirror_arm_joints(PR2_L_POSTURES["side"]),
                               sim_env.robot.GetManipulator("rightarm").GetArmIndices())
    open_angle = get_binary_gripper_angle(True)
    for lr in 'lr':
        joint_ind = sim_env.robot.GetJoint("%s_gripper_l_finger_joint"%lr).GetDOFIndex()
        start_val = sim_env.robot.GetDOFValues([joint_ind])[0]
        sim_env.robot.SetDOFValues([open_angle], [joint_ind])


[docs]def arm_moved(joint_traj):    
    if len(joint_traj) < 2: return False
    return ((joint_traj[1:] - joint_traj[:-1]).ptp(axis=0) > .01).any()


[docs]def split_trajectory_by_gripper(seg_info):
    rgrip = asarray(seg_info["r_gripper_joint"])
    lgrip = asarray(seg_info["l_gripper_joint"])

    n_steps = len(lgrip)

    # indices BEFORE transition occurs
    l_openings = np.flatnonzero((lgrip[1:] >= settings.GRIPPER_OPEN_CLOSE_THRESH) & (lgrip[:-1] < settings.GRIPPER_OPEN_CLOSE_THRESH))
    r_openings = np.flatnonzero((rgrip[1:] >= settings.GRIPPER_OPEN_CLOSE_THRESH) & (rgrip[:-1] < settings.GRIPPER_OPEN_CLOSE_THRESH))
    l_closings = np.flatnonzero((lgrip[1:] < settings.GRIPPER_OPEN_CLOSE_THRESH) & (lgrip[:-1] >= settings.GRIPPER_OPEN_CLOSE_THRESH))
    r_closings = np.flatnonzero((rgrip[1:] < settings.GRIPPER_OPEN_CLOSE_THRESH) & (rgrip[:-1] >= settings.GRIPPER_OPEN_CLOSE_THRESH))

    before_transitions = np.r_[l_openings, r_openings, l_closings, r_closings]
    after_transitions = before_transitions+1
    seg_starts = np.unique(np.r_[0, after_transitions])
    seg_ends = np.unique(np.r_[before_transitions, n_steps-1])

    return seg_starts, seg_ends


[docs]def split_trajectory_by_lr_gripper(seg_info, lr):
    grip = asarray(seg_info["%s_gripper_joint"%lr])

    n_steps = len(grip)

    # indices BEFORE transition occurs
    openings = np.flatnonzero((grip[1:] >= settings.GRIPPER_OPEN_CLOSE_THRESH) & (grip[:-1] < settings.GRIPPER_OPEN_CLOSE_THRESH))
    closings = np.flatnonzero((grip[1:] < settings.GRIPPER_OPEN_CLOSE_THRESH) & (grip[:-1] >= settings.GRIPPER_OPEN_CLOSE_THRESH))

    before_transitions = np.r_[openings, closings]
    after_transitions = before_transitions+1
    seg_starts = np.unique(np.r_[0, after_transitions])
    seg_ends = np.unique(np.r_[before_transitions, n_steps-1])

    return seg_starts, seg_ends


[docs]def get_opening_closing_inds(finger_traj):
    
    mult = 5.0
    GRIPPER_L_FINGER_OPEN_CLOSE_THRESH = mult * settings.GRIPPER_OPEN_CLOSE_THRESH

    # indices BEFORE transition occurs
    opening_inds = np.flatnonzero((finger_traj[1:] >= GRIPPER_L_FINGER_OPEN_CLOSE_THRESH) & (finger_traj[:-1] < GRIPPER_L_FINGER_OPEN_CLOSE_THRESH))
    closing_inds = np.flatnonzero((finger_traj[1:] < GRIPPER_L_FINGER_OPEN_CLOSE_THRESH) & (finger_traj[:-1] >= GRIPPER_L_FINGER_OPEN_CLOSE_THRESH))
    
    return opening_inds, closing_inds


[docs]def gripper_joint2gripper_l_finger_joint_values(gripper_joint_vals):
    """
    Only the %s_gripper_l_finger_joint%lr can be controlled (this is the joint returned by robot.GetManipulator({"l":"leftarm", "r":"rightarm"}[lr]).GetGripperIndices())
    The rest of the gripper joints (like %s_gripper_joint%lr) are mimiced and cannot be controlled directly
    """
    mult = 5.0
    gripper_l_finger_joint_vals = mult * gripper_joint_vals
    return gripper_l_finger_joint_vals


[docs]def binarize_gripper(angle):
    return angle > settings.GRIPPER_OPEN_CLOSE_THRESH


[docs]def get_binary_gripper_angle(open):
    mult = 5
    open_angle = .08 * mult
    closed_angle = .015 * mult
    return open_angle if open else closed_angle


[docs]def set_gripper_maybesim(sim_env, lr, is_open, prev_is_open, animate=False):
    target_val = get_binary_gripper_angle(is_open)
    
    # release constraints if necessary
    if is_open and not prev_is_open:
        sim_env.sim.release_rope(lr)
        print "DONE RELEASING"

    # execute gripper open/close trajectory
    joint_ind = sim_env.robot.GetJoint("%s_gripper_l_finger_joint"%lr).GetDOFIndex()
    start_val = sim_env.robot.GetDOFValues([joint_ind])[0]
    joint_traj = np.linspace(start_val, target_val, np.ceil(abs(target_val - start_val) / .02))
    for val in joint_traj:
        sim_env.robot.SetDOFValues([val], [joint_ind])
        sim_env.step()
#         if args.animation:
#                sim_env.viewer.Step()
#             if args.interactive: sim_env.viewer.Idle()
    # add constraints if necessary
    if animate:
        sim_env.viewer.Step()
    if not is_open and prev_is_open:
        if not sim_env.sim.grab_rope(lr):
            return False

    return True


[docs]def mirror_arm_joints(x):
    "mirror image of joints (r->l or l->r)"
    return np.r_[-x[0],x[1],-x[2],x[3],-x[4],x[5],-x[6]]


[docs]def unwrap_arm_traj_in_place(traj):
    assert traj.shape[1] == 7
    for i in [2,4,6]:
        traj[:,i] = np.unwrap(traj[:,i])
    return traj


[docs]def unwrap_in_place(t, dof_inds=None):
    if dof_inds is not None:
        unwrap_inds = [dof_inds.index(dof_ind) for dof_ind in [17, 19, 21, 29, 31, 33] if dof_ind in dof_inds]
        for i in unwrap_inds:
            t[:,i] = np.unwrap(t[:,i])
    else:
        # TODO: do something smarter than just checking shape[1]
        if t.shape[1] == 7:
            unwrap_arm_traj_in_place(t)
        elif t.shape[1] == 14:
            unwrap_arm_traj_in_place(t[:,:7])
            unwrap_arm_traj_in_place(t[:,7:])
        else:
            raise NotImplementedError


[docs]def dof_inds_from_name(robot, name):
    dof_inds = []
    for component in name.split('+'):
        if robot.GetManipulator(component) is not None:
            dof_inds.extend(robot.GetManipulator(component).GetArmIndices())
        elif robot.GetJoint(component) is not None:
            dof_inds.append(robot.GetJoint(component).GetDOFIndex())
        else:
            raise NotImplementedError, "error in reading manip description: %s must be a manipulator or link"%component 
    return dof_inds


[docs]def sim_traj_maybesim(sim_env, lr2traj, animate=False, interactive=False, max_cart_vel_trans_traj=.05):
    full_traj = get_full_traj(sim_env, lr2traj)
    return sim_full_traj_maybesim(sim_env, full_traj, animate=animate, interactive=interactive, max_cart_vel_trans_traj=max_cart_vel_trans_traj)


[docs]def sim_full_traj_maybesim(sim_env, full_traj, animate=False, interactive=False, max_cart_vel_trans_traj=.05):
    def sim_callback(i):
        sim_env.step()

    animate_speed = 20 if animate else 0

    traj, dof_inds = full_traj
    
    # clip finger joint angles to the binary gripper angles if necessary
    for lr in 'lr':
        joint_ind = sim_env.robot.GetJoint("%s_gripper_l_finger_joint"%lr).GetDOFIndex()
        if joint_ind in dof_inds:
            ind = dof_inds.index(joint_ind)
            traj[:,ind] = np.minimum(traj[:,ind], get_binary_gripper_angle(True))
            traj[:,ind] = np.maximum(traj[:,ind], get_binary_gripper_angle(False))
    
    # in simulation mode, we must make sure to gradually move to the new starting position
    sim_env.robot.SetActiveDOFs(dof_inds)
    curr_vals = sim_env.robot.GetActiveDOFValues()
    transition_traj = np.r_[[curr_vals], [traj[0]]]
    unwrap_in_place(transition_traj, dof_inds=dof_inds)
    transition_traj = ropesim.retime_traj(sim_env.robot, dof_inds, transition_traj, max_cart_vel=max_cart_vel_trans_traj)
    animate_traj.animate_traj(transition_traj, sim_env.robot, restore=False, pause=interactive,
        callback=sim_callback, step_viewer=animate_speed)
    
    traj[0] = transition_traj[-1]
    unwrap_in_place(traj, dof_inds=dof_inds)
    traj = ropesim.retime_traj(sim_env.robot, dof_inds, traj) # make the trajectory slow enough for the simulation

    valid_inds = grippers_exceed_rope_length(sim_env, (traj, dof_inds), 0.05)
    min_gripper_dist = [np.inf] # minimum distance between gripper when the rope capsules are too far apart
    def is_rope_pulled_too_tight(i_step):
        if valid_inds is None or valid_inds[i_step]: # gripper is not holding the rope or the grippers are not that far apart
            return True
        rope = sim_env.sim.rope
        trans = rope.GetTranslations()
        hhs = rope.GetHalfHeights()
        rots = rope.GetRotations()
        fwd_pts = (trans + hhs[:,None]*rots[:,:3,0])
        bkwd_pts = (trans - hhs[:,None]*rots[:,:3,0])
        pts_dists = np.apply_along_axis(np.linalg.norm, 1, fwd_pts[:-1] - bkwd_pts[1:])[:,None] # these should all be zero if the rope constraints are satisfied
        if np.any(pts_dists > sim_env.sim.rope_params.radius):
            if i_step == 0:
                return True
            ee_trajs = {}
            for lr in 'lr':
                ee_trajs[lr] = get_ee_traj(sim_env, lr, (traj[i_step-1:i_step+1], dof_inds), ee_link_name_fmt="%s_gripper_l_finger_tip_link")
            min_gripper_dist[0] = min(min_gripper_dist[0], np.linalg.norm(ee_trajs['r'][0,:3,3] - ee_trajs['l'][0,:3,3]))
            grippers_moved_closer = np.linalg.norm(ee_trajs['r'][1,:3,3] - ee_trajs['l'][1,:3,3]) < min_gripper_dist[0]
            return grippers_moved_closer
        return True
    animate_traj.animate_traj(traj, sim_env.robot, restore=False, pause=interactive,
        callback=sim_callback, step_viewer=animate_speed, execute_step_cond=is_rope_pulled_too_tight)
    if min_gripper_dist[0] != np.inf:
        util.yellowprint("Some steps of the trajectory were not executed because the gripper was pulling the rope too tight.")
    if animate:
        sim_env.viewer.Step()
    return True


[docs]def get_full_traj(robot, lr2arm_traj, lr2finger_traj = {}):
    """
    A full trajectory is a tuple of a trajectory (np matrix) and dof indices (list)
    """
    trajs = []
    dof_inds = []
    if len(lr2arm_traj) > 0:
        for (lr, arm_traj) in lr2arm_traj.items():
            manip_name = {"l":"leftarm", "r":"rightarm"}[lr]
            trajs.append(arm_traj)
            dof_inds.extend(robot.GetManipulator(manip_name).GetArmIndices())
    if len(lr2finger_traj) > 0:
        for (lr, finger_traj) in lr2finger_traj.items():
            trajs.append(finger_traj)
            dof_inds.append(robot.GetJointIndex("%s_gripper_l_finger_joint"%lr))
    if len(trajs) > 0:
        full_traj = (np.concatenate(trajs, axis=1), dof_inds)
    else:
        full_traj = (np.zeros((0,0)), [])
    return full_traj


[docs]def merge_full_trajs(full_trajs):
    trajs = []
    dof_inds = []
    if len(full_trajs) > 0:
        for full_traj in full_trajs:
            trajs.append(full_traj[0])
            dof_inds.extend(full_traj[1])
        n_steps = np.max([len(traj) for traj in trajs])
        for i, traj in enumerate(trajs):
            if len(traj) < n_steps:
                trajs[i] = np.r_[traj, np.tile(traj[-1], (n_steps-len(traj),1))]
        full_traj = (np.concatenate(trajs, axis=1), dof_inds)
    else:
        full_traj = (np.zeros((0,0)), [])
    return full_traj


[docs]def get_ee_traj(robot, lr, arm_traj_or_full_traj, ee_link_name_fmt="%s_gripper_tool_frame"):
    manip_name = {"l":"leftarm", "r":"rightarm"}[lr]
    ee_link_name = ee_link_name_fmt%lr
    ee_link = robot.GetLink(ee_link_name)
    if type(arm_traj_or_full_traj) == tuple: # it is a full_traj
        full_traj = arm_traj_or_full_traj
        traj = full_traj[0]
        dof_inds = full_traj[1]
    else:
        arm_traj = arm_traj_or_full_traj
        traj = arm_traj
        dof_inds = robot.GetManipulator(manip_name).GetArmIndices()
    ee_traj = []
    with openravepy.RobotStateSaver(robot):
        for i_step in range(traj.shape[0]):
            robot.SetDOFValues(traj[i_step], dof_inds)
            ee_traj.append(ee_link.GetTransform())
    return np.array(ee_traj)


[docs]def get_finger_rel_pts(finger_lr):
    left_rel_pts = np.array([[.027,-.016, .01], [-.002,-.016, .01], 
                             [-.002,-.016,-.01], [.027,-.016,-.01]])
    if finger_lr == 'l':
        return left_rel_pts
    else:
        rot_x_180 = np.diag([1,-1,-1])
        return left_rel_pts.dot(rot_x_180.T)


[docs]def get_finger_pts_traj(robot, lr, full_traj_or_ee_finger_traj):
    """
    ee_traj = sim_util.get_ee_traj(robot, lr, arm_traj)
    flr2finger_pts_traj1 = get_finger_pts_traj(robot, lr, (ee_traj, finger_traj))
    
    full_traj = sim_util.get_full_traj(robot, {lr:arm_traj}, {lr:finger_traj})
    flr2finger_pts_traj2 = get_finger_pts_traj(robot, lr, full_traj)
    """
    flr2finger_pts_traj = {}
    assert type(full_traj_or_ee_finger_traj) == tuple
    if full_traj_or_ee_finger_traj[0].ndim == 3:
        ee_traj, finger_traj = full_traj_or_ee_finger_traj
        assert len(ee_traj) == len(finger_traj)
        for finger_lr in 'lr':
            gripper_full_traj = get_full_traj(robot, {}, {lr:finger_traj})
            rel_ee_traj = get_ee_traj(robot, lr, gripper_full_traj)
            rel_finger_traj = get_ee_traj(robot, lr, gripper_full_traj, ee_link_name_fmt="%s"+"_gripper_%s_finger_tip_link"%finger_lr)
            
            flr2finger_pts_traj[finger_lr] = []
            for (world_from_ee, world_from_rel_ee, world_from_rel_finger) in zip(ee_traj, rel_ee_traj, rel_finger_traj):
                ee_from_finger = mu.invertHmat(world_from_rel_ee).dot(world_from_rel_finger)
                world_from_finger = world_from_ee.dot(ee_from_finger)
                finger_pts = world_from_finger[:3,3] + get_finger_rel_pts(finger_lr).dot(world_from_finger[:3,:3].T)
                flr2finger_pts_traj[finger_lr].append(finger_pts)
            flr2finger_pts_traj[finger_lr] = np.asarray(flr2finger_pts_traj[finger_lr])
    else:
        full_traj = full_traj_or_ee_finger_traj
        for finger_lr in 'lr':
            finger_traj = get_ee_traj(robot, lr, full_traj, ee_link_name_fmt="%s"+"_gripper_%s_finger_tip_link"%finger_lr)
            flr2finger_pts_traj[finger_lr] = []
            for world_from_finger in finger_traj:
                flr2finger_pts_traj[finger_lr].append(world_from_finger[:3,3] + get_finger_rel_pts(finger_lr).dot(world_from_finger[:3,:3].T))
            flr2finger_pts_traj[finger_lr] = np.asarray(flr2finger_pts_traj[finger_lr])
    return flr2finger_pts_traj


[docs]def grippers_exceed_rope_length(sim_env, full_traj, thresh):
    """
    Let min_length be the minimun length of the rope between the parts being held by the left and right gripper.
    This function returns a mask of the trajectory steps in which the distance between the grippers doesn't exceed min_length-thresh.
    If not both of the grippers are holding the rope, this function return None.
    """
    if sim_env.constraints['l'] and sim_env.constraints['r']:
        ee_trajs = {}
        for lr in 'lr':
            ee_trajs[lr] = get_ee_traj(sim_env.robot, lr, full_traj, ee_link_name_fmt="%s_gripper_l_finger_tip_link")
        min_length = np.inf
        raise NameError('Hello')
        hs = sim_env.sim.rope.GetHalfHeights()
        rope_links = sim_env.sim.rope.GetKinBody().GetLinks()
        for l_rope_link in sim_env.constraints_links['l']:
            if l_rope_link not in rope_links:
                continue
            for r_rope_link in sim_env.constraints_links['r']:
                if r_rope_link not in rope_links:
                    continue
                i_cnt_l = rope_links.index(l_rope_link)
                i_cnt_r = rope_links.index(r_rope_link)
                if i_cnt_l > i_cnt_r:
                    i_cnt_l, i_cnt_r = i_cnt_r, i_cnt_l
                min_length = min(min_length, 2*hs[i_cnt_l+1:i_cnt_r].sum() + hs[i_cnt_l] + hs[i_cnt_r])
        valid_inds = np.apply_along_axis(np.linalg.norm, 1, (ee_trajs['r'][:,:3,3] - ee_trajs['l'][:,:3,3])) < min_length - thresh
        return valid_inds
    else:
        return None


[docs]def remove_tight_rope_pull(sim_env, full_traj):
    if sim_env.constraints['l'] and sim_env.constraints['r']:
        ee_trajs = {}
        for lr in 'lr':
            ee_trajs[lr] = get_ee_traj(sim_env, lr, full_traj, ee_link_name_fmt="%s_gripper_l_finger_tip_link")
        min_length = np.inf
        hs = sim_env.sim.rope.GetHalfHeights()
        rope_links = sim_env.sim.rope.GetKinBody().GetLinks()
        for l_rope_link in sim_env.constraints_links['l']:
            if l_rope_link not in rope_links:
                continue
            for r_rope_link in sim_env.constraints_links['r']:
                if r_rope_link not in rope_links:
                    continue
                i_cnt_l = rope_links.index(l_rope_link)
                i_cnt_r = rope_links.index(r_rope_link)
                if i_cnt_l > i_cnt_r:
                    i_cnt_l, i_cnt_r = i_cnt_r, i_cnt_l
                min_length = min(min_length, 2*hs[i_cnt_l+1:i_cnt_r].sum() + hs[i_cnt_l] + hs[i_cnt_r])
        valid_inds = np.apply_along_axis(np.linalg.norm, 1, (ee_trajs['r'][:,:3,3] - ee_trajs['l'][:,:3,3])) < min_length - 0.02
        if not np.all(valid_inds):
            full_traj = (full_traj[0][valid_inds,:], full_traj[1])
            util.yellowprint("The grippers of the trajectory goes too far apart. Some steps of the trajectory are being removed.")
    return full_traj


[docs]def load_random_start_segment(demofile):
    start_keys = [k for k in demofile.keys() if k.startswith('demo') and k.endswith('00')]
    seg_name = random.choice(start_keys)
    return demofile[seg_name]['cloud_xyz'][:,:3]


[docs]def load_fake_data_segment(demofile, fake_data_segment, fake_data_transform):
    fake_seg = demofile[fake_data_segment]
    new_xyz = np.squeeze(fake_seg["cloud_xyz"])[:,:3]
    hmat = openravepy.matrixFromAxisAngle(fake_data_transform[3:6])
    hmat[:3,3] = fake_data_transform[0:3]
    new_xyz = new_xyz.dot(hmat[:3,:3].T) + hmat[:3,3][None,:]
    joint_names = asarray(fake_seg["joint_states"]["name"])
    joint_values = asarray(fake_seg["joint_states"]["position"][0])
    return new_xyz, joint_names, joint_values


[docs]def unif_resample(traj, max_diff, wt = None):        
    """
    Resample a trajectory so steps have same length in joint space    
    """
    import scipy.interpolate as si
    tol = .005
    if wt is not None: 
        wt = np.atleast_2d(wt)
        traj = traj*wt
        
    dl = mu.norms(traj[1:] - traj[:-1],1)
    l = np.cumsum(np.r_[0,dl])
    goodinds = np.r_[True, dl > 1e-8]
    deg = min(3, sum(goodinds) - 1)
    if deg < 1: return traj, np.arange(len(traj))
    
    nsteps = max(int(np.ceil(float(l[-1])/max_diff)), 2)
    newl = np.linspace(0,l[-1],nsteps)

    ncols = traj.shape[1]
    colstep = 10
    traj_rs = np.empty((nsteps,ncols)) 
    for istart in xrange(0, traj.shape[1], colstep):
        (tck,_) = si.splprep(traj[goodinds, istart:istart+colstep].T,k=deg,s = tol**2*len(traj),u=l[goodinds])
        traj_rs[:,istart:istart+colstep] = np.array(si.splev(newl,tck)).T
    if wt is not None: traj_rs = traj_rs/wt

    newt = np.interp(newl, l, np.arange(len(traj)))

    return traj_rs, newt


[docs]def get_rope_transforms(sim_env):
    return (sim_env.sim.rope.GetTranslations(), sim_env.sim.rope.GetRotations())    


[docs]def replace_rope(new_rope, sim_env, rope_params, restore=False):
    """
    restore indicates if this function is being called to restore an existing rope, in which case the color of the rope is saved and restored
    """
    if sim_env.sim:
        for lr in 'lr':
            sim_env.sim.release_rope(lr)
    rope_kin_body = sim_env.env.GetKinBody('rope')
    geom_colors = []
    if restore:
        assert rope_kin_body is not None # the rope should already exist when restore is happening
        for link in rope_kin_body.GetLinks():
            for geom in link.GetGeometries():
                geom_colors.append(geom.GetDiffuseColor())
    if rope_kin_body:
        if sim_env.viewer:
            sim_env.viewer.RemoveKinBody(rope_kin_body)
    if sim_env.sim:
        del sim_env.sim
    sim_env.sim = ropesim.Simulation(sim_env.env, sim_env.robot, rope_params)
    sim_env.sim.create(new_rope)
    rope_kin_body = sim_env.env.GetKinBody('rope')
    if restore:
        assert len(geom_colors) == len(rope_kin_body.GetLinks()) # the old and new rope should have the same number of links when restore is happening
        for link in rope_kin_body.GetLinks():
            for geom in link.GetGeometries():
                geom.SetDiffuseColor(geom_colors.pop(0))


[docs]def set_rope_transforms(tfs, sim_env):
    sim_env.sim.rope.SetTranslations(tfs[0])
    sim_env.sim.rope.SetRotations(tfs[1])


[docs]def get_rope_params(params_id):
    rope_params = bulletsimpy.CapsuleRopeParams()
    rope_params.radius       = settings.ROPE_RADIUS
    rope_params.angStiffness = settings.ROPE_ANG_STIFFNESS
    rope_params.angDamping   = settings.ROPE_ANG_DAMPING
    rope_params.linDamping   = settings.ROPE_LIN_DAMPING
    rope_params.angLimit     = settings.ROPE_ANG_LIMIT
    rope_params.linStopErp   = settings.ROPE_LIN_STOP_ERP
    rope_params.mass         = settings.ROPE_MASS

    if params_id == 'default':
        pass
    elif params_id == 'thick':
        rope_params.radius = settings.ROPE_RADIUS_THICK
    elif params_id.startswith('stiffness'):
        try:
            stiffness = float(re.search(r'stiffness(.*)', params_id).group(1))
        except:
            raise RuntimeError("Invalid rope parameter id")
        rope_params.angStiffness = stiffness
    else:
        raise RuntimeError("Invalid rope parameter id")
    return rope_params


[docs]def tpsrpm_plot_cb(sim_env, x_nd, y_md, targ_Nd, corr_nm, wt_n, f):
    ypred_nd = f.transform_points(x_nd)
    handles = []
    handles.append(sim_env.env.plot3(ypred_nd, 3, (0,1,0,1)))
    handles.extend(plotting_openrave.draw_grid(sim_env.env, f.transform_points, x_nd.min(axis=0), x_nd.max(axis=0), xres = .1, yres = .1, zres = .04))
    if sim_env.viewer:
        sim_env.viewer.Step()


[docs]def draw_grid(sim_env, old_xyz, f, color = (1,1,0,1)):
    grid_means = .5 * (old_xyz.max(axis=0) + old_xyz.min(axis=0))
    grid_mins = grid_means - (old_xyz.max(axis=0) - old_xyz.min(axis=0))
    grid_maxs = grid_means + (old_xyz.max(axis=0) - old_xyz.min(axis=0))
    return plotting_openrave.draw_grid(sim_env.env, f.transform_points, grid_mins, grid_maxs, 
                                       xres = .1, yres = .1, zres = .04, color = color)


[docs]def draw_axis(sim_env, hmat, arrow_length=.1, arrow_width=0.005):
    handles = []
    handles.append(sim_env.env.drawarrow(hmat[:3,3], hmat[:3,3]+hmat[:3,0]*arrow_length, arrow_width, (1,0,0,1)))
    handles.append(sim_env.env.drawarrow(hmat[:3,3], hmat[:3,3]+hmat[:3,1]*arrow_length, arrow_width, (0,1,0,1)))
    handles.append(sim_env.env.drawarrow(hmat[:3,3], hmat[:3,3]+hmat[:3,2]*arrow_length, arrow_width, (0,0,1,1)))
    return handles


[docs]def draw_finger_pts_traj(sim_env, flr2finger_pts_traj, color):
    handles = []
    for finger_lr, pts_traj in flr2finger_pts_traj.items():
        for pts in pts_traj:
            handles.append(sim_env.env.drawlinestrip(np.r_[pts, pts[0][None,:]], 1, color))
    return handles
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Submodules





lfd.registration.plotting_openrave module



		
lfd.registration.plotting_openrave.registration_plot_cb(sim, x_nd, y_md, f)[source]


		








lfd.registration.registration module



		
class lfd.registration.registration.BatchGpuTpsRpmBijRegistrationFactory(demos, actionfile=None, n_iter=20, em_iter=1, reg_init=0.1, reg_final=0.0001, rad_init=0.01, rad_final=0.0001, rot_reg=<Mock id='140429266735888'>, outlierprior=0.1, outlierfrac=0.01, prior_fn=None, f_solver_factory=<lfd.registration.solver.GpuTpsSolverFactory object>, g_solver_factory=<lfd.registration.solver.GpuTpsSolverFactory object>)[source]


		Bases: lfd.registration.registration.TpsRpmBijRegistrationFactory


Similar to TpsRpmBijRegistrationFactory but batch_register and batch_cost are computed in batch using the GPU



		
batch_cost(test_scene_state)[source]


		






		
batch_register(test_scene_state)[source]


		












		
class lfd.registration.registration.BatchGpuTpsRpmRegistrationFactory(demos)[source]


		Bases: lfd.registration.registration.TpsRpmRegistrationFactory


Similar to TpsRpmRegistrationFactory but batch_register and batch_cost are computed in batch using the GPU



		
batch_cost(test_scene_state)[source]


		






		
batch_register(test_scene_state)[source]


		






		
cost(demo, test_scene_state)[source]


		






		
register(demo, test_scene_state, callback=None)[source]


		












		
class lfd.registration.registration.Registration(demo, test_scene_state, f, corr)[source]


		Bases: object



		
get_objective()[source]


		












		
class lfd.registration.registration.RegistrationFactory(demos=None)[source]


		Bases: object



		
batch_cost(test_scene_state)[source]


		Gets costs of every demonstration scene in demos registered onto
the test scene






		Returns:		A dict that maps from the demonstration names that are in demos
to the numpy.array of partial cost














		
batch_register(test_scene_state, callback=None, args=())[source]


		Registers every demonstration scene in demos onto the test scene






		Returns:		A dict that maps from the demonstration names that are in demos
to the Registration








Note


Derived classes might ignore the argument callback











		
cost(demo, test_scene_state)[source]


		Gets costs of registering the demonstration scene onto the
test scene






		Parameters:		
		demo – Demonstration which has the demonstration scene


		test_scene_state – SceneState of the test scene









		Returns:		A 1-dimensional numpy.array containing the partial costs used for
the registration; the sum of these is the objective used for the
registration. The exact definition of these partial costs is given
by the derived classes.

















		
register(demo, test_scene_state, callback=None, args=())[source]


		Registers demonstration scene onto the test scene






		Parameters:		
		demo – Demonstration which has the demonstration scene


		test_scene_state – SceneState of the test scene


		callback – callback function; the derived classes define the
arguments of the functoin









		Returns:		A Registration























		
class lfd.registration.registration.TpsL2Registration(demo, test_scene_state, f, corr)[source]


		Bases: lfd.registration.registration.Registration









		
class lfd.registration.registration.TpsL2RegistrationFactory(demos=None, n_iter=4, opt_iter=100, reg_init=0.1, reg_final=0.01, rad_init=0.1, rad_final=0.01, rot_reg=<Mock id='140429266736016'>)[source]


		Bases: lfd.registration.registration.RegistrationFactory


As in:


Bing Jian; Vemuri, B.C., “Robust Point Set Registration Using Gaussian Mixture Models,” Pattern Analysis and Machine Intelligence, IEEE Transactions on , vol.33, no.8, pp.1633,1645, Aug. 2011.


Tries to solve the optimization problem



[image: \begin{align*}
    & \min_f
        & d_{L2}(gmm(f(X), \sigma), gmm(Y))
        + \lambda Tr(A^\top K A)
        + Tr((B - I) R (B - I)) \\
    & \text{subject to}
        & X^\top A = 0, 1^\top A = 0 \\
\end{align*}]



where [image: d_{L2}] computes the L2 distance between two Gaussian mixture models.



		
cost(demo, test_scene_state)[source]


		






		
register(demo, test_scene_state, callback=None)[source]


		












		
class lfd.registration.registration.TpsRpmBijRegistration(demo, test_scene_state, f, g, corr, rad)[source]


		Bases: lfd.registration.registration.Registration



		
get_objective()[source]


		






		
static get_objective2(x_nd, y_md, f, g, corr_nm, rad)[source]


		Returns the following 10 objectives:



		[image: \frac{1}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} ||y_j - f(x_i)||_2^2]


		[image: \lambda Tr(A_f^\top K A_f)]


		[image: Tr((B_f - I) R (B_f - I))]


		[image: \frac{2T}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} \log m_{ij}]


		[image: -\frac{2T}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij}]


		[image: \frac{1}{m} \sum_{j=1}^m \sum_{i=1}^n m_{ij} ||x_i - g(y_j)||_2^2]


		[image: \lambda Tr(A_g^\top K A_g)]


		[image: Tr((B_g - I) R (B_g - I))]


		[image: \frac{2T}{m} \sum_{j=1}^m \sum_{i=1}^n m_{ij} \log m_{ij}]


		[image: -\frac{2T}{m} \sum_{j=1}^m \sum_{i=1}^n m_{ij}]


















		
class lfd.registration.registration.TpsRpmBijRegistrationFactory(demos=None, n_iter=20, em_iter=1, reg_init=0.1, reg_final=0.0001, rad_init=0.01, rad_final=0.0001, rot_reg=<Mock id='140429266735888'>, outlierprior=0.1, outlierfrac=0.01, prior_fn=None, f_solver_factory=<lfd.registration.solver.GpuTpsSolverFactory object>, g_solver_factory=<lfd.registration.solver.GpuTpsSolverFactory object>)[source]


		Bases: lfd.registration.registration.RegistrationFactory


As in:



		Schulman, J. Ho, C. Lee, and P. Abbeel, “Learning from Demonstrations through the Use of Non-Rigid Registration,” in Proceedings of the 16th International Symposium on Robotics Research (ISRR), 2013.





Tries to solve the optimization problem



[image: \begin{align*}
    & \min_{f, M}
        & \frac{1}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} ||y_j - f(x_i)||_2^2
        + \lambda Tr(A_f^\top K A_f)
        + Tr((B_f - I) R (B_f - I)) \\
        && + \frac{2T}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} \log m_{ij}
        - \frac{2T}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} \\
        && + \frac{1}{m} \sum_{j=1}^m \sum_{i=1}^n m_{ij} ||x_i - g(y_j)||_2^2
        + \lambda Tr(A_g^\top K A_g)
        + Tr((B_g - I) R (B_g - I)) \\
        && + \frac{2T}{m} \sum_{j=1}^m \sum_{i=1}^n m_{ij} \log m_{ij}
        - \frac{2T}{m} \sum_{j=1}^m \sum_{i=1}^n m_{ij} \\
    & \text{subject to}
        & X^\top A_f = 0, 1^\top A_f = 0 \\
        && Y^\top A_g = 0, 1^\top A_g = 0 \\
        && \sum_{i=1}^{n+1} m_{ij} = 1, \sum_{j=1}^{m+1} m_{ij} = 1, m_{ij} \geq 0 \\
\end{align*}]




		
cost(demo, test_scene_state)[source]


		Gets the costs of the forward and backward thin plate spline
objective of the resulting registration






		Parameters:		
		demo – Demonstration which has the demonstration scene


		test_scene_state – SceneState of the test scene









		Returns:		A 1-dimensional numpy.array containing the residual, bending and
rotation cost of the forward and backward spline, each already
premultiplied by the respective coefficients.

















		
register(demo, test_scene_state, callback=None, args=())[source]


		












		
class lfd.registration.registration.TpsRpmRegistration(demo, test_scene_state, f, corr, rad)[source]


		Bases: lfd.registration.registration.Registration



		
get_objective()[source]


		






		
static get_objective2(x_nd, y_md, f, corr_nm, rad)[source]


		Returns the following 5 objectives:



		[image: \frac{1}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} ||y_j - f(x_i)||_2^2]


		[image: \lambda Tr(A^\top K A)]


		[image: Tr((B - I) R (B - I))]


		[image: \frac{2T}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} \log m_{ij}]


		[image: -\frac{2T}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij}]


















		
class lfd.registration.registration.TpsRpmRegistrationFactory(demos=None, n_iter=20, em_iter=1, reg_init=0.1, reg_final=0.0001, rad_init=0.01, rad_final=0.0001, rot_reg=<Mock id='140429266735888'>, outlierprior=0.1, outlierfrac=0.01, prior_fn=None, f_solver_factory=<lfd.registration.solver.GpuTpsSolverFactory object>)[source]


		Bases: lfd.registration.registration.RegistrationFactory


As in:



		Chui and A. Rangarajan, “A new point matching algorithm for non-rigid registration,” Computer Vision and Image Understanding, vol. 89, no. 2, pp. 114-141, 2003.





Tries to solve the optimization problem



[image: \begin{align*}
    & \min_{f, M}
        & \frac{1}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} ||y_j - f(x_i)||_2^2
        + \lambda Tr(A^\top K A)
        + Tr((B - I) R (B - I)) \\
        && + \frac{2T}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} \log m_{ij}
        - \frac{2T}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} \\
    & \text{subject to}
        & X^\top A = 0, 1^\top A = 0 \\
        && \sum_{i=1}^{n+1} m_{ij} = 1, \sum_{j=1}^{m+1} m_{ij} = 1, m_{ij} \geq 0 \\
\end{align*}]




		
cost(demo, test_scene_state)[source]


		Gets the costs of the thin plate spline objective of the
resulting registration






		Parameters:		
		demo – Demonstration which has the demonstration scene


		test_scene_state – SceneState of the test scene









		Returns:		A 1-dimensional numpy.array containing the residual, bending and
rotation cost, each already premultiplied by the respective
coefficients.

















		
register(demo, test_scene_state, callback=None, args=())[source]


		












		
class lfd.registration.registration.TpsSegmentRegistrationFactory(demos)[source]


		Bases: lfd.registration.registration.RegistrationFactory



		
batch_cost(test_scene_state)[source]


		






		
batch_register(test_scene_state)[source]


		






		
cost(demo, test_scene_state)[source]


		






		
register(demo, test_scene_state, callback=None)[source]


		












		
class lfd.registration.registration.TpsnRpmRegistration(demo, test_scene_state, f, corr_lm, corr_rs, rad, radn, bend_coef, rot_coef)[source]


		Bases: lfd.registration.registration.Registration



		
get_objective()[source]


		






		
static get_objective2(x_ld, u_rd, z_rd, y_md, v_sd, z_sd, f, corr_lm, corr_rs, rad, radn, bend_coef, rot_coef)[source]


		Returns the following 5 objectives:



		[image: \frac{1}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} ||y_j - f(x_i)||_2^2]


		[image: \lambda Tr(A^\top K A)]


		[image: Tr((B - I) R (B - I))]


		[image: \frac{2T}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} \log m_{ij}]


		[image: -\frac{2T}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij}]


















		
class lfd.registration.registration.TpsnRpmRegistrationFactory(demos=None, n_iter=20, em_iter=1, reg_init=0.1, reg_final=0.0001, rad_init=0.01, rad_final=0.0001, radn_init=0.005, radn_final=0.001, nu_init=0.1, nu_final=10, rot_reg=<Mock id='140429266735888'>, outlierprior=0.1, outlierfrac=0.01, callback=None)[source]


		Bases: lfd.registration.registration.RegistrationFactory


TPS-RPM using normals information



		
cost(demo, test_scene_state)[source]


		






		
register(demo, test_scene_state, callback=None, args=())[source]


		














lfd.registration.settings module



		
lfd.registration.settings.BEND_COEF_DIGITS = 6


		






		
lfd.registration.settings.COV_COEF = 0.1


		






		
lfd.registration.settings.EM_ITER = 1


		number of inner iterations for RPM algorithms









		
lfd.registration.settings.L2_N_ITER = 4


		






		
lfd.registration.settings.L2_OPT_ITER = 100


		






		
lfd.registration.settings.L2_RAD = (0.1, 0.01)


		






		
lfd.registration.settings.L2_REG = (0.1, 0.01)


		






		
lfd.registration.settings.L2_ROT_REG


		






		
lfd.registration.settings.MAX_CLD_SIZE = 150


		






		
lfd.registration.settings.NU = (0.1, 10)


		initial and final normals coefficient in TPSN-RPM









		
lfd.registration.settings.N_ITER = 20


		number of outer iterations for RPM algorithms









		
lfd.registration.settings.OUTLIER_CUTOFF = 0.01


		






		
lfd.registration.settings.OUTLIER_FRAC = 0.01


		






		
lfd.registration.settings.OUTLIER_PRIOR = 0.1


		






		
lfd.registration.settings.RAD = (0.01, 0.0001)


		initial and final temperature for RPM algorithms









		
lfd.registration.settings.RADN = (0.005, 0.001)


		initial and final temperature for the normals in TPSN-RPM









		
lfd.registration.settings.REG = (0.1, 0.0001)


		initial and final smoothing regularizer coefficient for RPM algorithms









		
lfd.registration.settings.ROT_REG


		rotation regularizer coefficients











lfd.registration.solver module



		
class lfd.registration.solver.AutoTpsSolverFactory(use_cache=True, cachedir=None)[source]


		Bases: lfd.registration.solver.TpsSolverFactory









		
class lfd.registration.solver.CpuTpsSolver(N, QN, NKN, NRN, NR, x_nd, K_nn, rot_coef)[source]


		Bases: lfd.registration.solver.TpsSolver



		
solve(wt_n, y_nd, bend_coef, f_res)[source]


		












		
class lfd.registration.solver.CpuTpsSolverFactory(use_cache=True, cachedir=None)[source]


		Bases: lfd.registration.solver.TpsSolverFactory



		
get_solver(x_nd, rot_coef)[source]


		






		
get_solver_mats(x_nd, rot_coef)[source]


		












		
class lfd.registration.solver.GpuTpsSolver(N, QN, NKN, NRN, NR, x_nd, K_nn, rot_coef)[source]


		Bases: lfd.registration.solver.TpsSolver



		
solve(wt_n, y_nd, bend_coef, f_res)[source]


		












		
class lfd.registration.solver.GpuTpsSolverFactory(use_cache=True, cachedir=None)[source]


		Bases: lfd.registration.solver.TpsSolverFactory



		
get_solver(x_nd, rot_coef)[source]


		






		
get_solver_mats(x_nd, rot_coef)[source]


		












		
class lfd.registration.solver.TpsSolver(N, QN, NKN, NRN, NR, x_nd, K_nn, rot_coef)[source]


		Bases: object


Fits thin plate spline to data using precomputed matrix products



		
solve(wt_n, y_nd, bend_coef, f_res)[source]


		












		
class lfd.registration.solver.TpsSolverFactory(use_cache=True, cachedir=None)[source]


		Bases: object



		
get_solver(x_nd, rot_coef)[source]


		






		
get_solver_mats(x_nd, rot_coef)[source]


		Precomputes several of the matrix products needed to fit a TPS exactly.
A TPS is fit by solving the system:
N’(Q’WQ + b K + R)N z = -N’(Q’W’y + N’R)
x = Nz
where K and R are padded with zeros appropriately.






		Returns:		N, QN, N’KN, N’RN N’R






















lfd.registration.tps module


Functions for fitting and applying thin plate spline transformations



		
class lfd.registration.tps.ThinPlateSpline(d=3)[source]


		Bases: lfd.registration.transformation.Transformation



		
x_na


		centers of basis functions









		
w_ng


		weights of basis functions









		
lin_ag


		transpose of linear part, so you take x_na.dot(lin_ag)









		
trans_g


		translation part









		
compute_jacobian(x_ma)[source]


		






		
static create_from_optimization(x_na, y_ng, bend_coef, rot_coef, wt_n)[source]


		Solves the optimization problem



[image: \begin{align*}
    & \min_{f}
        & \sum_{i=1}^n w_i ||y_i - f(x_i)||_2^2
        + \lambda Tr(A^\top K A)
        + Tr((B - I) R (B - I)) \\
    & \text{subject to}
        &  X^\top A = 0 \\
        && 1^\top A = 0 \\
\end{align*}]







		Parameters:		
		x_na – source cloud, [image: X]


		y_ng – target cloud, [image: Y]


		bend_coef – smoothing, penalize non-affine part, [image: \lambda]


		rot_coef – angular_spring, penalize rotation, [image: \text{diag}(R)]


		wt_n – weight the points, [image: w]









		Returns:		A ThinPlateSpline f

















		
get_objective()[source]


		Returns the following 3 objectives:




		[image: \sum_{i=1}^n w_i ||y_i - f(x_i)||_2^2]


		[image: \lambda Tr(A^\top K A)]


		[image: Tr((B - I) R (B - I))]










Note


Implementation covers general case where there is a wt_n and bend_coef per dimension











		
transform_points(x_ma)[source]


		






		
update(x_na, y_ng, bend_coef, rot_coef, wt_n, theta, N=None, z=None)[source]


		












		
lfd.registration.tps.balance_matrix3(*args, **kwargs)[source]


		






		
lfd.registration.tps.balance_matrix3_cpu(prob_nm, max_iter, row_priors, col_priors, outlierfrac, r_N=None)[source]


		






		
lfd.registration.tps.balance_matrix3_gpu(prob_nm, max_iter, row_priors, col_priors, outlierfrac, r_N=None)[source]


		






		
lfd.registration.tps.balance_matrix4(prob_nm, max_iter, p_n, p_m)[source]


		Like balance_matrix3 but doesn’t normalize the p_m row and the p_n column


Example


>>> from lfd.registration.tps import balance_matrix4
>>> import numpy as np
>>> n, m = (100, 150)
>>> prob_nm = np.random.random((n,m))
>>> p_n = 0.1 * np.random.random(n)
>>> p_m = 0.1 * np.random.random(m)
>>> prob_nm0 = balance_matrix4(prob_nm, 10, p_n, p_m)
>>> prob_nm1 = prob_nm.copy()
>>> for _ in xrange(10):
...     prob_nm1 = prob_nm1 / (prob_nm1.sum(axis=0) + p_m)[None, :]
...     prob_nm1 = prob_nm1 / (prob_nm1.sum(axis=1) + p_n)[:, None]
...
>>> np.allclose(prob_nm0, prob_nm1)
True













		
lfd.registration.tps.gauss_transform(A, B, scale)[source]


		






		
lfd.registration.tps.l2_distance(x_nd, y_md, rad)[source]


		Compute the L2 distance between the two Gaussian mixture densities constructed from a moving ‘model’ point set and a fixed ‘scene’ point set at a given ‘scale’. The term that only involves the fixed ‘scene’ is excluded from the returned distance.  The gradient with respect to the ‘model’ is calculated and returned as well.









		
lfd.registration.tps.l2_tps(x_ld, y_md, ctrl_nd=None, n_iter=20, opt_iter=400, reg_init=0.1, reg_final=0.0001, rad_init=0.01, rad_final=0.0001, rot_reg=<Mock id='140429266735888'>)[source]


		






		
lfd.registration.tps.l2_tps_obj(z, QN, NKN, NRN, NR, y_md, rad, reg, rot_reg)[source]


		






		
lfd.registration.tps.loglinspace(start, stop, num)[source]


		Return numbers spaced with a constant ratio.


Returns num numbers in the interval [start, stop],
with constant ratio between consecutive numbers.






		Parameters:		
		start – The starting value of the sequence.


		stop – The end value of the sequence.


		num – Number of samples to generate.














Note


Unlike np.linspace, a singleton sequence with stop
is returned when num is 1.




Example


>>> loglinspace(1.0, 100.0, 3)
array([   1.,   10.,  100.])
>>> loglinspace(10.0, 0.001, 5)
array([  1.00000000e+01,   1.00000000e+00,   1.00000000e-01,
         1.00000000e-02,   1.00000000e-03])
>>> loglinspace(2, 4, 1)
array([ 4.])













		
lfd.registration.tps.nan2zero(x)[source]


		






		
lfd.registration.tps.prepare_fit_ThinPlateSpline(x_nd, y_md, corr_nm, fwd=True)[source]


		Takes into account outlier source points and normalization of points









		
lfd.registration.tps.solve_eqp1(H, f, A, N=None, ret_factorization=False)[source]


		solve equality-constrained qp
min .5 tr(x’Hx) + tr(f’x)
s.t. Ax = 0









		
lfd.registration.tps.tps_apply_kernel(distmat, dim)[source]


		
		if d=2:


		
k(r) = 4 * r^2 log(r)




		d=3:


		k(r) = -r











import numpy as np, scipy.spatial.distance as ssd
x = np.random.rand(100,2)
d=ssd.squareform(ssd.pdist(x))
print np.clip(np.linalg.eigvalsh( 4 * d**2 * log(d+1e-9) ),0,inf).mean()
print np.clip(np.linalg.eigvalsh(-d),0,inf).mean()


Note the actual coefficients (from http://www.geometrictools.com/Documentation/ThinPlateSplines.pdf)
d=2: 1/(8*sqrt(pi)) = 0.070523697943469535
d=3: gamma(-.5)/(16*pi**1.5) = -0.039284682964880184









		
lfd.registration.tps.tps_eval(x_ma, lin_ag, trans_g, w_ng, x_na)[source]


		






		
lfd.registration.tps.tps_fit3(x_na, y_ng, bend_coef, rot_coef, wt_n, ret_factorization=False)[source]


		






		
lfd.registration.tps.tps_grad(x_ma, lin_ag, _trans_g, w_ng, x_na)[source]


		






		
lfd.registration.tps.tps_kernel_matrix(x_na)[source]


		






		
lfd.registration.tps.tps_kernel_matrix2(x_na, y_ma)[source]


		






		
lfd.registration.tps.tps_rpm(x_nd, y_md, f_solver_factory=None, n_iter=20, em_iter=1, reg_init=0.1, reg_final=0.0001, rad_init=0.01, rad_final=0.0001, rot_reg=<Mock id='140429266735888'>, outlierprior=0.1, outlierfrac=0.01, prior_prob_nm=None, callback=None, args=())[source]


		






		
lfd.registration.tps.tps_rpm_bij(x_nd, y_md, f_solver_factory=None, g_solver_factory=None, n_iter=20, em_iter=1, reg_init=0.1, reg_final=0.0001, rad_init=0.01, rad_final=0.0001, rot_reg=<Mock id='140429266735888'>, outlierprior=0.1, outlierfrac=0.01, prior_prob_nm=None, callback=None, args=())[source]


		








lfd.registration.tps_experimental module



		
class lfd.registration.tps_experimental.ThinPlateSpline(x_la, ctrl_na, g=None)[source]


		Bases: lfd.registration.transformation.Transformation



		
x_na


		centers of basis functions









		
w_ng


		weights of basis functions









		
lin_ag


		transpose of linear part, so you take x_na.dot(lin_ag)









		
trans_g


		translation part









		
static compute_N(ctrl_na)[source]


		Computes change of variable matrix


The matrix [image: N] changes from [image: z] to [image: \theta],



[image: \theta = N z]



such that the affine part of [image: \theta] remains unchanged and the
non-affine part [image: A] satisfies the TPS constraint,



[image: C^\top A &= 0 \\
1^\top A &= 0]







		Parameters:		ctrl_na – control points, [image: C]



		Returns:		change of variable matrix, [image: N]



		Return type:		N_bn







Example


>>> import numpy as np
>>> from lfd.registration.tps_experimental import ThinPlateSpline
>>> n = 100
>>> a = 3
>>> g = 3
>>> ctrl_na = np.random.random((n, a))
>>> z_ng = np.random.random((n, g))
>>> N_bn = ThinPlateSpline.compute_N(ctrl_na)
>>> theta_bg = N_bn.dot(z_ng)
>>> trans_g = theta_bg[0]
>>> lin_ag = theta_bg[1:a+1]
>>> w_ng = theta_bg[a+1:]
>>> print np.allclose(trans_g, z_ng[0])
True
>>> print np.allclose(lin_ag, z_ng[1:a+1])
True
>>> print np.allclose(ctrl_na.T.dot(w_ng), np.zeros((a, g)))
True
>>> print np.allclose(np.ones((n, 1)).T.dot(w_ng), np.zeros((1, g)))
True













		
compute_jacobian(x_ma)[source]


		






		
compute_transform_grad(x_ma=None)[source]


		Gradient of the transform of the x_ma points. If x_ma is not specified, the source points x_la are used.









		
get_bending_energy()[source]


		






		
lin_ag


		






		
theta_bg


		Can get theta_bg but not set it due to change of variables









		
trans_g


		






		
transform_points(x_ma=None)[source]


		Transforms the x_ma points. If x_ma is not specified, the source points x_la are used.









		
w_ng


		Can get w_ng but not set it due to change of variables









		
z_ng


		












		
class lfd.registration.tps_experimental.ThinPlateSplineNormal(x_la, u_ra, z_ra, x_ctrl_na, u_ctrl_ta, z_ctrl_ta, g=None)[source]


		Bases: lfd.registration.transformation.Transformation



		
x_na


		centers of basis functions









		
w_ng


		weights of basis functions









		
lin_ag


		transpose of linear part, so you take x_na.dot(lin_ag)









		
trans_g


		translation part









		
static compute_N(x_ctrl_na, u_ctrl_ta)[source]


		Computes change of variable matrix


The matrix [image: N] changes from [image: z] to [image: \theta],



[image: \theta = N z]



such that the affine part of [image: \theta] remains unchanged and the
non-affine part [image: A] satisfies the TPSN constraint,



[image: [X^\top U^\top] A &= 0 \\
[1^\top 0^\top] A &= 0]







		Parameters:		
		x_ctrl_na – control points, [image: X]


		u_ctrl_ta – control normals, [image: U]









		Returns:		change of variable matrix, [image: N]






		Return type:		N_bn

















		
compute_bending_energy(bend_coef=1)[source]


		






		
compute_jacobian(x_ma)[source]


		






		
compute_rotation_reg(rot_coef=1)[source]


		






		
compute_transform_grad(x_ma=None)[source]


		Gradient of the transform of the x_ma points. If x_ma is not specified, the source points x_la are used.









		
lin_ag


		






		
theta_bg


		Can get theta_bg but not set it due to change of variables









		
trans_g


		






		
transform_bases(x_ma, rot_mad, orthogonalize=True, orth_method='cross')[source]


		orthogonalize: none, svd, qr









		
transform_points(x_ma=None)[source]


		Transforms the x_ma points. If x_ma is not specified, the source points x_la are used.









		
transform_vectors(u_sa=None, z_sa=None)[source]


		






		
w_eg


		Can get w_ng but not set it due to change of variables









		
z_eg


		












		
lfd.registration.tps_experimental.compute_sum_var_matrix(f_k, p_ktd, w_t=None)[source]


		Computes the kt by kn matrix L_ktkn for calculating the sum of variances.



		The sum of variances is given by


		(1/k) * np.sum(np.square(L_ktkn.dot(z_knd.reshape((-1,d)))))












		
lfd.registration.tps_experimental.gauss_transform(A, B, scale)[source]


		






		
lfd.registration.tps_experimental.l2_obj(x_nd, y_md, rad)[source]


		Compute the L2 distance between the two Gaussian mixture densities constructed from a moving ‘model’ point set and a fixed ‘scene’ point set at a given ‘scale’. The term that only involves the fixed ‘scene’ is excluded from the returned distance.  The gradient with respect to the ‘model’ is calculated and returned as well.









		
lfd.registration.tps_experimental.multi_tps_to_params(f_k)[source]


		






		
lfd.registration.tps_experimental.pairwise_tps_l2_cov(x_kld, y_md, p_ktd, ctrl_knd=None, f_init_k=None, n_iter=4, opt_iter=100, reg_init=0.1, reg_final=0.01, rad_init=0.1, rad_final=0.01, rot_reg=<Mock id='140429266736016'>, cov_coef=0.1, w_t=None, callback=None, args=(), multi_callback=None, multi_args=())[source]


		






		
lfd.registration.tps_experimental.pairwise_tps_l2_cov_obj(z_knd, f_k, y_md, p_ktd, rad, reg, rot_reg, cov_coef, L_ktkn=None, w_t=None)[source]


		






		
lfd.registration.tps_experimental.pairwise_tps_l2_obj(z_knd, f_k, y_md, rad, reg, rot_reg)[source]


		






		
lfd.registration.tps_experimental.params_to_multi_tps(z_knd, f_k)[source]


		






		
lfd.registration.tps_experimental.solve_qp(H, f)[source]


		solve unconstrained qp
min .5 tr(x’Hx) + tr(f’x)









		
lfd.registration.tps_experimental.tps_cov_obj(z_knd, f_k, p_ktd, L_ktkn=None, w_t=None)[source]


		






		
lfd.registration.tps_experimental.tps_l2(x_ld, y_md, ctrl_nd=None, n_iter=4, opt_iter=100, reg_init=0.1, reg_final=0.01, rad_init=0.1, rad_final=0.01, rot_reg=<Mock id='140429266736016'>, callback=None, args=())[source]


		TODO: default parameters









		
lfd.registration.tps_experimental.tps_l2_obj(z_nd, f, y_md, rad, reg, rot_reg)[source]


		






		
lfd.registration.tps_experimental.tpsn_fit(f, y_lg, v_rg, bend_coef, rot_coef, wt_l, wt_r)[source]


		






		
lfd.registration.tps_experimental.tpsn_kernel_matrix(x_la, u_ra, z_ra)[source]


		






		
lfd.registration.tps_experimental.tpsn_kernel_matrix2(x_la, u_ra, z_ra, x_ctrl_na, u_ctrl_ta, z_ctrl_ta)[source]


		






		
lfd.registration.tps_experimental.tpsn_kernel_matrix2_0(x_la, x_ctrl_na, u_ctrl_ta, z_ctrl_ta)[source]


		






		
lfd.registration.tps_experimental.tpsn_kernel_matrix2_00(x_la, y_ma)[source]


		






		
lfd.registration.tps_experimental.tpsn_kernel_matrix2_01(x_la, u_ra, z_ra)[source]


		






		
lfd.registration.tps_experimental.tpsn_kernel_matrix2_1(u_ra, z_ra, x_ctrl_na, u_ctrl_ta, z_ctrl_ta)[source]


		






		
lfd.registration.tps_experimental.tpsn_kernel_matrix2_11(u_ra, z_ra, v_sa, z_sa)[source]


		






		
lfd.registration.tps_experimental.tpsn_rpm(x_ld, u_rd, z_rd, y_md, v_sd, z_sd, n_iter=20, em_iter=1, reg_init=0.1, reg_final=0.0001, rad_init=0.01, rad_final=0.0001, radn_init=0.005, radn_final=0.001, nu_init=0.1, nu_final=10, rot_reg=<Mock id='140429266735888'>, outlierprior=0.1, outlierfrac=0.01, callback=None, args=())[source]


		TODO: hyperparameters











lfd.registration.transformation module


Register point clouds to each other


arrays are named like name_abc
abc are subscripts and indicate the what that tensor index refers to



		index name conventions:


		m: test point index
n: training point index
a: input coordinate
g: output coordinate
d: gripper coordinate






		
class lfd.registration.transformation.Affine(lin_ag, trans_g)[source]


		Bases: lfd.registration.transformation.Transformation



		
compute_jacobian(x_ma)[source]


		






		
transform_points(x_ma)[source]


		












		
class lfd.registration.transformation.Composition(fs)[source]


		Bases: lfd.registration.transformation.Transformation



		
compute_jacobian(x_ma)[source]


		






		
transform_points(x_ma)[source]


		












		
class lfd.registration.transformation.Transformation[source]


		Bases: object


Object oriented interface for transformations R^d -> R^d



		
compute_jacobian(x_ma)[source]


		






		
compute_numerical_jacobian(x_d, epsilon=0.0001)[source]


		numerical jacobian









		
transform_bases(x_ma, rot_mad, orthogonalize=True, orth_method='cross')[source]


		orthogonalize: none, svd, qr









		
transform_hmats(hmat_mAD)[source]


		Transform (D+1) x (D+1) homogenius matrices









		
transform_points(x_ma)[source]


		






		
transform_vectors(x_ma, v_ma)[source]


		












		
lfd.registration.transformation.orthogonalize3_cross(mats_n33)[source]


		turns each matrix into a rotation









		
lfd.registration.transformation.orthogonalize3_qr(_x_k33)[source]


		






		
lfd.registration.transformation.orthogonalize3_svd(x_k33)[source]
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Class inheritance diagram



[image: Inheritance diagram of lfd.tpsopt.batchtps, lfd.tpsopt.clouds, lfd.tpsopt.culinalg_exts, lfd.tpsopt.precompute, lfd.tpsopt.registration, lfd.tpsopt.settings, lfd.tpsopt.tps, lfd.tpsopt.transformations]




















Submodules





lfd.tpsopt.batchtps module



		
class lfd.tpsopt.batchtps.GPUContext(bend_coefs=None)[source]


		Bases: object


Class to contain GPU arrays



		
add_cld(name, proj_mats, offset_mats, cloud_xyz, kernel, scale_params, update_ptrs=False)[source]


		adds a new cloud to our context for batch processing









		
bending_cost(b=0.001)[source]


		






		
bidir_tps_cost(other, bend_coef=1, outlierprior=0.1, outlierfrac=0.01, outliercutoff=0.01, T=0.005, norm_iters=10, sigma=1, return_components=False)[source]


		






		
check_cld(cloud_xyz)[source]


		






		
get_sol_params(cld)[source]


		






		
get_target_points(other, outlierprior=0.1, outlierfrac=0.01, outliercutoff=0.01, T=0.005, norm_iters=10)[source]


		computes the target points for self and other
using the current warped points for both









		
gram_mat_cost(sigma)[source]


		






		
mapping_cost(other, bend_coef=0.001, outlierprior=0.1, outlierfrac=0.01, outliercutoff=0.01, T=0.005, norm_iters=10)[source]


		computes the error in the current mapping
assumes that the target points have already been filled









		
read_h5(fname)[source]


		






		
reset_tps_params()[source]


		sets the tps params to be identity









		
reset_warp_err()[source]


		






		
set_tps_params(vals)[source]


		






		
setup_tgt_ctx(cloud_xyz)[source]


		returns a GPUContext where all the clouds are cloud_xyz
and matched in length with this contex


assumes cloud_xyz is already downsampled and scaled









		
test_bending_cost(other, bend_coef=0.001, outlierprior=0.1, outlierfrac=0.01, outliercutoff=0.01, T=0.005, norm_iters=10)[source]


		






		
test_get_targ(other, T=0.005, outlierprior=0.1, outlierfrac=0.01, outliercutoff=0.01, norm_iters=10)[source]


		






		
test_init_corr(other, T=0.005, outlierprior=0.1, outlierfrac=0.01, outliercutoff=0.01)[source]


		






		
test_mapping_cost(other, bend_coef=0.001, outlierprior=0.1, outlierfrac=0.01, outliercutoff=0.01, T=0.005, norm_iters=10)[source]


		






		
test_norm_corr(other, T=0.005, outlierprior=0.1, outlierfrac=0.01, outliercutoff=0.01, norm_iters=10)[source]


		






		
transform_points()[source]


		computes the warp of self.pts under the current tps params









		
unit_test(other)[source]


		






		
update_ptrs()[source]


		






		
update_transform(b)[source]


		computes the TPS associated with the current target pts









		
w_nd_ptrs = None


		TPS PARAM FORMAT
[      np.zeros(DATA_DIM)      ]   [  trans_d  ]   [1 x d]
[       np.eye(DATA_DIM)       ] = [  lin_dd   ] = [d x d]
[np.zeros((np.zeros, DATA_DIM))]   [   w_nd    ]   [n x d]















		
class lfd.tpsopt.batchtps.Globals[source]


		
		
i = 9


		






		
streams = [<Mock name='mock()' id='140429266571408'>, <Mock name='mock()' id='140429266571664'>, <Mock name='mock()' id='140429266571920'>, <Mock name='mock()' id='140429266572176'>, <Mock name='mock()' id='140429266572432'>, <Mock name='mock()' id='140429266572688'>, <Mock name='mock()' id='140429266572944'>, <Mock name='mock()' id='140429266573200'>, <Mock name='mock()' id='140429266573456'>, <Mock name='mock()' id='140429266573712'>]


		






		
sync = False


		












		
class lfd.tpsopt.batchtps.SrcContext(bend_coefs=None)[source]


		Bases: lfd.tpsopt.batchtps.GPUContext


specialized class to handle source clouds
includes support for warped trajectories as well



		
add_cld(name, proj_mats, offset_mats, cloud_xyz, kernel, scale_params, r_traj, r_traj_K, l_traj, l_traj_K, update_ptrs=False)[source]


		does the normal add, but also adds the trajectories









		
get_unscaled_trajs(other)[source]


		transforms the trajectories with the current tps params
unscales them assuming that other is the target
assumes other is a TgtContext









		
read_h5(fname)[source]


		






		
test_get_unscaled_trajs(other)[source]


		






		
test_traj_cost(other)[source]


		






		
test_transform_trajs()[source]


		






		
traj_cost(tgt_seg, other)[source]


		






		
transform_trajs()[source]


		computes the warp of l_traj and r_traj under current tps params









		
unit_test(other)[source]


		






		
update_ptrs()[source]


		












		
class lfd.tpsopt.batchtps.TgtContext(src_ctx)[source]


		Bases: lfd.tpsopt.batchtps.GPUContext


specialized class to handle the case where we are
mapping to a single target cloud –> only allocate GPU Memory once



		
add_cld(name, proj_mats, offset_mats, cloud_xyz, kernel, update_ptrs=False)[source]


		






		
set_cld(cld)[source]


		sets the cloud for this appropriately
won’t allocate any new memory









		
update_ptrs()[source]


		












		
lfd.tpsopt.batchtps.batch_tps_rpm_bij(src_ctx, tgt_ctx, T_init=0.1, T_final=0.005, outlierfrac=0.01, outlierprior=0.1, outliercutoff=0.01, em_iter=1, component_cost=False)[source]


		computes tps rpm for the clouds in src and tgt in batch
TODO: Fill out comment cleanly









		
lfd.tpsopt.batchtps.check_transform_pts(ctx, i=0)[source]


		






		
lfd.tpsopt.batchtps.check_update(ctx, b)[source]


		






		
lfd.tpsopt.batchtps.get_stream(i)[source]


		






		
lfd.tpsopt.batchtps.gpu_pad(x, shape, dtype=<Mock id='140429266497232'>)[source]


		






		
lfd.tpsopt.batchtps.parse_arguments()[source]


		






		
lfd.tpsopt.batchtps.sync(override=False)[source]


		






		
lfd.tpsopt.batchtps.test_batch_tps_rpm_bij(src_ctx, tgt_ctx, T_init=0.1, T_final=0.005, outlierfrac=0.01, outlierprior=0.1, outliercutoff=0.5, em_iter=1, test_ind=0)[source]


		








lfd.tpsopt.clouds module



		
lfd.tpsopt.clouds.XYZ_to_xy(X, Y, Z, f=535.0)[source]


		






		
lfd.tpsopt.clouds.depth_to_xyz(depth, f=535.0)[source]


		






		
lfd.tpsopt.clouds.downsample(xyz, v)[source]


		






		
lfd.tpsopt.clouds.xyZ_to_XY(x, y, Z, f=535.0)[source]


		








lfd.tpsopt.culinalg_exts module



		
lfd.tpsopt.culinalg_exts.batch_sum(a_arr_gpu, a_ptr_gpu)[source]


		computes a sum of all of the arrays pointed to by a_arr_gpu and a_ptr_gpu









		
lfd.tpsopt.culinalg_exts.dot_batch(a_arr_gpu, b_arr_gpu, a_ptr_gpu, b_ptr_gpu, transa='N', transb='N')[source]


		






		
lfd.tpsopt.culinalg_exts.dot_batch_nocheck(a_arr_gpu, b_arr_gpu, c_arr_gpu, a_ptr_gpu, b_ptr_gpu, c_ptr_gpu, transa='N', transb='N', a=1, b=1, handle=None)[source]


		Implementation of batched dot products using cuda.



		a_arr_gpu : list of pycuda.gpuarray.GPUArray


		Input array.


		b_arr_gpu : list of pycuda.gpuarray.GPUArray


		Input array.


		c_arr_gpu : list of pycuda.gpuarray.GPUArray


		Input/Output array.


		a_ptr_gpu : pycuda.gpuarray.GPUArray


		Array of pointers to arrays in a_arr_gpu


		b_ptr_gpu : pycuda.gpuarray.GPUArray


		Array of pointers to arrays in b_arr_gpu


		c_ptr_gpu : pycuda.gpuarray.GPUArray


		Array of pointers to arrays in c_arr_gpu


		transa : char


		If ‘T’, compute the product of the transpose of a_arr_gpu[i].
If ‘C’, compute the product of the Hermitian of a_arr_gpu[i].


		transb : char


		If ‘T’, compute the product of the transpose of b_arr_gpu[i].
If ‘C’, compute the product of the Hermitian of b_arr_gpu[i].


		handle : int


		CUBLAS context. If no context is specified, the default handle from
scikits.cuda.misc._global_cublas_handle is used.





None. Output is stored into the arrays in c_arr_gpu


The input matrices must all contain elements of the same data type.
All matrics in a list must have same size.


>>> import pycuda.driver
>>> import pycuda.autoinit
>>> from pycuda import gpuarray
>>> import numpy as np
>>> from scikits.cuda import linalg
>>> linalg.init()
>>> a_arr = [np.asarray(np.random.rand(4, 2), np.float32) for i in range(10)]
>>> b_arr = [np.asarray(np.random.rand(2, 2), np.float32) for i in range(10)]
>>> c_arr = [np.asarray(np.random.rand(4, 2), np.float32) for i in range(10)]
>>> a_arr_gpu = [gpuarray.to_gpu(a_gpu) for a_gpu in a_arr]
>>> b_arr_gpu = [gpuarray.to_gpu(b_gpu) for b_gpu in b_arr]
>>> c_arr_gpu = [gpuarray.to_gpu(c_gpu) for c_gpu in c_arr]
>>> a_ptr_gpu = gpuarray.to_gpu(np.asarray([int(a_gpu.gpudata) for a_gpu in a_arr_gpu]))
>>> b_ptr_gpu = gpuarray.to_gpu(np.asarray([int(b_gpu.gpudata) for b_gpu in b_arr_gpu]))
>>> c_ptr_gpu = gpuarray.to_gpu(np.asarray([int(c_gpu.gpudata) for c_gpu in c_arr_gpu]))
>>> linalg.dot_batch_nocheck(a_arr_gpu, b_arr_gpu, c_arr_gpu, a_ptr_gpu, b_ptr_gpu, c_ptr_gpu)
>>> for i in range(10):
...   print np.allclose(np.dot(a_arr[i], b_arr[i]) + c_arr[i], c_arr_gpu[i].get())
...
True
True
True
True
True
True
True
True
True
True
>>>













		
lfd.tpsopt.culinalg_exts.geam(a_gpu, b_gpu, c_gpu, transa='N', transb='N', alpha=1, beta=1, handle=None)[source]


		






		
lfd.tpsopt.culinalg_exts.gemm(a_gpu, b_gpu, c_gpu, transa='N', transb='N', alpha=1, beta=0, handle=None)[source]


		






		
lfd.tpsopt.culinalg_exts.get_gpu_ptrs(arr, (m, n)=(0, 0))[source]


		






		
lfd.tpsopt.culinalg_exts.m_dot_batch(*args)[source]


		








lfd.tpsopt.precompute module



		
lfd.tpsopt.precompute.batch_get_sol_params(x_nd, K_nn, bend_coefs, rot_coef)[source]


		






		
lfd.tpsopt.precompute.downsample_cloud(cloud_xyz)[source]


		






		
lfd.tpsopt.precompute.get_exact_solver(x_na, K_nn, bend_coefs, rot_coef)[source]


		precomputes several of the matrix products needed to fit a TPS w/o the approximations
for the batch computation


a TPS is fit by solving the system
N’(Q’WQ +O_b)N z = -N’(Q’W’y - N’R)
x = Nz


This function returns a tuple
N, QN, N’O_bN, N’R
where N’O_bN is a dict mapping the desired bending coefs to the appropriate product









		
lfd.tpsopt.precompute.get_opening_closing_inds(finger_traj)[source]


		






		
lfd.tpsopt.precompute.get_sol_params(x_na, K_nn, bend_coef, rot_coef)[source]


		precomputes the linear operators to solve this linear system.
only dependence on data is through the specified targets


all thats needed is to compute the righthand side and do a forward solve









		
lfd.tpsopt.precompute.gripper_joint2gripper_l_finger_joint_values(gripper_joint_vals)[source]


		Only the %s_gripper_l_finger_joint%lr can be controlled (this is the joint returned by robot.GetManipulator({“l”:”leftarm”, “r”:”rightarm”}[lr]).GetGripperIndices())
The rest of the gripper joints (like %s_gripper_joint%lr) are mimiced and cannot be controlled directly









		
lfd.tpsopt.precompute.main()[source]


		






		
lfd.tpsopt.precompute.parse_arguments()[source]


		






		
lfd.tpsopt.precompute.test_batch_get_sol_params(f, bend_coefs, rot_coef, atol=1e-07, index=0)[source]


		








lfd.tpsopt.registration module


Register point clouds to each other


arrays are named like name_abc
abc are subscripts and indicate the what that tensor index refers to



		index name conventions:


		m: test point index
n: training point index
a: input coordinate
g: output coordinate
d: gripper coordinate






		
lfd.tpsopt.registration.balance_matrix(prob_nm, max_iter, p, outlierfrac, r_N=None)[source]


		






		
lfd.tpsopt.registration.loglinspace(a, b, n)[source]


		n numbers between a to b (inclusive) with constant ratio between consecutive numbers









		
lfd.tpsopt.registration.registration_cost(xyz0, xyz1, f_p_mats=None, f_o_mats=None, b_p_mats=None, b_o_mats=None)[source]


		






		
lfd.tpsopt.registration.tps_rpm_bij(x_nd, y_md, fsolve, gsolve, n_iter=20, reg_init=0.1, reg_final=0.001, rad_init=0.1, rad_final=0.005, rot_reg=0.001, outlierprior=0.1, outlierfrac=0.2, vis_cost_xy=None, return_corr=False, check_solver=False)[source]


		tps-rpm algorithm mostly as described by chui and rangaran
reg_init/reg_final: regularization on curvature
rad_init/rad_final: radius for correspondence calculation (meters)
plotting: 0 means don’t plot. integer n means plot every n iterations









		
lfd.tpsopt.registration.unit_boxify(x_na)[source]


		






		
lfd.tpsopt.registration.unscale_tps(f, src_params, targ_params)[source]


		Only works in 3d!!











lfd.tpsopt.settings module





lfd.tpsopt.tps module


Functions for fitting and applying thin plate spline transformations



		
lfd.tpsopt.tps.nan2zero(x)[source]


		






		
lfd.tpsopt.tps.solve_eqp1(H, f, A)[source]


		solve equality-constrained qp
min tr(x’Hx) + sum(f’x)
s.t. Ax = 0









		
lfd.tpsopt.tps.tps_apply_kernel(distmat, dim)[source]


		
		if d=2:


		
k(r) = 4 * r^2 log(r)




		d=3:


		k(r) = -r











import numpy as np, scipy.spatial.distance as ssd
x = np.random.rand(100,2)
d=ssd.squareform(ssd.pdist(x))
print np.clip(np.linalg.eigvalsh( 4 * d**2 * log(d+1e-9) ),0,inf).mean()
print np.clip(np.linalg.eigvalsh(-d),0,inf).mean()


Note the actual coefficients (from http://www.geometrictools.com/Documentation/ThinPlateSplines.pdf)
d=2: 1/(8*sqrt(pi)) = 0.070523697943469535
d=3: gamma(-.5)/(16*pi**1.5) = -0.039284682964880184









		
lfd.tpsopt.tps.tps_cost(lin_ag, trans_g, w_ng, x_na, y_ng, bend_coef, K_nn=None, return_tuple=False, wt_n=None)[source]


		XXX doesn’t include rotation cost









		
lfd.tpsopt.tps.tps_cost_regrot(lin_ag, trans_g, w_ng, x_na, y_ng, bend_coef, rfunc, K_nn=None, wt_n=None)[source]


		(Y-KA-XB-1C)’ W (Y-KA-XB-1C) + tr(A’KA) + r(B)
subject to A’(X 1) = 0









		
lfd.tpsopt.tps.tps_eval(x_ma, lin_ag, trans_g, w_ng, x_na)[source]


		






		
lfd.tpsopt.tps.tps_fit(x_na, y_ng, bend_coef, rot_coef, wt_n=None, K_nn=None)[source]


		






		
lfd.tpsopt.tps.tps_fit2(x_na, y_ng, bend_coef, rot_coef, wt_n=None)[source]


		






		
lfd.tpsopt.tps.tps_fit3(x_na, y_ng, bend_coef, rot_coef, wt_n)[source]


		






		
lfd.tpsopt.tps.tps_fit_fixedrot(x_na, y_ng, bend_coef, lin_ag, K_nn=None, wt_n=None)[source]


		minimize (Y-KA-XB-1C)’W(Y-KA-XB-1C) + tr(A’KA) + r(B)









		
lfd.tpsopt.tps.tps_fit_regrot(x_na, y_ng, bend_coef, rfunc, wt_n=None, max_iter=1, inner_max_iter=100, rgrad=None, l_init=None)[source]


		minimize (Y-KA-XB-1C)’ W (Y-KA-XB-1C) + tr(A’KA) + r(B)
subject to A’(X 1) = 0









		
lfd.tpsopt.tps.tps_grad(x_ma, lin_ag, _trans_g, w_ng, x_na)[source]


		






		
lfd.tpsopt.tps.tps_kernel_matrix(x_na)[source]


		






		
lfd.tpsopt.tps.tps_kernel_matrix2(x_na, y_ma)[source]


		






		
lfd.tpsopt.tps.tps_nr_cost_eval(lin_ag, trans_g, w_ng, x_na, y_ng, xnr_ma, bend_coef, nr_coef, K_nn=None, return_tuple=False)[source]


		






		
lfd.tpsopt.tps.tps_nr_cost_eval_general(lin_ag, trans_g, w_eg, x_ea, y_ng, nr_ma, bend_coef, nr_coef, K_ee=None, return_tuple=True)[source]


		






		
lfd.tpsopt.tps.tps_nr_err(x_ma, lin_ag, trans_g, w_ng, x_na)[source]


		green’s strain









		
lfd.tpsopt.tps.tps_nr_fit(x_na, y_ng, bend_coef, nr_ma, nr_coef, method='newton')[source]


		






		
lfd.tpsopt.tps.tps_nr_fit_enhanced(x_na, y_ng, bend_coef, nr_ma, nr_coef)[source]


		






		
lfd.tpsopt.tps.tps_nr_grad(x_ma, lin_ag, _trans_g, w_ng, x_na, return_tuple=False)[source]


		gradient of green’s strain











lfd.tpsopt.transformations module



		
class lfd.tpsopt.transformations.Affine(lin_ag, trans_g)[source]


		Bases: lfd.tpsopt.transformations.Transformation



		
compute_jacobian(x_ma)[source]


		






		
transform_points(x_ma)[source]


		












		
class lfd.tpsopt.transformations.Composition(fs)[source]


		Bases: lfd.tpsopt.transformations.Transformation



		
compute_jacobian(x_ma)[source]


		






		
transform_points(x_ma)[source]


		












		
class lfd.tpsopt.transformations.EmptySolver(max_N, bend_coefs)[source]


		Bases: object


pre-allocates the GPU space needed to get a new solver
efficiently computes solution params and returns a TPSSolver



		
get_solver(x_na, K_nn, bend_coefs, rot_coef)[source]


		












		
class lfd.tpsopt.transformations.NoGPUEmptySolver(max_N, bend_coefs)[source]


		Bases: object


computes solution params and returns a NoGPUTPSSolver



		
get_solver(x_na, K_nn, bend_coefs, rot_coef)[source]


		












		
class lfd.tpsopt.transformations.NoGPUTPSSolver(bend_coefs, N, QN, NON, NR, x_nd, K_nn, rot_coef)[source]


		Bases: object


class to fit a thin plate spline to data using precomputed
matrix products



		
static get_solvers(h5file)[source]


		






		
solve(wt_n, y_nd, bend_coef, rot_coef, f_res)[source]


		












		
class lfd.tpsopt.transformations.TPSSolver(bend_coefs, N, QN, NON, NR, x_nd, K_nn, rot_coef, QN_gpu=None, WQN_gpu=None, NON_gpu=None, NHN_gpu=None)[source]


		Bases: object


class to fit a thin plate spline to data using precomputed
matrix products



		
static get_solvers(h5file)[source]


		






		
initialize_solver(b, wt_n)[source]


		






		
solve(wt_n, y_nd, bend_coef, rot_coef, f_res)[source]


		












		
class lfd.tpsopt.transformations.ThinPlateSpline(d=3)[source]


		Bases: lfd.tpsopt.transformations.Transformation



		members:


		x_na: centers of basis functions
w_ng:
lin_ag: transpose of linear part, so you take x_na.dot(lin_ag)
trans_g: translation part






		
compute_jacobian(x_ma)[source]


		






		
transform_points(x_ma)[source]


		












		
class lfd.tpsopt.transformations.Transformation[source]


		Bases: object


Object oriented interface for transformations R^d -> R^d



		
compute_jacobian(x_ma)[source]


		






		
compute_numerical_jacobian(x_d, epsilon=0.0001)[source]


		numerical jacobian









		
transform_bases(x_ma, rot_mad, orthogonalize=True, orth_method='cross')[source]


		orthogonalize: none, svd, qr









		
transform_hmats(hmat_mAD)[source]


		Transform (D+1) x (D+1) homogenius matrices









		
transform_points(x_ma)[source]


		












		
lfd.tpsopt.transformations.fit_ThinPlateSpline(x_na, y_ng, bend_coef=0.1, rot_coef=1e-05, wt_n=None)[source]


		x_na: source cloud
y_nd: target cloud
smoothing: penalize non-affine part
angular_spring: penalize rotation
wt_n: weight the points









		
lfd.tpsopt.transformations.set_ThinPlateSpline(f, x_na, theta)[source]
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  Source code for lfd.tpsopt.clouds

import numpy as np

cx = 320.-.5
cy = 240.-.5
DEFAULT_F = 535.

[docs]def xyZ_to_XY(x,y,Z,f=DEFAULT_F):
    X = (x - cx)*(Z/f)
    Y = (y - cy)*(Z/f)
    return (X,Y)


[docs]def XYZ_to_xy(X,Y,Z,f=DEFAULT_F):
    x = X*(f/Z) + cx
    y = Y*(f/Z) + cy
    return (x,y)


[docs]def depth_to_xyz(depth,f=DEFAULT_F):
    x,y = np.meshgrid(np.arange(640), np.arange(480))
    assert depth.shape == (480, 640)
    XYZ = np.empty((480,640,3))
    Z = XYZ[:,:,2] = depth / 1000. # convert mm -> meters
    XYZ[:,:,0] = (x - cx)*(Z/f)
    XYZ[:,:,1] = (y - cy)*(Z/f)

    return XYZ
    

[docs]def downsample(xyz, v):
    import cloudprocpy
    cloud = cloudprocpy.CloudXYZ()
    xyz1 = np.ones((len(xyz),4),'float')
    xyz1[:,:3] = xyz
    cloud.from2dArray(xyz1)
    cloud = cloudprocpy.downsampleCloud(cloud, v)
    return cloud.to2dArray()[:,:3]
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lfd.demonstration package



Class inheritance diagram



[image: Inheritance diagram of lfd.demonstration.demonstration]












Submodules





lfd.demonstration.demonstration module



		
class lfd.demonstration.demonstration.AugmentedTrajectory(lr2arm_traj=None, lr2finger_traj=None, lr2ee_traj=None, lr2open_finger_traj=None, lr2close_finger_traj=None)[source]


		Bases: object



		
static create_from_full_traj(robot, full_traj, lr2open_finger_traj=None, lr2close_finger_traj=None)[source]


		






		
get_full_traj(robot)[source]


		TODO: remove sim_util.get_full_traj









		
get_resampled_traj(timesteps_rs)[source]


		












		
class lfd.demonstration.demonstration.Demonstration(name, scene_state, aug_traj)[source]


		Bases: object









		
class lfd.demonstration.demonstration.GroundTruthRopeSceneState(rope_nodes, radius, upsample=0, upsample_rad=1, downsample_size=0)[source]


		Bases: lfd.demonstration.demonstration.SceneState









		
class lfd.demonstration.demonstration.SceneState(full_cloud, id=None, full_color=None, downsample_size=0)[source]


		Bases: object



		
static get_unique_id()[source]


		






		
ids = set([])
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  Source code for lfd.tpsopt.tps

"""
Functions for fitting and applying thin plate spline transformations
"""
import numpy as np
import scipy.spatial.distance as ssd
import scipy.optimize as opt
from lfd.util import colorize

VERBOSE = False
ENABLE_SLOW_TESTS = False


[docs]def nan2zero(x):
    np.putmask(x, np.isnan(x), 0)
    return x



[docs]def tps_apply_kernel(distmat, dim):
    """
    if d=2: 
        k(r) = 4 * r^2 log(r)
       d=3:
        k(r) = -r
            
    import numpy as np, scipy.spatial.distance as ssd
    x = np.random.rand(100,2)
    d=ssd.squareform(ssd.pdist(x))
    print np.clip(np.linalg.eigvalsh( 4 * d**2 * log(d+1e-9) ),0,inf).mean()
    print np.clip(np.linalg.eigvalsh(-d),0,inf).mean()
    
    Note the actual coefficients (from http://www.geometrictools.com/Documentation/ThinPlateSplines.pdf)
    d=2: 1/(8*sqrt(pi)) = 0.070523697943469535
    d=3: gamma(-.5)/(16*pi**1.5) = -0.039284682964880184
    """

    if dim==2:       
        return 4 * distmat**2 * np.log(distmat+1e-20)
        
    elif dim ==3:
        return -distmat
    else:
        print 'dim =', dim
        raise NotImplementedError
    
    

[docs]def tps_kernel_matrix(x_na):
    dim = x_na.shape[1]
    distmat = ssd.squareform(ssd.pdist(x_na))
    return tps_apply_kernel(distmat,dim)


[docs]def tps_kernel_matrix2(x_na, y_ma):
    dim = x_na.shape[1]
    distmat = ssd.cdist(x_na, y_ma)
    return tps_apply_kernel(distmat, dim)


[docs]def tps_eval(x_ma, lin_ag, trans_g, w_ng, x_na):
    K_mn = tps_kernel_matrix2(x_ma, x_na).astype(np.float32)
    return np.dot(K_mn, w_ng) + np.dot(x_ma, lin_ag) + trans_g[None,:]


[docs]def tps_grad(x_ma, lin_ag, _trans_g, w_ng, x_na):
    _N, D = x_na.shape
    M = x_ma.shape[0]

    assert x_ma.shape[1] == 3
    dist_mn = ssd.cdist(x_ma, x_na,'euclidean')

    grad_mga = np.empty((M,D,D))

    lin_ga = lin_ag.T
    for a in xrange(D):
        diffa_mn = x_ma[:,a][:,None] - x_na[:,a][None,:]
        grad_mga[:,:,a] = lin_ga[None,:,a] - np.dot(nan2zero(diffa_mn/dist_mn),w_ng)
    return grad_mga
    

[docs]def tps_nr_grad(x_ma, lin_ag, _trans_g, w_ng, x_na, return_tuple = False):
    """
    gradient of green's strain
    """
    N, D = x_na.shape
    M = x_ma.shape[0]

    assert x_ma.shape[1] == 3
    dists_mn = ssd.cdist(x_ma, x_na,'euclidean')
    diffs_mna = x_ma[:,None,:] - x_na[None,:,:]

    grad_mga = np.empty((M,D,D))
    lin_ga = lin_ag.T
    for a in xrange(D):
        grad_mga[:,:,a] = lin_ga[None,:,a] - np.dot(nan2zero(diffs_mna[:,:,a]/dists_mn),w_ng)

    # m n g a b
    Jw_mngab = - (nan2zero(diffs_mna[:,:,None,:,None]/dists_mn[:,:,None,None,None])) * grad_mga[:,None,:,None,:]
    Jw_mngab = Jw_mngab + Jw_mngab.transpose(0,1,2,4,3)        
    Jw_mabng = Jw_mngab.transpose(0,3,4,1,2)
    Jw = Jw_mabng.reshape(M*D**2,N*D)
    
    Jl_mcgab = np.eye(D)[None,:,None,:,None]*grad_mga[:,None,:,None,:]
    Jl_mcgab = Jl_mcgab + Jl_mcgab.transpose(0,1,2,4,3)
    Jl_mabcg = Jl_mcgab.transpose(0,3,4,1,2)
    Jl = Jl_mabcg.reshape(M*D**2,D*D)
    
    Jt = np.zeros((M*D**2,D))
    
    if return_tuple:
        return Jl, Jt, Jw
    else:
        J = np.c_[Jl, Jt, Jw]
        return J
    

[docs]def tps_nr_err(x_ma, lin_ag, trans_g, w_ng, x_na):
    """
    green's strain    
    """
    M,D = x_ma.shape

    grad_mga = tps_grad(x_ma, lin_ag, trans_g, w_ng, x_na)
    err_mab = np.empty((M,D,D))
    for m in xrange(M):
        err_mab[m] = np.dot(grad_mga[m].T, grad_mga[m]) - np.eye(D)
    return err_mab.flatten()


[docs]def tps_cost(lin_ag, trans_g, w_ng, x_na, y_ng, bend_coef, K_nn=None, return_tuple=False, wt_n = None):
    """
    XXX doesn't include rotation cost
    """
    D = lin_ag.shape[0]
    if K_nn is None: K_nn = tps_kernel_matrix(x_na)
    if wt_n is None: wt_n = np.ones(len(x_na))
    ypred_ng = np.dot(K_nn, w_ng) + np.dot(x_na, lin_ag) + trans_g[None,:]
    res_cost = (wt_n[:,None] * (ypred_ng - y_ng)**2).sum()
    bend_cost = bend_coef * sum(np.dot(w_ng[:,g], np.dot(K_nn, w_ng[:,g])) for g in xrange(D))
    if return_tuple:
        return res_cost, bend_cost, res_cost + bend_cost
    else:
        return res_cost + bend_cost


[docs]def tps_nr_cost_eval(lin_ag, trans_g, w_ng, x_na, y_ng, xnr_ma, bend_coef, nr_coef, K_nn = None, return_tuple=False):
    D = lin_ag.shape[0]
    if K_nn is None: K_nn = tps_kernel_matrix(x_na)
    ypred_ng = np.dot(K_nn, w_ng) + np.dot(x_na, lin_ag) + trans_g[None,:]
    res_cost = ((ypred_ng - y_ng)**2).sum()
    bend_cost = bend_coef * sum(np.dot(w_ng[:,g], np.dot(K_nn, w_ng[:,g])) for g in xrange(D))
    nr_cost = nr_coef * (tps_nr_err(xnr_ma, lin_ag, trans_g, w_ng, x_na)**2).sum()
    if return_tuple:
        return res_cost, bend_cost, nr_cost, res_cost + bend_cost + nr_cost
    else:
        return res_cost + bend_cost + nr_cost


[docs]def tps_nr_cost_eval_general(lin_ag, trans_g, w_eg, x_ea, y_ng, nr_ma, bend_coef, nr_coef, K_ee = None, return_tuple=True):
    E,D = x_ea.shape
    N = y_ng.shape[0]
    M = nr_ma.shape[0]
    assert E == N+4*M
    
    K_ee = K_ee or tps_kernel_matrix(x_ea)
    K_ne = K_ee[:N]
    x_na = x_ea[:N]
    
    ypred_ng = np.dot(K_ne, w_eg) + np.dot(x_na, lin_ag) + trans_g[None,:]
    res_cost = ((ypred_ng - y_ng)**2).sum()
    bend_cost = bend_coef * sum(np.dot(w_eg[:,g], np.dot(-K_ee, w_eg[:,g])) for g in xrange(D))
    nr_cost = nr_coef * (tps_nr_err(nr_ma, lin_ag, trans_g, w_eg, x_ea)**2).sum()
    if return_tuple:
        return res_cost, bend_cost, nr_cost, res_cost + bend_cost + nr_cost
    else:
        return res_cost + bend_cost + nr_cost    


[docs]def tps_fit(x_na, y_ng, bend_coef, rot_coef, wt_n=None, K_nn = None):
    N,D = x_na.shape
        
    K_nn = tps_kernel_matrix(x_na) if K_nn is None else K_nn
    coef_ratio = bend_coef / rot_coef if rot_coef > 0 else 0
    #if wt_n is None: reg_nn = bend_coef * np.eye(N)    
    #else: reg_nn = np.diag(bend_coef/(wt_n + 1e-6))
    #print wt_n
    
    A = np.zeros((N+D+1, N+D+1))
    
    A[:N, :N] = K_nn

    A.flat[np.arange(0,N)*(N+D+2)] += bend_coef/(wt_n if wt_n is not None else 1)

    A[:N, N:N+D] = x_na
    A[:N, N+D] = 1

    A[N:N+D,:N] = x_na.T
    A[N+D,:N] = 1
    
    A[N:N+D, N:N+D] = coef_ratio*np.eye(D)
    
    B = np.empty((N+D+1, D))
    B[:N] = y_ng
    B[N:N+D] = coef_ratio*np.eye(D)
    B[N+D] = 0
    
    X = np.linalg.solve(A, B)
    w_ng = X[:N,:]
    lin_ag = X[N:N+D,:]
    trans_g = X[N+D,:]
    return lin_ag, trans_g, w_ng
    


    

[docs]def solve_eqp1(H, f, A):
    """solve equality-constrained qp
    min tr(x'Hx) + sum(f'x)
    s.t. Ax = 0
    """    
    # print f.shape
    n_vars = H.shape[0]
    assert H.shape[1] == n_vars
    assert f.shape[0] == n_vars
    assert A.shape[1] == n_vars
    n_cnts = A.shape[0]
    
    _u,_s,_vh = np.linalg.svd(A.T)
    N = _u[:,n_cnts:]
    # columns of N span the null space
    
    # x = Nz
    # then problem becomes unconstrained minimization .5*z'NHNz + z'Nf
    # NHNz + Nf = 0
    z = np.linalg.solve(N.T.dot(H.dot(N)), -N.T.dot(f))
    x = N.dot(z)
    
    return x
    

[docs]def tps_fit3(x_na, y_ng, bend_coef, rot_coef, wt_n):
    if wt_n is None: wt_n = np.ones(len(x_na))
    n,d = x_na.shape

    K_nn = tps_kernel_matrix(x_na)
    Q = np.c_[np.ones((n,1)), x_na, K_nn]
    WQ = wt_n[:,None] * Q
    QWQ = Q.T.dot(WQ)
    H = QWQ
    H[d+1:,d+1:] += bend_coef * K_nn
    rot_coefs = np.ones(d) * rot_coef if np.isscalar(rot_coef) else rot_coef
    H[1:d+1, 1:d+1] += np.diag(rot_coefs)
    
    f = -WQ.T.dot(y_ng)
    f[1:d+1,0:d] -= np.diag(rot_coefs)
    
    A = np.r_[np.zeros((d+1,d+1)), np.c_[np.ones((n,1)), x_na]].T
    
    Theta = solve_eqp1(H,f,A)
    
    return Theta[1:d+1], Theta[0], Theta[d+1:]
    
    

[docs]def tps_fit2(x_na, y_ng, bend_coef, rot_coef, wt_n=None):
    if wt_n is not None: raise NotImplementedError

    N,D = x_na.shape 
    _u,_s,_vh = np.linalg.svd(np.c_[x_na, np.ones((N,1))], full_matrices=True)
    N_nq = _u[:,4:] # null of data
    K_nn = tps_kernel_matrix(x_na)
    Q_nn = np.c_[x_na, np.ones((N,1)),K_nn.dot(N_nq)]
    QQ_nn = np.dot(Q_nn.T, Q_nn)
    
    A = QQ_nn    
    A[4:, 4:] += bend_coef * N_nq.T.dot(K_nn).dot(N_nq)
    B = Q_nn.T.dot(y_ng)

    A[:3, :3] += rot_coef * np.eye(3)
    B[:3, :3] += rot_coef * np.eye(3)
    
    X = np.linalg.solve(A,B)

    lin_ag = X[:D,:]
    trans_g = X[D,:]    
    w_ng = N_nq.dot(X[D+1:,:])
    return lin_ag, trans_g, w_ng


[docs]def tps_nr_fit(x_na, y_ng, bend_coef, nr_ma, nr_coef, method="newton"):
    N,D = x_na.shape
    lin_ag, trans_g, w_ng = tps_fit2(x_na, y_ng, bend_coef, 1e-3)
    #return lin_ag, trans_g, w_ng

    ##for testing that it takes one step when nonrigidity cost is zero:
    #lin_ag, trans_g, w_ng = tps_fit(x_na, y_ng, bend_coef, 0)
    #res_cost, bend_cost, nr_cost, fval = tps_nr_cost_eval(lin_ag, trans_g, w_ng, x_na, nr_ma, bend_coef, nr_coef, return_tuple=True)
    #print "CORRECT COST, res,bend,nr,total = %.3e, %.3e, %.3e, %.3e"%(res_cost, bend_cost, nr_cost, fval)
    #lin_ag += np.random.randn(*lin_ag.shape)*5
    #res_cost, bend_cost, nr_cost, fval = tps_nr_cost_eval(lin_ag, trans_g, w_ng, x_na, nr_ma, bend_coef, nr_coef, return_tuple=True)
    #print "NOISE ADDED COST, res,bend,nr,total = %.ef, %.3e, %.3e, %.3e"%(res_cost, bend_cost, nr_cost, fval)
    
    _u,_s,_vh = np.linalg.svd(np.c_[x_na, np.ones((N,1))], full_matrices=True)
    N_nq = _u[:,4:] # null of data
    #w_ng = N_nq.dot(N_nq.T.dot(w_ng))
        
    K_nn = tps_kernel_matrix(x_na)
    Q_nn = np.c_[x_na, np.ones((N,1)),K_nn.dot(N_nq)]
    QQ_nn = np.dot(Q_nn.T, Q_nn)
    Bend_nn = np.zeros((N,N))
    Bend_nn[4:, 4:] = - N_nq.T.dot(K_nn.dot(N_nq))
    
    n_iter=60
    for i in xrange(n_iter):
        X_ng = np.r_[lin_ag, trans_g[None,:], N_nq.T.dot(w_ng)]

        res_cost, bend_cost, nr_cost, fval = tps_nr_cost_eval(lin_ag, trans_g, w_ng, x_na, y_ng, nr_ma, bend_coef, nr_coef, return_tuple=True)
        if VERBOSE: print colorize("iteration %i, cost %.3e"%(i, fval), 'red'),
        if VERBOSE: print "= %.3e (res) + %.3e (bend) + %.3e (nr)"%(res_cost, bend_cost, nr_cost)
                
        
        Jl_zcg, Jt_zg, Jw_zng = tps_nr_grad(nr_ma, lin_ag, trans_g, w_ng, x_na, return_tuple=True)
        nrerr_z = tps_nr_err(nr_ma, lin_ag, trans_g, w_ng, x_na)
        
        
        if method == "newton":
            fullstep_ng = np.empty((N,D))
            for g in xrange(D):
                J_zn = np.c_[Jl_zcg[:,g::D], Jt_zg[:,g::D], Jw_zng[:,g::D].dot(N_nq)]
                JJ_nn = np.dot(J_zn.T, J_zn)
                A = nr_coef*JJ_nn + QQ_nn + bend_coef*Bend_nn
                X0 = X_ng[:,g]
                B = nr_coef*np.dot(J_zn.T, np.dot(J_zn, X0) - nrerr_z) + Q_nn.T.dot(y_ng[:,g])
                fullstep_ng[:,g] = np.linalg.solve(A,B) - X_ng[:,g]

        elif method == "gradient":
            # def eval_partial(cand_X_ng):
            #     cand_X_ng = cand_X_ng.reshape(-1,3)
            #     cand_lin_ag, cand_trans_g, cand_w_ng = cand_X_ng[:D], cand_X_ng[D], N_nq.dot(cand_X_ng[D+1:])
            #     fval_cand = tps_nr_cost_eval(cand_lin_ag, cand_trans_g, cand_w_ng, x_na, y_ng, nr_ma, bend_coef, nr_coef)
            #     return fval_cand
            # def eval_partial2(cand_X_ng):
            #     return ((Q_nn.dot(X_ng) - y_ng)**2).sum()
            # def eval_partial3(cand_X_ng):
            #     cand_X_ng = cand_X_ng.reshape(-1,3)
            #     cand_lin_ag, cand_trans_g, cand_w_ng = cand_X_ng[:D], cand_X_ng[D], N_nq.dot(cand_X_ng[D+1:])
            #     return ((y_ng - tps_eval(x_na, cand_lin_ag, cand_trans_g, cand_w_ng, x_na))**2).sum()
            
            
            grad_ng = np.empty((N,D))
            for g in xrange(D-1,-1,-1):
                Jnr_zn = np.c_[Jl_zcg[:,g::D], Jt_zg[:,g::D], Jw_zng[:,g::D].dot(N_nq)]
                grad_ng[:,g] = 2 * nr_coef * nrerr_z.dot(Jnr_zn) \
                    + 2 * Q_nn.T.dot(Q_nn.dot(X_ng[:,g]) - y_ng[:,g]) \
                    + 2 * bend_coef * Bend_nn.dot(X_ng[:,g])

            #assert np.allclose(eval_partial2(X_ng), eval_partial3(X_ng))
            #assert np.allclose(eval_partial(X_ng), eval_partial2(X_ng))
            #grad0_ng = ndt.Gradient(eval_partial)(X_ng.flatten()).reshape(-1,3)
            fullstep_ng = -grad_ng
            #assert np.allclose(grad0_ng, grad_ng)
            
            
            

        cost_improved = False
        for stepsize in 3.**np.arange(0,-10,-1):
            cand_X_ng = X_ng + fullstep_ng*stepsize
            cand_lin_ag, cand_trans_g, cand_w_ng = cand_X_ng[:D], cand_X_ng[D], N_nq.dot(cand_X_ng[D+1:])
            fval_cand = tps_nr_cost_eval(cand_lin_ag, cand_trans_g, cand_w_ng, x_na, y_ng, nr_ma, bend_coef, nr_coef)
            if VERBOSE: print "stepsize: %.1g, fval: %.3e"%(stepsize, fval_cand)
            if fval_cand < fval:
                cost_improved = True
                break
        if not cost_improved:
            if VERBOSE: print "couldn't improve objective"
            break

            
        lin_ag = cand_lin_ag
        trans_g = cand_trans_g
        w_ng = cand_w_ng
    return lin_ag, trans_g, w_ng




[docs]def tps_nr_fit_enhanced(x_na, y_ng, bend_coef, nr_ma, nr_coef):
    
    N,D = x_na.shape
    M = nr_ma.shape[0]
    E = N + 4*M
    F = E - M
    Q = N + 3*M - 4
    
    s = .1 # tetrahedron sidelength (meters)
    u = 1/(2*np.sqrt(2))
    
    tetra_pts = []
    for pt in nr_ma:
        tetra_pts.append(s*np.r_[-.5, 0, -u]+pt)
        tetra_pts.append(s*np.r_[+.5, 0, -u]+pt)
        tetra_pts.append(s*np.r_[0, -.5, +u]+pt)
        tetra_pts.append(s*np.r_[0, +.5, +u]+pt)
    
    x_ea = np.r_[x_na, tetra_pts]

    badsub_ex = np.c_[x_ea, np.ones((E,1)), np.r_[np.zeros((N,M)), np.repeat(np.eye(M), 4, axis=0)]]    
    lin_ag, trans_g, w_ng = tps_fit2(x_na, y_ng,  bend_coef, 1e-3)
    w_eg = np.r_[w_ng, np.zeros((4*M, D))]

    assert badsub_ex.shape[0] >= badsub_ex.shape[1]
    _u,_s,_vh = np.linalg.svd(badsub_ex, full_matrices=True)
    assert badsub_ex.shape[1] == _s.size
    N_eq = _u[:,badsub_ex.shape[1]:] # null of data
        
    assert N_eq.shape == (E,Q)

    assert E == N + 4*M
    assert F == Q + 4
    # e is number of kernels
    # q is number of nonrigid dofs
    # f is total number of dofs
    K_ee = tps_kernel_matrix(x_ea)
    K_ne = K_ee[:N, :]
    Q_nf = np.c_[x_na, np.ones((N,1)),K_ne.dot(N_eq)]
    QQ_ff = np.dot(Q_nf.T, Q_nf)
    Bend_ff = np.zeros((F,F))
    Bend_ff[4:, 4:] = - N_eq.T.dot(K_ee.dot(N_eq)) # K_qq
    
    assert Q_nf.shape == (N, F)
    assert w_eg.shape == (E, D)
    
    n_iter=40
    for i in xrange(n_iter):
        
        
        # if plotting and i%plotting==0:
            # import lfd.registration as lr
            # lr.Globals.setup()
            # def eval_partial(x_ma):
            #     return tps_eval(x_ma, lin_ag, trans_g, w_eg, x_ea) 
            # lr.plot_orig_and_warped_clouds(eval_partial, x_na, y_ng, res=.008)            
        
        X_fg = np.r_[lin_ag, 
                    trans_g[None,:], 
                    N_eq.T.dot(w_eg)]

        res_cost, bend_cost, nr_cost, fval = tps_nr_cost_eval_general(lin_ag, trans_g, w_eg, x_ea, y_ng, nr_ma, bend_coef, nr_coef, return_tuple=True)
        if VERBOSE: print colorize("iteration %i, cost %.3e"%(i, fval), 'red'),
        if VERBOSE: print "= %.3e (res) + %.3e (bend) + %.3e (nr)"%(res_cost, bend_cost, nr_cost)
                
        
        Jl_zcg, Jt_zg, Jw_zeg = tps_nr_grad(nr_ma, lin_ag, trans_g, w_eg, x_ea, return_tuple=True)
        nrerr_z = tps_nr_err(nr_ma, lin_ag, trans_g, w_eg, x_ea)        
        
        fullstep_fg = np.empty((F,D))
        for g in xrange(D):
            J_zf = np.c_[Jl_zcg[:,g::D], Jt_zg[:,g::D], Jw_zeg[:,g::D].dot(N_eq)]
            JJ_ff = np.dot(J_zf.T, J_zf)
            A_ff = nr_coef*JJ_ff + QQ_ff + bend_coef*Bend_ff
            X0 = X_fg[:,g]
            B_f = nr_coef*np.dot(J_zf.T, np.dot(J_zf, X0) - nrerr_z) + Q_nf.T.dot(y_ng[:,g])
            fullstep_fg[:,g] = np.linalg.solve(A_ff,B_f) - X_fg[:,g]

        cost_improved = False
        for stepsize in 3.**np.arange(0,-10,-1):
            cand_X_fg = X_fg + fullstep_fg*stepsize
            cand_lin_ag, cand_trans_g, cand_w_eg = cand_X_fg[:D], cand_X_fg[D], N_eq.dot(cand_X_fg[D+1:])
            fval_cand = tps_nr_cost_eval_general(cand_lin_ag, cand_trans_g, cand_w_eg, x_ea, y_ng, nr_ma, bend_coef, nr_coef, return_tuple=False)
            if VERBOSE: print "stepsize: %.1g, fval: %.3e"%(stepsize, fval_cand)
            if fval_cand < fval:
                cost_improved = True
                break
        if not cost_improved:
            if VERBOSE: print "couldn't improve objective"
            break

            
        lin_ag = cand_lin_ag
        trans_g = cand_trans_g
        w_eg = cand_w_eg
    return lin_ag, trans_g, w_eg, x_ea



[docs]def tps_fit_fixedrot(x_na, y_ng, bend_coef, lin_ag, K_nn = None, wt_n=None):
    """
    minimize (Y-KA-XB-1C)'W(Y-KA-XB-1C) + tr(A'KA) + r(B)
    """
    if wt_n is not None: raise NotImplementedError
    
    N,_D = x_na.shape
    _u,_s,_vh = np.linalg.svd(np.c_[x_na, np.ones((N,1))], full_matrices=True)
    N_nq = _u[:,4:] # null of data
    K_nn = tps_kernel_matrix(x_na)

    Q_nn = np.c_[np.ones((N,1)),K_nn.dot(N_nq)]
    QQ_nn = np.dot(Q_nn.T, Q_nn)
    
    A = QQ_nn
    A[1:, 1:] += bend_coef * N_nq.T.dot(K_nn).dot(N_nq)
    B = Q_nn.T.dot(y_ng-x_na.dot(lin_ag))

    X = np.linalg.solve(A,B)

    trans_g = X[0,:]    
    w_ng = N_nq.dot(X[1:,:])
    return trans_g, w_ng
    


[docs]def tps_fit_regrot(x_na, y_ng, bend_coef, rfunc, wt_n=None, max_iter = 1, inner_max_iter=100, rgrad=None, l_init=None):
    """
    minimize (Y-KA-XB-1C)' W (Y-KA-XB-1C) + tr(A'KA) + r(B)
    subject to A'(X 1) = 0
    """
    if rgrad is not None: raise NotImplementedError
    if wt_n is not None: raise NotImplementedError


    N,_D = x_na.shape
    K_nn = tps_kernel_matrix(x_na)
    # initialize with tps_fit and small rotation regularization
    if l_init is None: 
        lin_ag, trans_g, w_ng = tps_fit3(x_na, y_ng, bend_coef, .01, wt_n)
    else:
        lin_ag = l_init
        if True: print "initializing rotation with\n ",lin_ag
        trans_g, w_ng = tps_fit_fixedrot(x_na, y_ng, bend_coef, lin_ag, K_nn, wt_n)
    #w_ng *= 0
    Q_nn = np.eye(N) - np.outer(np.ones(N), np.ones(N))/N
    for _ in xrange(max_iter):
        e_ng = y_ng - K_nn.dot(w_ng)
        xQe_ag = x_na.T.dot(Q_nn).dot(e_ng)
        xQx_aa = x_na.T.dot(Q_nn).dot(x_na)
        eQe_g = ((e_ng - e_ng.mean(axis=0))**2).sum(axis=0)
        def f(x): 
            b_ag = x.reshape(3,3)
            out = sum([b_ag[:,i].T.dot(xQx_aa).dot(b_ag[:,i]) - 2*b_ag[:,i].T.dot(xQe_ag[:,i]) + eQe_g[i] for i in xrange(3)]) + rfunc(b_ag)
            return out
        x0 = lin_ag.flatten()
        (soln, fopt,_,_,_,_,allsolns) = opt.fmin_powell(f, x0, maxiter=inner_max_iter, disp=bool(VERBOSE), retall=True, full_output=True)
        if not np.isfinite(soln).all(): 
            print "warning, optimization gave infinite result"
            soln = allsolns[-2]
        if not np.isfinite(fopt):
            soln = lin_ag
            print "warning, optimization gave fopt=infinity"
        lin_ag = soln.reshape(3,3)
        assert np.isfinite(lin_ag).all()
        trans_g, w_ng = tps_fit_fixedrot(x_na, y_ng, bend_coef, lin_ag, K_nn, wt_n)
    #trans_g = y_ng.mean(axis=0) - tps_eval(x_na, lin_ag, np.zeros(3), w_ng, x_na).mean(axis=0)
    if VERBOSE: print "rotation result", lin_ag
    return lin_ag, trans_g, w_ng

#def tps_fit_regrot2(x_na, y_ng, bend_coef, rfunc, wt_n=None, max_iter = 20):
    #"""
    #minimize (Y-KA-XB-1C)' W (Y-KA-XB-1C) + tr(A'KA) + r(B)
    #subject to A'(X 1) = 0
    #"""
    #K_nn = ssd.squareform(ssd.pdist(x_na))
    #N,_ = x_na.shape
    #def f(x):
        #x = x.reshape(N+4,3)
        #lin_ag = x[:3]
        #trans_g = x[3]
        #w_ng = x[4:]
        #return tps_cost_regrot(lin_ag, trans_g, w_ng, x_na, y_ng, bend_coef, rfunc, K_nn, wt_n)
    #lin_ag, trans_g, w_ng = tps_fit2(x_na, y_ng, bend_coef, .01, wt_n)
    #w_ng *= 0
    #xopt = opt.fmin_powell(f, np.r_[lin_ag, trans_g[None,:], w_ng].flatten(), maxiter=max_iter)
    #lin_ag = xopt[:3]
    #trans_g = xopt[3]
    #w_ng = xopt[4:]
    #return lin_ag, trans_g, w_ng



[docs]def tps_cost_regrot(lin_ag, trans_g, w_ng, x_na, y_ng, bend_coef, rfunc, K_nn = None, wt_n=None):
    """
    (Y-KA-XB-1C)' W (Y-KA-XB-1C) + tr(A'KA) + r(B)
    subject to A'(X 1) = 0
    """
    if wt_n is not None: raise NotImplementedError
    return tps_cost(lin_ag, trans_g, w_ng, x_na, y_ng, bend_coef, K_nn) + rfunc(lin_ag)
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  Source code for lfd.tpsopt.culinalg_exts

import pycuda.gpuarray as gpuarray
import pycuda.driver as drv
import pycuda.autoinit
from scikits.cuda import misc, cublas
from string import lower, upper
import numpy as np

[docs]def get_gpu_ptrs(arr, (m, n) = (0, 0)):
    shape = arr[0].shape
    if len(shape) == 1:        
        ptrs = [int(x[m:].gpudata) for x in arr]
    else:
        ptrs = [int(x[m:, n:].gpudata) for x in arr]
    return gpuarray.to_gpu(np.array(ptrs))


[docs]def m_dot_batch(*args):
    tmp_arr, tmp_ptrs, _trans = args[0]
    for next_arr, next_ptrs, trans in args[1:]:
        tmp_arr, tmp_ptrs = dot_batch(tmp_arr, next_arr, tmp_ptrs, next_ptrs,
                                      transa = _trans, transb = trans)
        _trans = 'N'#so we only do it once
    return tmp_arr, tmp_ptrs
    

[docs]def dot_batch(a_arr_gpu, b_arr_gpu, a_ptr_gpu, b_ptr_gpu,
              transa = 'N', transb = 'N'):
    N = len(a_arr_gpu)
    a_shape = a_arr_gpu[0].shape
    a_dtype = a_arr_gpu[0].dtype
    if len(a_shape) == 1:        
        a_shape = (1, a_shape[0])
    b_shape = b_arr_gpu[0].shape
    if len(b_shape) == 1:
        b_shape = (1, b_shape[0])

    transa = lower(transa)
    transb = lower(transb)

    if transb in ['t', 'c']:
        m, k = b_shape
    elif transb in ['n']:
        k, m = b_shape
    else:
        raise ValueError('invalid value for transb')
    
    if transa in ['t', 'c']:
        l, n = a_shape
    elif transa in ['n']:
        n, l = a_shape
    else:
        raise ValueError('invalid value for transa')    

    c_shape = (n, m)
    
    c_arr_gpu = [gpuarray.empty(c_shape, a_dtype) for _ in range(N)]
    c_ptr_gpu = get_gpu_ptrs(c_arr_gpu)

    dot_batch_nocheck(a_arr_gpu, b_arr_gpu, c_arr_gpu,
                      a_ptr_gpu, b_ptr_gpu, c_ptr_gpu,
                      transa, transb, b = 0)
    return c_arr_gpu, c_ptr_gpu


[docs]def dot_batch_nocheck(a_arr_gpu, b_arr_gpu, c_arr_gpu, a_ptr_gpu, b_ptr_gpu, c_ptr_gpu,
                      transa = 'N', transb = 'N', a = 1, b = 1, handle = None):
    """
    Implementation of batched dot products using cuda.    

    Parameters
    ----------
    a_arr_gpu : list of pycuda.gpuarray.GPUArray
        Input array.
    b_arr_gpu : list of pycuda.gpuarray.GPUArray
        Input array.
    c_arr_gpu : list of pycuda.gpuarray.GPUArray
        Input/Output array.
    a_ptr_gpu : pycuda.gpuarray.GPUArray
        Array of pointers to arrays in a_arr_gpu
    b_ptr_gpu : pycuda.gpuarray.GPUArray
        Array of pointers to arrays in b_arr_gpu
    c_ptr_gpu : pycuda.gpuarray.GPUArray
        Array of pointers to arrays in c_arr_gpu
    transa : char
        If 'T', compute the product of the transpose of `a_arr_gpu[i]`.
        If 'C', compute the product of the Hermitian of `a_arr_gpu[i]`.
    transb : char
        If 'T', compute the product of the transpose of `b_arr_gpu[i]`.
        If 'C', compute the product of the Hermitian of `b_arr_gpu[i]`.
    handle : int
        CUBLAS context. If no context is specified, the default handle from
        `scikits.cuda.misc._global_cublas_handle` is used.

    Returns
    -------
    None. Output is stored into the arrays in c_arr_gpu

    Notes
    -----
    The input matrices must all contain elements of the same data type.
    All matrics in a list must have same size.

    Examples
    --------
    >>> import pycuda.driver
    >>> import pycuda.autoinit
    >>> from pycuda import gpuarray
    >>> import numpy as np
    >>> from scikits.cuda import linalg
    >>> linalg.init()
    >>> a_arr = [np.asarray(np.random.rand(4, 2), np.float32) for i in range(10)]
    >>> b_arr = [np.asarray(np.random.rand(2, 2), np.float32) for i in range(10)]
    >>> c_arr = [np.asarray(np.random.rand(4, 2), np.float32) for i in range(10)]
    >>> a_arr_gpu = [gpuarray.to_gpu(a_gpu) for a_gpu in a_arr]
    >>> b_arr_gpu = [gpuarray.to_gpu(b_gpu) for b_gpu in b_arr]
    >>> c_arr_gpu = [gpuarray.to_gpu(c_gpu) for c_gpu in c_arr]
    >>> a_ptr_gpu = gpuarray.to_gpu(np.asarray([int(a_gpu.gpudata) for a_gpu in a_arr_gpu]))    
    >>> b_ptr_gpu = gpuarray.to_gpu(np.asarray([int(b_gpu.gpudata) for b_gpu in b_arr_gpu]))
    >>> c_ptr_gpu = gpuarray.to_gpu(np.asarray([int(c_gpu.gpudata) for c_gpu in c_arr_gpu]))
    >>> linalg.dot_batch_nocheck(a_arr_gpu, b_arr_gpu, c_arr_gpu, a_ptr_gpu, b_ptr_gpu, c_ptr_gpu)
    >>> for i in range(10):
    ...   print np.allclose(np.dot(a_arr[i], b_arr[i]) + c_arr[i], c_arr_gpu[i].get())
    ... 
    True
    True
    True
    True
    True
    True
    True
    True
    True
    True
    >>>
    """
    if handle is None:
        handle = misc._global_cublas_handle
    N = len(a_arr_gpu)
    a_shape = a_arr_gpu[0].shape
    a_dtype = a_arr_gpu[0].dtype
    b_shape = b_arr_gpu[0].shape
    b_dtype = b_arr_gpu[0].dtype
    c_shape = c_arr_gpu[0].shape
    c_dtype = c_arr_gpu[0].dtype
    
    for i in range(N):
        assert a_arr_gpu[i].shape == a_shape
        assert a_arr_gpu[i].dtype == a_dtype
        assert b_arr_gpu[i].shape == b_shape
        assert b_arr_gpu[i].dtype == b_dtype
        assert c_arr_gpu[i].shape == c_shape
        assert c_arr_gpu[i].dtype == c_dtype

        assert a_arr_gpu[i].flags.c_contiguous
        assert b_arr_gpu[i].flags.c_contiguous
        assert c_arr_gpu[i].flags.c_contiguous

    if len(a_shape) == 1:        
        a_shape = (1, a_shape[0])
    if len(b_shape) == 1:
        b_shape = (1, b_shape[0])
    if len(c_shape) == 1:
        c_shape = (1, c_shape[0])

    transa = lower(transa)
    transb = lower(transb)

    if transb in ['t', 'c']:
        m, k = b_shape
    elif transb in ['n']:
        k, m = b_shape
    else:
        raise ValueError('invalid value for transb')
    
    if transa in ['t', 'c']:
        l, n = a_shape
    elif transa in ['n']:
        n, l = a_shape
    else:
        raise ValueError('invalid value for transa')

    i, j = c_shape
    
    if l != k:
        raise ValueError('objects are not aligned')    
    if i != n:
        raise ValueError('objects are not aligned')
    if j != m:
        raise ValueError('objects are not aligned')
    
    if transb == 'n':
        lda = max(1, m)
    else:
        lda = max(1, k)

    if transa == 'n':
        ldb = max(1, k)
    else:
        ldb = max(1, n)

    ldc = max(1, m)
    
    if (a_dtype == np.complex64 and b_dtype == np.complex64 \
            and c_dtype == np.complex64):
        cublas_func = cublas.cublasCgemmBatched
        alpha = np.complex64(a)
        beta = np.complex64(b)
    elif (a_dtype == np.float32 and b_dtype == np.float32\
            and c_dtype == np.float32):
        cublas_func = cublas.cublasSgemmBatched
        alpha = np.float32(a)
        beta = np.float32(b)
    elif (a_dtype == np.complex128 and b_dtype == np.complex128\
            and c_dtype == np.complex128):
        cublas_func = cublas.cublasZgemmBatched
        alpha = np.complex128(a)
        beta = np.complex128(b)
    elif (a_dtype == np.float64 and b_dtype == np.float64\
            and c_dtype == np.float64):
        cublas_func = cublas.cublasDgemmBatched
        alpha = np.float64(a)
        beta = np.float64(b)
    else:
        raise ValueError('unsupported combination of input types')

    cublas_func(handle, transb, transa, m, n, k, alpha, b_ptr_gpu.gpudata, lda, 
                a_ptr_gpu.gpudata, ldb, beta, c_ptr_gpu.gpudata, ldc, N)
# @profile

[docs]def batch_sum(a_arr_gpu, a_ptr_gpu):
    """
    computes a sum of all of the arrays pointed to by a_arr_gpu and a_ptr_gpu
    """
    if len(a_arr_gpu[0].shape) != 1:
        n, m       = a_arr_gpu[0].shape
        total_size = n * m
        flat_a_gpu = [a.ravel() for a in a_arr_gpu]
    else:
        total_size = a_arr_gpu[0].shape[0]
        flat_a_gpu = a_arr_gpu

    ones_vec      = gpuarray.to_gpu_async(np.ones((total_size, 1), dtype=np.float32))
    ones_arr_gpu  = [ones_vec for i in range(len(a_arr_gpu))]
    ones_ptr_gpu  = get_gpu_ptrs(ones_arr_gpu)

    res_arr, res_ptrs = dot_batch(flat_a_gpu, ones_arr_gpu, a_ptr_gpu, ones_ptr_gpu)
    return [r.get()[0] for r in res_arr]


[docs]def gemm(a_gpu, b_gpu, c_gpu, transa='N', transb='N', alpha=1, beta=0, handle=None):
    if handle is None:
        handle = misc._global_cublas_handle
    if len(a_gpu.shape) == 1 and len(b_gpu.shape) == 1:
        raise RuntimeError('dot products not supported for gemm')

    # Get the shapes of the arguments (accounting for the
    # possibility that one of them may only have one dimension):
    a_shape = a_gpu.shape
    b_shape = b_gpu.shape
    if len(a_shape) == 1:
        a_shape = (1, a_shape[0])
    if len(b_shape) == 1:
        b_shape = (1, b_shape[0])

    # Perform matrix multiplication for 2D arrays:
    if (a_gpu.dtype == np.complex64 and b_gpu.dtype == np.complex64):
        cublas_func = cublas.cublasCgemm
        alpha = np.complex64(alpha)
        beta = np.complex64(beta)
    elif (a_gpu.dtype == np.float32 and b_gpu.dtype == np.float32):
        cublas_func = cublas.cublasSgemm
        alpha = np.float32(alpha)
        beta = np.float32(beta)
    elif (a_gpu.dtype == np.complex128 and b_gpu.dtype == np.complex128):
        cublas_func = cublas.cublasZgemm
        alpha = np.complex128(alpha)
        beta = np.complex128(beta)
    elif (a_gpu.dtype == np.float64 and b_gpu.dtype == np.float64):
        cublas_func = cublas.cublasDgemm
        alpha = np.float64(alpha)
        beta = np.float64(beta)
    else:
        raise ValueError('unsupported combination of input types')

    transa = transa.lower()
    transb = transb.lower()

    if a_gpu.flags.c_contiguous != b_gpu.flags.c_contiguous:
        raise ValueError('unsupported combination of input order')

    if a_gpu.flags.f_contiguous:
        if transa in ['t', 'c']:
            k, m = a_shape
        elif transa in ['n']:
            m, k = a_shape
        else:
            raise ValueError('invalid value for transa')

        if transb in ['t', 'c']:
            n, l = b_shape
        elif transb in ['n']:
            l, n = b_shape
        else:
            raise ValueError('invalid value for transb')

        if l != k:
            raise ValueError('objects are not aligned')

        lda = max(1, a_shape[0])
        ldb = max(1, b_shape[0])
        ldc = max(1, m)

        if c_gpu.shape != (m, n) or c_gpu.dtype != a_gpu.dtype:
            raise ValueError('invalid value for c_gpu')
        if a_gpu.flags.f_contiguous != c_gpu.flags.f_contiguous:
            raise ValueError('invalid order for c_gpu')
        cublas_func(handle, transa, transb, m, n, k, alpha, a_gpu.gpudata,
                lda, b_gpu.gpudata, ldb, beta, c_gpu.gpudata, ldc)
    else:
        if transb in ['t', 'c']:
            m, k = b_shape
        elif transb in ['n']:
            k, m = b_shape
        else:
            raise ValueError('invalid value for transb')

        if transa in ['t', 'c']:
            l, n = a_shape
        elif transa in ['n']:
            n, l = a_shape
        else:
            raise ValueError('invalid value for transa')

        if l != k:
            raise ValueError('objects are not aligned')

        lda = max(1, b_shape[1])
        ldb = max(1, a_shape[1])
        ldc = max(1, m)

        # Note that the desired shape of the output matrix is the transpose
        # of what CUBLAS assumes:
        if c_gpu.shape != (n, ldc) or c_gpu.dtype != a_gpu.dtype:
            raise ValueError('invalid value for c_gpu')
        if a_gpu.flags.f_contiguous != c_gpu.flags.f_contiguous:
            raise ValueError('invalid order for c_gpu')
        cublas_func(handle, transb, transa, m, n, k, alpha, b_gpu.gpudata,
                lda, a_gpu.gpudata, ldb, beta, c_gpu.gpudata, ldc)


[docs]def geam(a_gpu, b_gpu, c_gpu, transa='N', transb='N', alpha=1, beta=1, handle=None):
    if handle is None:
        handle = misc._global_cublas_handle
    if len(a_gpu.shape) == 1 and len(b_gpu.shape) == 1:
        raise RuntimeError('dot products not supported for geam')

    # Get the shapes of the arguments (accounting for the
    # possibility that one of them may only have one dimension):
    a_shape = a_gpu.shape
    b_shape = b_gpu.shape
    if len(a_shape) == 1:
        a_shape = (1, a_shape[0])
    if len(b_shape) == 1:
        b_shape = (1, b_shape[0])

    # Perform matrix multiplication for 2D arrays:
    if (a_gpu.dtype == np.complex64 and b_gpu.dtype == np.complex64):
        cublas_func = cublas.cublasCgeam
        alpha = np.complex64(alpha)
        beta = np.complex64(beta)
    elif (a_gpu.dtype == np.float32 and b_gpu.dtype == np.float32):
        cublas_func = cublas.cublasSgeam
        alpha = np.float32(alpha)
        beta = np.float32(beta)
    elif (a_gpu.dtype == np.complex128 and b_gpu.dtype == np.complex128):
        cublas_func = cublas.cublasZgeam
        alpha = np.complex128(alpha)
        beta = np.complex128(beta)
    elif (a_gpu.dtype == np.float64 and b_gpu.dtype == np.float64):
        cublas_func = cublas.cublasDgeam
        alpha = np.float64(alpha)
        beta = np.float64(beta)
    else:
        raise ValueError('unsupported combination of input types')

    transa = transa.lower()
    transb = transb.lower()

    if a_gpu.flags.c_contiguous != b_gpu.flags.c_contiguous:
        raise ValueError('unsupported combination of input order')

    if a_gpu.flags.f_contiguous:
        if transa in ['t', 'c']:
            k, m = a_shape
        elif transa in ['n']:
            m, k = a_shape
        else:
            raise ValueError('invalid value for transa')

        if transb in ['t', 'c']:
            n, l = b_shape
        elif transb in ['n']:
            l, n = b_shape
        else:
            raise ValueError('invalid value for transb')

        if m != l or k != n:
            raise ValueError('objects are not aligned')

        lda = max(1, a_shape[0])
        ldb = max(1, b_shape[0])
        ldc = max(1, m)

        if c_gpu.shape != (m, n) or c_gpu.dtype != a_gpu.dtype:
            raise ValueError('invalid value for c_gpu')
        if a_gpu.flags.f_contiguous != c_gpu.flags.f_contiguous:
            raise ValueError('invalid order for c_gpu')
        cublas_func(handle, transa, transb, m, n, alpha, a_gpu.gpudata,
                lda, beta, b_gpu.gpudata, ldb, c_gpu.gpudata, ldc)
    else:
        if transb in ['t', 'c']:
            m, k = b_shape
        elif transb in ['n']:
            k, m = b_shape
        else:
            raise ValueError('invalid value for transb')

        if transa in ['t', 'c']:
            l, n = a_shape
        elif transa in ['n']:
            n, l = a_shape
        else:
            raise ValueError('invalid value for transa')

        if m != l or k != n:
            raise ValueError('objects are not aligned')

        lda = max(1, b_shape[1])
        ldb = max(1, a_shape[1])
        ldc = max(1, m)

        # Note that the desired shape of the output matrix is the transpose
        # of what CUBLAS assumes:
        if c_gpu.shape != (n, ldc) or c_gpu.dtype != a_gpu.dtype:
            raise ValueError('invalid value for c_gpu')
        if a_gpu.flags.f_contiguous != c_gpu.flags.f_contiguous:
            raise ValueError('invalid order for c_gpu')
        cublas_func(handle, transb, transa, m, n, alpha, a_gpu.gpudata,
                lda, beta, b_gpu.gpudata, ldb, c_gpu.gpudata, ldc)


if __name__ == '__main__':
    import pycuda.autoinit
    import numpy as np
    from scikits.cuda import linalg
    linalg.init()
    N = 100
    a_arr = [np.asarray(np.random.rand(4, 2), np.float32) for _ in range(N)]
    b_arr = [np.asarray(np.random.rand(2, 2), np.float32) for _ in range(N)]
    c_arr = [np.asarray(np.random.rand(4, 2), np.float32) for _ in range(N)]
    a_arr_gpu = [gpuarray.to_gpu(a_gpu) for a_gpu in a_arr]
    b_arr_gpu = [gpuarray.to_gpu(b_gpu) for b_gpu in b_arr]
    c_arr_gpu = [gpuarray.to_gpu(c_gpu) for c_gpu in c_arr]
    a_ptr_gpu = gpuarray.to_gpu(np.asarray([int(a_gpu.gpudata) for a_gpu in a_arr_gpu]))    
    b_ptr_gpu = gpuarray.to_gpu(np.asarray([int(b_gpu.gpudata) for b_gpu in b_arr_gpu]))
    c_ptr_gpu = gpuarray.to_gpu(np.asarray([int(c_gpu.gpudata) for c_gpu in c_arr_gpu]))
    dot_batch_nocheck(a_arr_gpu, b_arr_gpu, c_arr_gpu, a_ptr_gpu, b_ptr_gpu, c_ptr_gpu)
    success = True
    for i in range(N):
       success &= np.allclose(np.dot(a_arr[i], b_arr[i]) + c_arr[i], c_arr_gpu[i].get())
    print "Test Successful:\t{}".format(success)
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  Source code for lfd.tpsopt.batchtps

#!/usr/bin/env python

from __future__ import division
import h5py
import sys

import numpy as np
import scipy.spatial.distance as ssd
import pycuda.driver as drv
from pycuda import gpuarray
from scikits.cuda import linalg

from lfd.tpsopt import tps

linalg.init()

from lfd.tpsopt.tps import tps_kernel_matrix, tps_eval
from lfd.tpsopt.culinalg_exts import dot_batch_nocheck, get_gpu_ptrs
from lfd.tpsopt.precompute import downsample_cloud, batch_get_sol_params
from cuda_funcs import init_prob_nm, norm_prob_nm, get_targ_pts, check_cuda_err, fill_mat, reset_cuda, sq_diffs, \
    closest_point_cost, scale_points, gram_mat_dist
from lfd.tpsopt.registration import unit_boxify, loglinspace
from lfd.tpsopt.settings import N_ITER_CHEAP, EM_ITER_CHEAP, DEFAULT_LAMBDA, MAX_CLD_SIZE, DATA_DIM, DS_SIZE, N_STREAMS, \
    DEFAULT_NORM_ITERS, BEND_COEF_DIGITS, MAX_TRAJ_LEN

import IPython as ipy
import time


[docs]class Globals:
    sync = False
    streams = []
    for i in range(N_STREAMS):
        streams.append(drv.Stream())


[docs]def get_stream(i):
    return Globals.streams[i % N_STREAMS]


[docs]def sync(override = False):
    if Globals.sync or override:
        check_cuda_err()


[docs]def gpu_pad(x, shape, dtype=np.float32):
    (m, n) = x.shape
    if m > shape[0] or n > shape[1]:
        raise ValueError("Cannot Pad Beyond Normal Dimension")
    x_new = np.zeros(shape, dtype=dtype)    
    x_new[:m, :n] = x
    return gpuarray.to_gpu(x_new)


[docs]class GPUContext(object):
    """
    Class to contain GPU arrays
    """
    def __init__(self, bend_coefs = None):
        if bend_coefs is None:
            lambda_init, lambda_final = DEFAULT_LAMBDA
            bend_coefs = np.around(loglinspace(lambda_init, lambda_final, N_ITER_CHEAP), 
                                    BEND_COEF_DIGITS)
        self.bend_coefs = bend_coefs
        self.ptrs_valid = False
        self.N = 0

        self.tps_params     = []
        self.tps_param_ptrs = None
        self.trans_d        = []
        self.trans_d_ptrs   = None
        self.lin_dd         = []
        self.lin_dd_ptrs    = None
        self.w_nd           = []
        self.w_nd_ptrs      = None
        """
        TPS PARAM FORMAT
        [      np.zeros(DATA_DIM)      ]   [  trans_d  ]   [1 x d]
        [       np.eye(DATA_DIM)       ] = [  lin_dd   ] = [d x d]
        [np.zeros((np.zeros, DATA_DIM))]   [   w_nd    ]   [n x d]
        """
        self.default_tps_params = gpuarray.zeros((DATA_DIM + 1 + MAX_CLD_SIZE, DATA_DIM), np.float32)
        self.default_tps_params[1:DATA_DIM+1, :].set(np.eye(DATA_DIM, dtype=np.float32))

        self.proj_mats       = dict([(b, []) for b in bend_coefs])
        self.proj_mat_ptrs   = dict([(b, None) for b in bend_coefs])
        self.offset_mats     = dict([(b, []) for b in bend_coefs])
        self.offset_mat_ptrs = dict([(b, None) for b in bend_coefs])


        self.pts          = []
        self.pt_ptrs      = None
        self.kernels      = []
        self.kernel_ptrs  = None
        self.pts_w        = []
        self.pt_w_ptrs    = None
        self.pts_t        = []
        self.pt_t_ptrs    = None
        self.dims         = []
        self.dims_gpu     = None
        self.scale_params = []


        self.warp_err      = None
        self.bend_res      = []
        self.bend_res_ptrs = None

        self.corr_cm        = []
        self.corr_cm_ptrs   = None
        self.corr_rm        = []
        self.corr_rm_ptrs   = None
        self.r_coefs        = []
        self.r_coef_ptrs    = None
        self.c_coefs_rn     = []
        self.c_coef_rn_ptrs = None
        self.c_coefs_cn     = []
        self.c_coef_cn_ptrs = None

        self.seg_names      = []
        self.names2inds  = {}

[docs]    def reset_tps_params(self):
        """
        sets the tps params to be identity
        """
        for p in self.tps_params:
            drv.memcpy_dtod_async(p.gpudata, self.default_tps_params.gpudata, p.nbytes)            

[docs]    def set_tps_params(self, vals):
        for d, s in zip(self.tps_params, vals):
            drv.memcpy_dtod_async(d.gpudata, s.gpudata, d.nbytes)            


[docs]    def reset_warp_err(self):
        self.warp_err.fill(0)


[docs]    def check_cld(self, cloud_xyz):
        if cloud_xyz.dtype != np.float32:
            raise TypeError("only single precision operations supported")
        if cloud_xyz.shape[0] > MAX_CLD_SIZE:
            print 'Cloud Size: ', cloud_xyz.shape[0]
            raise ValueError("cloud size exceeds {}".format(MAX_CLD_SIZE))
        if cloud_xyz.shape[1] != DATA_DIM:
            raise ValueError("point cloud must have cumn dimension {}".format(DATA_DIM))
    # @profile

[docs]    def get_sol_params(self, cld):
        self.check_cld(cld)
        K = tps_kernel_matrix(cld)
        proj_mats   = {}
        offset_mats = {}
        (proj_mats_arr, _), (offset_mats_arr, _) = batch_get_sol_params(cld, K, self.bend_coefs)
        for i, b in enumerate(self.bend_coefs):
            proj_mats[b]   = proj_mats_arr[i]
            offset_mats[b] = offset_mats_arr[i]
        return proj_mats, offset_mats, K


[docs]    def add_cld(self, name, proj_mats, offset_mats, cloud_xyz, kernel, scale_params, update_ptrs = False):
        """
        adds a new cloud to our context for batch processing
        """
        self.check_cld(cloud_xyz)
        self.ptrs_valid = False
        self.N += 1
        self.seg_names.append(name)
        self.names2inds[name] = self.N - 1
        self.tps_params.append(self.default_tps_params.copy())
        self.trans_d.append(self.tps_params[-1][0, :])
        self.lin_dd.append(self.tps_params[-1][1:DATA_DIM+1, :])
        self.w_nd.append(self.tps_params[-1][DATA_DIM + 1:, :])
        self.scale_params.append(scale_params)
        n = cloud_xyz.shape[0]
        
        for b in self.bend_coefs:
            proj_mat   = proj_mats[b]
            offset_mat = offset_mats[b]
            self.proj_mats[b].append(gpu_pad(proj_mat, (MAX_CLD_SIZE + DATA_DIM + 1, MAX_CLD_SIZE)))

            if offset_mat.shape != (n + DATA_DIM + 1, DATA_DIM):
                raise ValueError("Offset Matrix has incorrect dimension")
            self.offset_mats[b].append(gpu_pad(offset_mat, (MAX_CLD_SIZE + DATA_DIM + 1, DATA_DIM)))


        if n > MAX_CLD_SIZE or cloud_xyz.shape[1] != DATA_DIM:
            raise ValueError("cloud_xyz has incorrect dimension")
        self.pts.append(gpu_pad(cloud_xyz, (MAX_CLD_SIZE, DATA_DIM)))
        if kernel.shape != (n, n):
            raise ValueError("dimension mismatch b/t kernel and cloud")
        self.kernels.append(gpu_pad(kernel, (MAX_CLD_SIZE, MAX_CLD_SIZE)))
        self.dims.append(n)

        self.pts_w.append(gpuarray.zeros_like(self.pts[-1]))
        self.pts_t.append(gpuarray.zeros_like(self.pts[-1]))
        self.corr_cm.append(gpuarray.zeros((MAX_CLD_SIZE, MAX_CLD_SIZE), np.float32))
        self.corr_rm.append(gpuarray.zeros((MAX_CLD_SIZE, MAX_CLD_SIZE), np.float32))
        self.r_coefs.append(gpuarray.zeros((MAX_CLD_SIZE, 1), np.float32))
        self.c_coefs_rn.append(gpuarray.zeros((MAX_CLD_SIZE, 1), np.float32))
        self.c_coefs_cn.append(gpuarray.zeros((MAX_CLD_SIZE, 1), np.float32))

        if update_ptrs:
            self.update_ptrs()


[docs]    def update_ptrs(self):
        self.tps_param_ptrs = get_gpu_ptrs(self.tps_params)
        self.trans_d_ptrs   = get_gpu_ptrs(self.trans_d)
        self.lin_dd_ptrs    = get_gpu_ptrs(self.lin_dd)
        self.w_nd_ptrs      = get_gpu_ptrs(self.w_nd)
        
        for b in self.bend_coefs:
            self.proj_mat_ptrs[b]   = get_gpu_ptrs(self.proj_mats[b])
            self.offset_mat_ptrs[b] = get_gpu_ptrs(self.offset_mats[b])

        self.pt_ptrs        = get_gpu_ptrs(self.pts)
        self.kernel_ptrs    = get_gpu_ptrs(self.kernels)
        self.pt_w_ptrs      = get_gpu_ptrs(self.pts_w)
        self.pt_t_ptrs      = get_gpu_ptrs(self.pts_t)
        self.corr_cm_ptrs   = get_gpu_ptrs(self.corr_cm)
        self.corr_rm_ptrs   = get_gpu_ptrs(self.corr_rm)
        self.r_coef_ptrs    = get_gpu_ptrs(self.r_coefs)
        self.c_coef_rn_ptrs = get_gpu_ptrs(self.c_coefs_rn)
        self.c_coef_cn_ptrs = get_gpu_ptrs(self.c_coefs_cn)
        # temporary space for warping cost computations
        self.warp_err        = gpuarray.zeros((self.N, MAX_CLD_SIZE), np.float32)
        self.bend_res_mat    = gpuarray.zeros((DATA_DIM * self.N, DATA_DIM), np.float32)
        self.bend_res        =[self.bend_res_mat[i*DATA_DIM:(i+1)*DATA_DIM] for i in range(self.N)]
        self.bend_res_ptrs   = get_gpu_ptrs(self.bend_res)

        self.dims_gpu = gpuarray.to_gpu(np.array(self.dims, dtype=np.int32))
        self.ptrs_valid = True


[docs]    def read_h5(self, fname):
        f = h5py.File(fname, 'r')
        for seg_name, seg_info in f.iteritems():
            if 'inv' not in seg_info:
                raise KeyError("Batch Mode only works with precomputed solvers")
            seg_info = seg_info['inv']

            proj_mats   = {}
            offset_mats = {}
            for b in self.bend_coefs:
                k = str(b)
                if k not in seg_info:
                    raise KeyError("H5 File {} bend coefficient {}".format(seg_name, k))
                proj_mats[b] = seg_info[k]['proj_mat'][:]
                offset_mats[b] = seg_info[k]['offset_mat'][:]

            ds_g         = seg_info['DS_SIZE_{}'.format(DS_SIZE)]
            cloud_xyz    = ds_g['scaled_cloud_xyz'][:]
            kernel       = ds_g['scaled_K_nn'][:]
            scale_params = (ds_g['scaling'][()], ds_g['scaled_translation'][:])
            self.add_cld(seg_name, proj_mats, offset_mats, cloud_xyz, kernel, scale_params)

        f.close()
        self.update_ptrs()


    # @profile

[docs]    def setup_tgt_ctx(self, cloud_xyz):
        """
        returns a GPUContext where all the clouds are cloud_xyz
        and matched in length with this contex

        assumes cloud_xyz is already downsampled and scaled
        """        
        tgt_ctx = TgtContext(self)
        tgt_ctx.set_cld(cloud_xyz)
        return tgt_ctx

    # @profile

[docs]    def transform_points(self):
        """
        computes the warp of self.pts under the current tps params
        """
        fill_mat(self.pt_w_ptrs, self.trans_d_ptrs, self.dims_gpu, self.N)
        dot_batch_nocheck(self.pts,         self.lin_dd,      self.pts_w,
                          self.pt_ptrs,     self.lin_dd_ptrs, self.pt_w_ptrs) 
        dot_batch_nocheck(self.kernels,     self.w_nd,        self.pts_w,
                          self.kernel_ptrs, self.w_nd_ptrs,   self.pt_w_ptrs) 
        sync()
    
    # @profile

[docs]    def get_target_points(self, other, outlierprior=1e-1, outlierfrac=1e-2, outliercutoff=1e-2, 
                          T = 5e-3, norm_iters = DEFAULT_NORM_ITERS):
        """
        computes the target points for self and other
        using the current warped points for both                
        """
        init_prob_nm(self.pt_ptrs, other.pt_ptrs, 
                     self.pt_w_ptrs, other.pt_w_ptrs, 
                     self.dims_gpu, other.dims_gpu,
                     self.N, outlierprior, outlierfrac, T, 
                     self.corr_cm_ptrs, self.corr_rm_ptrs)
        sync()
        norm_prob_nm(self.corr_cm_ptrs, self.corr_rm_ptrs, 
                     self.dims_gpu, other.dims_gpu, self.N, outlierfrac, norm_iters,
                     self.r_coef_ptrs, self.c_coef_rn_ptrs, self.c_coef_cn_ptrs)        
        sync()
        get_targ_pts(self.pt_ptrs, other.pt_ptrs,
                     self.pt_w_ptrs, other.pt_w_ptrs,
                     self.corr_cm_ptrs, self.corr_rm_ptrs,
                     self.r_coef_ptrs, self.c_coef_rn_ptrs, self.c_coef_cn_ptrs,
                     self.dims_gpu, other.dims_gpu, 
                     outliercutoff, self.N,
                     self.pt_t_ptrs, other.pt_t_ptrs)
        sync()

    # @profile

[docs]    def update_transform(self, b):
        """
        computes the TPS associated with the current target pts
        """
        self.set_tps_params(self.offset_mats[b])
        dot_batch_nocheck(self.proj_mats[b],     self.pts_t,     self.tps_params,
                          self.proj_mat_ptrs[b], self.pt_t_ptrs, self.tps_param_ptrs)
        sync()
    # @profile

[docs]    def mapping_cost(self, other, bend_coef=DEFAULT_LAMBDA[1], outlierprior=1e-1, outlierfrac=1e-2, 
                       outliercutoff=1e-2,  T = 5e-3, norm_iters = DEFAULT_NORM_ITERS):
        """
        computes the error in the current mapping
        assumes that the target points have already been filled
        """
        self.transform_points()
        other.transform_points()
        sums = []
        sq_diffs(self.pt_w_ptrs, self.pt_t_ptrs, self.warp_err, self.N, True)
        sq_diffs(other.pt_w_ptrs, other.pt_t_ptrs, self.warp_err, self.N, False)
        warp_err = self.warp_err.get()
        return np.sum(warp_err, axis=1)
    # @profile

[docs]    def bending_cost(self, b=DEFAULT_LAMBDA[1]):
        ## b * w_nd' * K * w_nd
        ## use pts_w as temporary storage
        dot_batch_nocheck(self.kernels,     self.w_nd,      self.pts_w,
                          self.kernel_ptrs, self.w_nd_ptrs, self.pt_w_ptrs,
                          b = 0)

        dot_batch_nocheck(self.pts_w,     self.w_nd,      self.bend_res,
                          self.pt_w_ptrs, self.w_nd_ptrs, self.bend_res_ptrs,
                          transa='T', b = 0)
        bend_res = self.bend_res_mat.get()        
        return b * np.array([np.trace(bend_res[i*DATA_DIM:(i+1)*DATA_DIM]) for i in range(self.N)])


[docs]    def gram_mat_cost(self, sigma):
        ## assumes that self.pts_w has the warped points
        ## computes the gram matrices for the source and warped
        ## points, returns ||K - K_w||^2
        self.reset_warp_err();
        gram_mat_dist(self.pt_ptrs, self.pt_w_ptrs, self.dims_gpu, sigma, self.warp_err, self.N)
        return self.warp_err.get().flatten()[:self.N].reshape(self.N, 1)
    # @profile

[docs]    def bidir_tps_cost(self, other, bend_coef=1, outlierprior=1e-1, outlierfrac=1e-2, 
                       outliercutoff=1e-2,  T = 5e-3, norm_iters = DEFAULT_NORM_ITERS,
                       sigma = 1, return_components = False):
        self.reset_warp_err()
        mapping_err  = self.mapping_cost(other, outlierprior, outlierfrac, outliercutoff, T, norm_iters)
        bending_cost = self.bending_cost(bend_coef)
        other_bending_cost = other.bending_cost(bend_coef)
        self_gram_mat_cost = self.gram_mat_cost(sigma)
        other_gram_mat_cost = other.gram_mat_cost(sigma)
        if return_components:
            return np.c_[mapping_err, bending_cost, other_bending_cost, self_gram_mat_cost, other_gram_mat_cost]
        return mapping_err + bending_cost + other_bending_cost


    """
    testing for custom kernels
    """

[docs]    def test_mapping_cost(self, other, bend_coef=DEFAULT_LAMBDA[1], outlierprior=1e-1, outlierfrac=1e-2, 
                       outliercutoff=1e-2,  T = 5e-3, norm_iters = DEFAULT_NORM_ITERS):
        mapping_err = self.mapping_cost(other, outlierprior, outlierfrac, outliercutoff, T, norm_iters)
        for i in range(self.N):
            ## compute error for 0 on cpu
            s_gpu = mapping_err[i]
            s_cpu = np.float32(0)
            xt = self.pts_t[i].get()
            xw = self.pts_w[i].get()
            
            yt = other.pts_t[i].get()
            yw = other.pts_w[i].get()
            
            ##use the trace b/c then numpy will use float32s all the way
            s_cpu += np.trace(xt.T.dot(xt) + xw.T.dot(xw) - 2 * xw.T.dot(xt))
            s_cpu += np.trace(yt.T.dot(yt) + yw.T.dot(yw) - 2 * yw.T.dot(yt))
            
            if not np.isclose(s_cpu, s_gpu, atol=1e-4):
                ## high err tolerance is b/c of difference in cpu and gpu precision?
                print "cpu and gpu sum sq differences differ!!!"
                ipy.embed()
                sys.exit(1)


[docs]    def test_bending_cost(self, other, bend_coef=DEFAULT_LAMBDA[1], outlierprior=1e-1, outlierfrac=1e-2, 
                       outliercutoff=1e-2,  T = 5e-3, norm_iters = DEFAULT_NORM_ITERS):
        self.get_target_points(other, outlierprior, outlierfrac, outliercutoff,  T, norm_iters)
        self.update_transform(bend_coef)
        bending_costs = self.bending_cost(bend_coef)
        for i in range(self.N):
            c_gpu = bending_costs[i]
            k_nn = self.kernels[i].get()
            w_nd = self.w_nd[i].get()
            c_cpu = np.float32(0)
            for d in range(DATA_DIM):
                r = np.dot(k_nn, w_nd[:, d]).astype(np.float32)
                r = np.float32(np.dot(w_nd[:, d], r))
                c_cpu += r
            c_cpu *= np.float32(bend_coef)
            if np.abs(c_cpu - c_gpu) > 1e-4:
                ## high err tolerance is b/c of difference in cpu and gpu precision?
                print "cpu and gpu bend costs differ!!!"
                ipy.embed()
                sys.exit(1)    


[docs]    def test_init_corr(self, other, T = 5e-3, outlierprior=1e-1, outlierfrac=1e-2, outliercutoff=1e-2, ):
        import scipy.spatial.distance as ssd
        import sys
        self.transform_points()
        other.transform_points()
        init_prob_nm(self.pt_ptrs, other.pt_ptrs, 
                     self.pt_w_ptrs, other.pt_w_ptrs, 
                     self.dims_gpu, other.dims_gpu,
                     self.N, outlierprior, outlierfrac, T, 
                     self.corr_cm_ptrs, self.corr_rm_ptrs)
        gpu_corr_rm = self.corr_rm[0].get()
        gpu_corr_rm = gpu_corr_rm.flatten()[:(self.dims[0] + 1) * (other.dims[0] + 1)].reshape(self.dims[0]+1, other.dims[0]+1)
        s_pt_w = self.pts_w[0].get()
        s_pt   = self.pts[0].get()
        o_pt_w = other.pts_w[0].get()
        o_pt   = other.pts[0].get()

        d1 = ssd.cdist(s_pt_w, o_pt, 'euclidean')
        d2 = ssd.cdist(s_pt, o_pt_w, 'euclidean')

        p_nm = np.exp( -(d1 + d2) / (2 * T))

        for i in range(self.dims[0]):
            for j in range(other.dims[0]):
                if abs(p_nm[i, j] - gpu_corr_rm[i, j]) > 1e-7:
                    print "INIT CORR MATRICES DIFFERENT"
                    print i, j, p_nm[i, j], gpu_corr_rm[i, j]
                    ipy.embed()
                    sys.exit(1)


[docs]    def test_norm_corr(self, other, T = 5e-3, outlierprior=1e-1, outlierfrac=1e-2, outliercutoff=1e-2, norm_iters = DEFAULT_NORM_ITERS):
        import sys
        self.transform_points()
        other.transform_points()
        init_prob_nm(self.pt_ptrs, other.pt_ptrs, 
                     self.pt_w_ptrs, other.pt_w_ptrs, 
                     self.dims_gpu, other.dims_gpu,
                     self.N, outlierprior, outlierfrac, T, 
                     self.corr_cm_ptrs, self.corr_rm_ptrs)
        n, m  = self.dims[0], other.dims[0]
        init_corr = self.corr_rm[0].get()        
        init_corr = init_corr.flatten()[:(n + 1) * (m + 1)].reshape(n+1, m+1).astype(np.float32)
        
        a_N = np.ones((n+1),dtype = np.float32)
        a_N[n] = m*outlierfrac
        b_M = np.ones((m+1), dtype = np.float32)
        b_M[m] = n*outlierfrac

        old_r_coefs = np.ones(n+1, dtype=np.float32)
        old_c_coefs = np.ones(m+1, dtype=np.float32)
        for n_iter in range(1, norm_iters):
            init_prob_nm(self.pt_ptrs, other.pt_ptrs, 
                         self.pt_w_ptrs, other.pt_w_ptrs, 
                         self.dims_gpu, other.dims_gpu,
                         self.N, outlierprior, outlierfrac, T, 
                         self.corr_cm_ptrs, self.corr_rm_ptrs)

            norm_prob_nm(self.corr_cm_ptrs, self.corr_rm_ptrs, 
                         self.dims_gpu, other.dims_gpu, self.N, outlierfrac, n_iter,
                         self.r_coef_ptrs, self.c_coef_rn_ptrs, self.c_coef_cn_ptrs)        
            new_r_coefs = a_N/init_corr.dot(old_c_coefs[:m+1])
            new_c_coefs = b_M/new_r_coefs[:n+1].dot(init_corr)
            gpu_c_coefs = self.c_coefs_cn[0].get().flatten()[:m + 1].reshape(m+1)
            gpu_r_coefs = self.r_coefs[0].get().flatten()[:n + 1].reshape(n+1)
            if not np.allclose(new_r_coefs, gpu_r_coefs):
                print "row coefficients don't match", n_iter
                ipy.embed()
                sys.exit(1)
            if not np.allclose(new_c_coefs, gpu_c_coefs):
                print "column coefficients don't match", n_iter
                ipy.embed()
                sys.exit(1)
            # old_r_coefs = gpu_r_coefs
            # old_c_coefs = gpu_c_coefs
            old_r_coefs = new_r_coefs
            old_c_coefs = new_c_coefs
            

[docs]    def test_get_targ(self, other, T = 5e-3, outlierprior=1e-1, outlierfrac=1e-2, outliercutoff=1e-2, norm_iters = DEFAULT_NORM_ITERS):
        self.transform_points()
        other.transform_points()
        init_prob_nm(self.pt_ptrs, other.pt_ptrs, 
                     self.pt_w_ptrs, other.pt_w_ptrs, 
                     self.dims_gpu, other.dims_gpu,
                     self.N, outlierprior, outlierfrac, T, 
                     self.corr_cm_ptrs, self.corr_rm_ptrs)
        norm_prob_nm(self.corr_cm_ptrs, self.corr_rm_ptrs, 
                     self.dims_gpu, other.dims_gpu, self.N, outlierfrac, norm_iters,
                     self.r_coef_ptrs, self.c_coef_rn_ptrs, self.c_coef_cn_ptrs)
        get_targ_pts(self.pt_ptrs, other.pt_ptrs,
                     self.pt_w_ptrs, other.pt_w_ptrs,
                     self.corr_cm_ptrs, self.corr_rm_ptrs,
                     self.r_coef_ptrs, self.c_coef_rn_ptrs, self.c_coef_cn_ptrs,
                     self.dims_gpu, other.dims_gpu, 
                     outliercutoff, self.N,
                     self.pt_t_ptrs, other.pt_t_ptrs)
        n, m = self.dims[0], other.dims[0]
        x = self.pts[0].get()[:n]
        xw = self.pts_w[0].get()[:n]
        xt = self.pts_t[0].get()[:n]
        y = other.pts[0].get()[:m]
        yw = other.pts_w[0].get()[:m]
        yt = other.pts_t[0].get()[:m]

        init_corr = self.corr_rm[0].get()        
        init_corr = init_corr.flatten()[:(n + 1) * (m + 1)].reshape(n+1, m+1).astype(np.float32)
        gpu_c_cn_coefs = self.c_coefs_cn[0].get().flatten()[:m + 1].reshape(m+1)
        gpu_c_rn_coefs = self.c_coefs_rn[0].get().flatten()[:m + 1].reshape(m+1)
        gpu_r_coefs = self.r_coefs[0].get().flatten()[:n + 1].reshape(n+1)

        rn_corr = (init_corr * gpu_c_rn_coefs[None, :]) * gpu_r_coefs[:, None]
        cn_corr = (init_corr * gpu_c_cn_coefs[None, :]) * gpu_r_coefs[:, None]        
        rn_corr = rn_corr[:n, :m]
        cn_corr = cn_corr[:n, :m]
        
        wt_n = rn_corr.sum(axis=1)
        inlier = wt_n > outliercutoff
        xtarg = np.empty((n, DATA_DIM))
        xtarg[inlier, :] = rn_corr.dot(y)[inlier, :]
        xtarg[~inlier, :] = xw[~inlier, :]

        if not np.allclose(xtarg, xt):
            print "xt values differ"
            ipy.embed()
            sys.exit(1)

        wt_m = cn_corr.sum(axis=0)
        inliner = wt_m > outliercutoff
        ytarg = np.empty((m, DATA_DIM))
        ytarg[inlier, :] = cn_corr.T.dot(x)[inliner, :]
        ytarg[~inlier, :] = yw[~inlier, :]
        if not np.allclose(ytarg, yt):
            print "yt values differ"
            ipy.embed()
            sys.exit(1)                            


[docs]    def unit_test(self, other):
        print "running basic unit tests"
        self.test_init_corr(other)
        self.test_norm_corr(other)
        self.test_get_targ(other)
        self.test_mapping_cost(other)
        self.test_bending_cost(other)
        print "UNIT TESTS PASSED"



[docs]class SrcContext(GPUContext):
    """
    specialized class to handle source clouds
    includes support for warped trajectories as well
    """
    def __init__(self, bend_coefs=None):
        GPUContext.__init__(self, bend_coefs)
        """
        items for the trajectory and warping thereof
        """
        self.l_traj          = []
        self.l_traj_ptrs     = None
        self.l_traj_K        = []
        self.l_traj_K_ptrs   = None
        self.l_traj_w        = []
        self.l_traj_w_ptrs   = None
        self.l_traj_dims     = []
        self.l_traj_dims_gpu = None

        self.r_traj          = []
        self.r_traj_ptrs     = None
        self.r_traj_K        = []
        self.r_traj_K_ptrs   = None
        self.r_traj_w        = []
        self.r_traj_w_ptrs   = None
        self.r_traj_dims     = []
        self.r_traj_dims_gpu = None

        self.traj_costs      = None
        self.tgt_traj_ptrs   = None
        self.tgt_dim_gpu     = None
        

[docs]    def update_ptrs(self):
        self.l_traj_ptrs   = get_gpu_ptrs(self.l_traj)
        self.l_traj_K_ptrs = get_gpu_ptrs(self.l_traj_K)
        self.l_traj_w_ptrs = get_gpu_ptrs(self.l_traj_w)
        self.r_traj_ptrs   = get_gpu_ptrs(self.r_traj)
        self.r_traj_K_ptrs = get_gpu_ptrs(self.r_traj_K)
        self.r_traj_w_ptrs = get_gpu_ptrs(self.r_traj_w)

        self.l_traj_dims_gpu = gpuarray.to_gpu(np.array(self.l_traj_dims, dtype=np.int32))
        self.r_traj_dims_gpu = gpuarray.to_gpu(np.array(self.r_traj_dims, dtype=np.int32))

        self.traj_costs = gpuarray.empty(self.N, np.float32)
        self.tgt_traj_ptrs = gpuarray.empty(self.N, np.int64)
        self.tgt_dim_gpu = gpuarray.empty(self.N, np.int32)

        GPUContext.update_ptrs(self)


[docs]    def add_cld(self, name, proj_mats, offset_mats, cloud_xyz, kernel, scale_params,
                r_traj, r_traj_K, l_traj, l_traj_K, update_ptrs = False):
        """
        does the normal add, but also adds the trajectories
        """
        # don't update ptrs there, do it after this
        GPUContext.add_cld(self, name, proj_mats, offset_mats, cloud_xyz, kernel, scale_params,
                           update_ptrs=False)
        self.r_traj.append(gpu_pad(r_traj, (MAX_TRAJ_LEN, DATA_DIM)))
        self.r_traj_K.append(gpu_pad(r_traj_K, (MAX_TRAJ_LEN, MAX_CLD_SIZE)))
        self.l_traj.append(gpu_pad(l_traj, (MAX_TRAJ_LEN, DATA_DIM)))
        self.l_traj_K.append(gpu_pad(l_traj_K, (MAX_TRAJ_LEN, MAX_CLD_SIZE)))

        self.r_traj_w.append(gpuarray.zeros_like(self.r_traj[-1]))
        self.l_traj_w.append(gpuarray.zeros_like(self.l_traj[-1]))

        self.l_traj_dims.append(l_traj.shape[0])
        self.r_traj_dims.append(r_traj.shape[0])

        if update_ptrs:
            self.update_ptrs()


[docs]    def read_h5(self, fname):
        f = h5py.File(fname, 'r')
        for seg_name, seg_info in f.iteritems():
            if 'inv' not in seg_info:
                raise KeyError("Batch Mode only works with precomputed solvers")
            seg_info = seg_info['inv']

            proj_mats   = {}
            offset_mats = {}
            for b in self.bend_coefs:
                k = str(b)
                if k not in seg_info:
                    raise KeyError("H5 File {} bend coefficient {}".format(seg_name, k))
                proj_mats[b] = seg_info[k]['proj_mat'][:]
                offset_mats[b] = seg_info[k]['offset_mat'][:]

            ds_g         = seg_info['DS_SIZE_{}'.format(DS_SIZE)]
            cloud_xyz    = ds_g['scaled_cloud_xyz'][:]
            kernel       = ds_g['scaled_K_nn'][:]
            r_traj       = ds_g['scaled_r_traj'][:]
            r_traj_K     = ds_g['scaled_r_traj_K'][:]
            l_traj       = ds_g['scaled_l_traj'][:]  
            l_traj_K     = ds_g['scaled_l_traj_K'][:]          
            scale_params = (ds_g['scaling'][()], ds_g['scaled_translation'][:])
            self.add_cld(seg_name, proj_mats, offset_mats, cloud_xyz, kernel, scale_params,
                         r_traj, r_traj_K, l_traj, l_traj_K)
        f.close()
        self.update_ptrs()


[docs]    def transform_trajs(self):
        """
        computes the warp of l_traj and r_traj under current tps params
        """
        fill_mat(self.l_traj_w_ptrs, self.trans_d_ptrs, self.l_traj_dims_gpu, self.N)
        fill_mat(self.r_traj_w_ptrs, self.trans_d_ptrs, self.r_traj_dims_gpu, self.N)
        dot_batch_nocheck(self.l_traj,      self.lin_dd,      self.l_traj_w,
                          self.l_traj_ptrs, self.lin_dd_ptrs, self.l_traj_w_ptrs)
        dot_batch_nocheck(self.r_traj,      self.lin_dd,      self.r_traj_w,
                          self.r_traj_ptrs, self.lin_dd_ptrs, self.r_traj_w_ptrs)
        dot_batch_nocheck(self.l_traj_K,      self.w_nd,        self.l_traj_w,
                          self.l_traj_K_ptrs, self.w_nd_ptrs,   self.l_traj_w_ptrs) 
        dot_batch_nocheck(self.r_traj_K,      self.w_nd,        self.r_traj_w,
                          self.r_traj_K_ptrs, self.w_nd_ptrs,   self.r_traj_w_ptrs) 
        sync()


[docs]    def test_transform_trajs(self):
        self.transform_trajs()
        for i in range(self.N):
            l_dim = self.l_traj_dims[i]
            r_dim = self.r_traj_dims[i]
            dim   = self.dims[i]
            l_traj   = self.l_traj[i].get()[:l_dim]
            l_traj_w = self.l_traj_w[i].get()[:l_dim]
            l_traj_K = self.l_traj_K[i].get()[:l_dim, :dim]
            r_traj   = self.r_traj[i].get()[:r_dim]
            r_traj_w = self.r_traj_w[i].get()[:r_dim]
            r_traj_K = self.l_traj_K[i].get()[:l_dim]
            
            w_nd    = self.w_nd[i].get()[:dim]
            lin_dd  = self.lin_dd[i].get()
            trans_d = self.trans_d[i].get()
            pts     = self.pts[i].get()[:dim]
            
            l_traj_cpu = tps_eval(l_traj, lin_dd, trans_d, w_nd, pts)
            r_traj_cpu = tps_eval(r_traj, lin_dd, trans_d, w_nd, pts)
            
            assert np.allclose(l_traj_cpu, l_traj_w, atol=1e-4)
            assert np.allclose(r_traj_cpu, r_traj_w, atol=1e-4)


[docs]    def get_unscaled_trajs(self, other):
        """
        transforms the trajectories with the current tps params
        unscales them assuming that other is the target
        assumes other is a TgtContext
        """
        self.transform_trajs()
        r, s = other.scale_params
        scale = 1/r
        t = [float(x) for x in (-s/r)]
        scale_points(self.l_traj_w_ptrs, self.l_traj_dims_gpu, scale, t[0], t[1], t[2], self.N)
        scale_points(self.r_traj_w_ptrs, self.r_traj_dims_gpu, scale, t[0], t[1], t[2], self.N)


[docs]    def test_get_unscaled_trajs(self, other):
        self.transform_trajs()
        scaled_traj_l = [x.get()[:self.l_traj_dims[i]] for i, x in enumerate(self.l_traj_w)]
        scaled_traj_r = [x.get()[:self.r_traj_dims[i]] for i, x in enumerate(self.r_traj_w)]
        self.get_unscaled_trajs(other)
        unscaled_traj_l = [x.get()[:self.l_traj_dims[i]] for i, x in enumerate(self.l_traj_w)]
        unscaled_traj_r = [x.get()[:self.r_traj_dims[i]] for i, x in enumerate(self.r_traj_w)]
        
        r, s = other.scale_params
        scaling = 1/r
        trans = (-s/r)
        for i in range(self.N):
            traj_l = scaled_traj_l[i]
            traj_r = scaled_traj_r[i]
            unscaled_traj_l_cpu = traj_l * scaling + trans
            unscaled_traj_r_cpu = traj_r * scaling + trans
            assert np.allclose(unscaled_traj_l_cpu, unscaled_traj_l[i])
            assert np.allclose(unscaled_traj_r_cpu, unscaled_traj_r[i])
        
        

[docs]    def traj_cost(self, tgt_seg, other):
        i = self.names2inds[tgt_seg]
        self.get_unscaled_trajs(other)
        self.tgt_traj_ptrs.fill(int(self.l_traj_w[i].gpudata))
        self.tgt_dim_gpu.fill(self.l_traj_dims[i])
        closest_point_cost(self.l_traj_w_ptrs,   self.tgt_traj_ptrs, self.l_traj_dims_gpu, self.tgt_dim_gpu, 
                           self.traj_costs, self.N)
        check_cuda_err()
        l_cost = self.traj_costs.get()[:self.N]

        self.tgt_traj_ptrs.fill(int(self.r_traj_w[i].gpudata))
        self.tgt_dim_gpu.fill(self.r_traj_dims[i])
        closest_point_cost(self.r_traj_w_ptrs,   self.tgt_traj_ptrs, self.r_traj_dims_gpu, self.tgt_dim_gpu, 
                           self.traj_costs, self.N)
        r_cost = self.traj_costs.get()[:self.N]

        return (l_cost + r_cost) / float(2)


[docs]    def test_traj_cost(self, other):
        self.get_unscaled_trajs(other)
        l_trajs = [x.get()[:self.l_traj_dims[i]] for i, x in enumerate(self.l_traj_w)]
        r_trajs = [x.get()[:self.r_traj_dims[i]] for i, x in enumerate(self.r_traj_w)]        
                   
        for i, tgt_seg in enumerate(self.seg_names):
            cost_gpu = self.traj_cost(tgt_seg, other)
            tgt_traj_l = l_trajs[i]
            tgt_traj_r = r_trajs[i]
            for j in range(self.N):
                dist_l = ssd.cdist(l_trajs[j], tgt_traj_l)
                dist_r = ssd.cdist(r_trajs[j], tgt_traj_r)
                cost_l = np.sum(np.min(dist_l, axis=1)) / float(self.l_traj_dims[j])
                cost_r = np.sum(np.min(dist_r, axis=1)) / float(self.r_traj_dims[j])
                cost_cpu = (cost_l + cost_r)/float(2) 
                assert np.abs(cost_gpu[j] - cost_cpu) < 1e-4


[docs]    def unit_test(self, other):
        GPUContext.unit_test(self, other)
        print "Running batch_tps_rpm"
        batch_tps_rpm_bij(self, other)
        print "testing transform_trajs"
        self.test_transform_trajs()
        print "testing unscaling"
        self.test_get_unscaled_trajs(other)
        print "doing exhaustive test for traj_cost"        
        self.test_traj_cost(other)



[docs]class TgtContext(GPUContext):
    """
    specialized class to handle the case where we are
    mapping to a single target cloud --> only allocate GPU Memory once
    """
    def __init__(self, src_ctx):
        GPUContext.__init__(self, src_ctx.bend_coefs)
        self.src_ctx = src_ctx
        ## just setup with 0's
        tgt_cld = np.zeros((MAX_CLD_SIZE, DATA_DIM), np.float32)
        proj_mats = dict([(b, np.zeros((MAX_CLD_SIZE + DATA_DIM + 1, MAX_CLD_SIZE), np.float32)) 
                          for b in self.bend_coefs])
        offset_mats = dict([(b, np.zeros((MAX_CLD_SIZE + DATA_DIM + 1, DATA_DIM), np.float32)) 
                            for b in self.bend_coefs])
        tgt_K = np.zeros((MAX_CLD_SIZE, MAX_CLD_SIZE), np.float32)
        for n in src_ctx.seg_names:
            name = "{}_tgt".format(n)
            GPUContext.add_cld(self, name, proj_mats, offset_mats, tgt_cld, tgt_K, None)
        GPUContext.update_ptrs(self)
[docs]    def add_cld(self, name, proj_mats, offset_mats, cloud_xyz, kernel, update_ptrs = False):
        raise NotImplementedError("not implemented for TgtConext")

[docs]    def update_ptrs(self):
        raise NotImplementedError("not implemented for TgtConext")
    # @profile

[docs]    def set_cld(self, cld):
        """
        sets the cloud for this appropriately
        won't allocate any new memory
        """                          
        scaled_cld, scale_params = unit_boxify(cld)
        proj_mats, offset_mats, K = self.get_sol_params(scaled_cld)
        K_gpu = gpu_pad(K, (MAX_CLD_SIZE, MAX_CLD_SIZE))
        cld_gpu = gpu_pad(scaled_cld, (MAX_CLD_SIZE, DATA_DIM))
        self.pts          = [cld_gpu for _ in range(self.N)]
        self.scale_params = scale_params
        self.kernels      = [K_gpu for _ in range(self.N)]
        proj_mats_gpu     = dict([(b, gpu_pad(p.get(), (MAX_CLD_SIZE + DATA_DIM + 1, MAX_CLD_SIZE)))
                                  for b, p in proj_mats.iteritems()])
        self.proj_mats    = dict([(b, [p for _ in range(self.N)])
                                  for b, p in proj_mats_gpu.iteritems()])
        offset_mats_gpu   = dict([(b, gpu_pad(p.get(), (MAX_CLD_SIZE + DATA_DIM + 1, DATA_DIM))) 
                                  for b, p in offset_mats.iteritems()])
        self.offset_mats  = dict([(b, [p for _ in range(self.N)])
                                  for b, p in offset_mats_gpu.iteritems()])
        self.dims         = [scaled_cld.shape[0]]

        self.pt_ptrs.fill(int(self.pts[0].gpudata))
        self.kernel_ptrs.fill(int(self.kernels[0].gpudata))
        self.dims_gpu.fill(self.dims[0])
        for b in self.bend_coefs:
            self.proj_mat_ptrs[b].fill(int(self.proj_mats[b][0].gpudata))
            self.offset_mat_ptrs[b].fill(int(self.offset_mats[b][0].gpudata))



[docs]def check_transform_pts(ctx, i = 0):
    import scikits.cuda.linalg as la
    n = ctx.dims[i]
    w_nd = ctx.w_nd[i].get()[:n]
    lin_dd = ctx.lin_dd[i].get()
    trans_d = ctx.trans_d[i].get()
    k_nn = ctx.kernels[i].get()[:n, :n].reshape(n, n).copy()
    x_nd = ctx.pts[i].get()[:n]
    xw_nd = ctx.pts_w[i].get()[:n]

    _k_gpu = gpuarray.to_gpu(k_nn)
    _x_gpu = gpuarray.to_gpu(x_nd)
    _lin_gpu = gpuarray.to_gpu(lin_dd)
    _trans_gpu = gpuarray.to_gpu(trans_d)
    _w_gpu = gpuarray.to_gpu(w_nd)
    
    fill_mat(ctx.pt_w_ptrs, ctx.trans_d_ptrs, ctx.dims_gpu, ctx.N)
    dot_batch_nocheck(ctx.pts,         ctx.lin_dd,      ctx.pts_w,
                      ctx.pt_ptrs,     ctx.lin_dd_ptrs, ctx.pt_w_ptrs) 

    xw_nd = ctx.pts_w[i].get()[:n]
    cpu_xw_nd = np.dot(x_nd, lin_dd) + trans_d[None, :]
    # assert np.allclose(xw_nd, cpu_xw_nd)

    dot_batch_nocheck(ctx.kernels,     ctx.w_nd,        ctx.pts_w,
                      ctx.kernel_ptrs, ctx.w_nd_ptrs,   ctx.pt_w_ptrs) 
    xw_nd = ctx.pts_w[i].get()[:n]
    cpu_xw_nd = cpu_xw_nd + np.dot(k_nn, w_nd)
    # print "w_nd\n", w_nd[:3], np.max(w_nd)
    # print "lin_dd\n", lin_dd[:3]
    # print "trans_d\n", trans_d
    # print "k_nn\n", k_nn[:3, :3]
    # print "x_nd\n", x_nd[:3, :3]
    # print cpu_xw_nd[:3]
    if not(np.allclose(xw_nd, cpu_xw_nd) ):
        print "k dot w_nd is difference on cpu and gpu"
        k_dot_w = np.dot(k_nn, w_nd)
        k_gpu = [gpuarray.to_gpu(k_nn)]
        w_gpu = [gpuarray.to_gpu(w_nd)]
        res_gpu = [gpuarray.zeros((n, DATA_DIM), np.float32)]        
        k_ptrs = get_gpu_ptrs(k_gpu)
        w_ptrs = get_gpu_ptrs(w_gpu)
        res_ptrs = get_gpu_ptrs(res_gpu)
        dot_batch_nocheck(k_gpu, w_gpu, res_gpu, k_ptrs, w_ptrs, res_ptrs)
        res = res_gpu[0].get()
        single_gpu = la.dot(_k_gpu, _w_gpu)
        print "retry success {}".format(np.allclose(res, k_dot_w))
        print "gpu success {}".format(np.allclose(single_gpu.get(), res))
        assert np.allclose(single_gpu.get(), res)
        raw_input("go?")


[docs]def check_update(ctx, b):
    ctx.tps_params[0] = ctx.default_tps_params.copy()
    ctx.update_ptrs()
    xt = ctx.pts_t[0].get()
    p_mat = ctx.proj_mats[b][0].get()
    o_mat = ctx.offset_mats[b][0].get()
    true_res = np.dot(p_mat, xt) + o_mat
    ctx.set_tps_params(ctx.offset_mats[b])
    o_gpu = ctx.tps_params[0].get()
    if not np.allclose(o_gpu, o_mat):
        print "setting tps params failed"
        diff = np.abs(o_mat - o_gpu)
        nz = np.nonzero(diff)
        print nz
        ipy.embed()
        sys.exit(1)
    ctx.update_transform(b)
    p1 = ctx.tps_params[0].get()
    if not np.allclose(true_res, p1):
        print "p1 and true res differ"
        print p1[:3]
        diff = np.abs(p1 - true_res)
        print np.max(diff)
        amax = np.argmax(diff)
        print amax
        nz = np.nonzero(diff)
        print nz[0]
        ipy.embed()
        sys.exit(1)

# @profile

[docs]def batch_tps_rpm_bij(src_ctx, tgt_ctx, T_init = 1e-1, T_final = 5e-3, 
                      outlierfrac = 1e-2, outlierprior = 1e-1, outliercutoff = 1e-2, em_iter = EM_ITER_CHEAP,
                      component_cost = False):
    """
    computes tps rpm for the clouds in src and tgt in batch
    TODO: Fill out comment cleanly
    """
    ##TODO: add check to ensure that src_ctx and tgt_ctx are formatted properly
    n_iter = len(src_ctx.bend_coefs)
    T_vals = loglinspace(T_init, T_final, n_iter)

    src_ctx.reset_tps_params()
    tgt_ctx.reset_tps_params()
    for i, b in enumerate(src_ctx.bend_coefs):
        T = T_vals[i]
        for _ in range(em_iter):
            src_ctx.transform_points()
            tgt_ctx.transform_points()
            src_ctx.get_target_points(tgt_ctx, outlierprior, outlierfrac, outliercutoff, T)
            src_ctx.update_transform(b)
            # check_update(src_ctx, b)
            tgt_ctx.update_transform(b)
    return src_ctx.bidir_tps_cost(tgt_ctx, return_components=component_cost)


[docs]def test_batch_tps_rpm_bij(src_ctx, tgt_ctx, T_init = 1e-1, T_final = 5e-3, 
                           outlierfrac = 1e-2, outlierprior = 1e-1, outliercutoff = .5, em_iter = EM_ITER_CHEAP,
                           test_ind = 0):
    from lfd.tpsopt.transformations import ThinPlateSpline, set_ThinPlateSpline

    n_iter = len(src_ctx.bend_coefs)
    T_vals = loglinspace(T_init, T_final, n_iter)

    x_nd = src_ctx.pts[test_ind].get()[:src_ctx.dims[test_ind]]
    y_md = tgt_ctx.pts[0].get()[:tgt_ctx.dims[0]]
    (n, d) = x_nd.shape
    (m, _) = y_md.shape

    f = ThinPlateSpline(d)    
    g = ThinPlateSpline(d)    

    src_ctx.reset_tps_params()
    tgt_ctx.reset_tps_params()
    for i, b in enumerate(src_ctx.bend_coefs):
        T = T_vals[i]
        for _ in range(em_iter):
            src_ctx.transform_points()
            tgt_ctx.transform_points()

            xwarped_nd = f.transform_points(x_nd)
            ywarped_md = g.transform_points(y_md)
            gpu_xw = src_ctx.pts_w[test_ind].get()[:n, :]
            gpu_yw = tgt_ctx.pts_w[test_ind].get()[:m, :]
            assert np.allclose(xwarped_nd, gpu_xw, atol=1e-5)
            assert np.allclose(ywarped_md, gpu_yw, atol=1e-5)

            xwarped_nd = gpu_xw
            ywarped_md = gpu_yw

            src_ctx.get_target_points(tgt_ctx, outlierprior, outlierfrac, outliercutoff, T)
            
            fwddist_nm = ssd.cdist(xwarped_nd, y_md,'euclidean')
            invdist_nm = ssd.cdist(x_nd, ywarped_md,'euclidean')
            prob_nm = outlierprior * np.ones((n+1, m+1), np.float32)
            prob_nm[:n, :m] = np.exp( -(fwddist_nm + invdist_nm) / float(2*T))
            prob_nm[n, m] = outlierfrac * np.sqrt(n * m)

            gpu_corr = src_ctx.corr_rm[test_ind].get()
            gpu_corr = gpu_corr.flatten()
            gpu_corr = gpu_corr[:(n + 1) * (m + 1)].reshape(n+1, m+1).astype(np.float32)

            assert np.allclose(prob_nm[:n, :m], gpu_corr[:n, :m], atol=1e-5)
            save_prob_nm = np.array(prob_nm)
            save_gpu_corr = np.array(gpu_corr)

            prob_nm[:n, :m] = gpu_corr[:n, :m]

            r_coefs = np.ones(n+1, np.float32)
            c_coefs = np.ones(m+1, np.float32)
            a_N = np.ones((n+1),dtype = np.float32)
            a_N[n] = m*outlierfrac
            b_M = np.ones((m+1), dtype = np.float32)
            b_M[m] = n*outlierfrac

            for norm_iter_i in range(DEFAULT_NORM_ITERS):
                r_coefs = a_N/prob_nm.dot(c_coefs)
                rn_c_coefs = c_coefs
                c_coefs = b_M/r_coefs.dot(prob_nm)

            gpu_r_coefs = src_ctx.r_coefs[test_ind].get()[:n+1].reshape(n+1)
            gpu_c_coefs_cn = src_ctx.c_coefs_cn[test_ind].get()[:m+1].reshape(m+1)
            gpu_c_coefs_rn = src_ctx.c_coefs_rn[test_ind].get()[:m+1].reshape(m+1)

            r_diff = np.abs(r_coefs - gpu_r_coefs)
            rn_diff = np.abs(rn_c_coefs - gpu_c_coefs_rn)
            cn_diff = np.abs(c_coefs - gpu_c_coefs_cn)

            assert np.allclose(r_coefs, gpu_r_coefs, atol=1e-5)
            assert np.allclose(c_coefs, gpu_c_coefs_cn, atol=1e-5)
            assert np.allclose(rn_c_coefs, gpu_c_coefs_rn, atol=1e-5)

            prob_nm = prob_nm[:n, :m]
            prob_nm *= gpu_r_coefs[:n, None]
            rn_p_nm = prob_nm * gpu_c_coefs_rn[None, :m]
            cn_p_nm = prob_nm * gpu_c_coefs_cn[None, :m]

            wt_n = rn_p_nm.sum(axis=1)
            gpu_corr_cm = src_ctx.corr_cm[test_ind].get().flatten()[:(n+1)*(m+1)]
            gpu_corr_cm = gpu_corr_cm.reshape(m+1, n+1)## b/c it is column major
            assert np.allclose(wt_n, gpu_corr_cm[m, :n], atol=1e-4)

            
            inlier = wt_n > outliercutoff
            xtarg_nd = np.empty((n, DATA_DIM), np.float32)
            xtarg_nd[inlier, :] = rn_p_nm.dot(y_md)[inlier, :]
            xtarg_nd[~inlier, :] = xwarped_nd[~inlier, :]

            wt_m = cn_p_nm.sum(axis=0)
            assert np.allclose(wt_m, gpu_corr[n, :m], atol=1e-4)

            inlier = wt_m > outliercutoff
            ytarg_md = np.empty((m, DATA_DIM), np.float32)
            ytarg_md[inlier, :] = cn_p_nm.T.dot(x_nd)[inlier, :]
            ytarg_md[~inlier, :] = ywarped_md[~inlier, :]
            
            xt_gpu = src_ctx.pts_t[test_ind].get()[:n, :]
            yt_gpu = tgt_ctx.pts_t[test_ind].get()[:m, :]
            assert np.allclose(xtarg_nd, xt_gpu, atol=1e-4)
            assert np.allclose(ytarg_md, yt_gpu, atol=1e-4)

            src_ctx.update_transform(b)
            tgt_ctx.update_transform(b)

            f_p_mat = src_ctx.proj_mats[b][test_ind].get()[:n+d+1, :n]
            f_o_mat = src_ctx.offset_mats[b][test_ind].get()[:n+d+1]
            b_p_mat = tgt_ctx.proj_mats[b][0].get()[:m+d+1, :m]
            b_o_mat = tgt_ctx.offset_mats[b][0].get()[:m+d+1]
            f_params = f_p_mat.dot(xtarg_nd) + f_o_mat
            g_params = b_p_mat.dot(ytarg_md) + b_o_mat


            gpu_fparams = src_ctx.tps_params[test_ind].get()[:n+d+1]
            gpu_gparams = tgt_ctx.tps_params[test_ind].get()[:m+d+1]
            assert np.allclose(f_params, gpu_fparams, atol=1e-4)
            assert np.allclose(g_params, gpu_gparams, atol=1e-4)


            set_ThinPlateSpline(f, x_nd, gpu_fparams)
            set_ThinPlateSpline(g, y_md, gpu_gparams)

    f._cost = tps.tps_cost(f.lin_ag, f.trans_g, f.w_ng, f.x_na, xtarg_nd, 1)
    g._cost = tps.tps_cost(g.lin_ag, g.trans_g, g.w_ng, g.x_na, ytarg_md, 1)

    gpu_cost = src_ctx.bidir_tps_cost(tgt_ctx)    
    cpu_cost = f._cost + g._cost
    assert np.isclose(gpu_cost[test_ind], cpu_cost, atol=1e-4)
    
        


[docs]def parse_arguments():
    import argparse
    parser = argparse.ArgumentParser()
    parser.add_argument("--input_file", type=str, default='../data/misc/actions.h5')
    parser.add_argument("--sync", action='store_true')
    parser.add_argument("--n_copies", type=int, default=1)
    parser.add_argument("--test", action='store_true')
    parser.add_argument("--test_full", action='store_true')
    parser.add_argument("--timing_runs", type=int, default=100)
    return parser.parse_args()


if __name__=='__main__':
    reset_cuda()
    args = parse_arguments()
    Globals.sync = args.sync
    src_ctx = SrcContext()
    for _ in range(args.n_copies):
        src_ctx.read_h5(args.input_file)
    f = h5py.File(args.input_file, 'r')    
    tgt_cld = downsample_cloud(f['demo1-seg00']['cloud_xyz'][:])
    f.close()
    tgt_ctx = TgtContext(src_ctx)
    tgt_ctx.set_cld(tgt_cld)
    if args.test_full:
        src_ctx.unit_test(tgt_ctx)
        test_batch_tps_rpm_bij(src_ctx, tgt_ctx)
        print "unit tests passed, doing full check on batch tps rpm"
        for i in range(src_ctx.N):
            sys.stdout.write("\rtesting source cloud {}".format(i))
            sys.stdout.flush()
            test_batch_tps_rpm_bij(src_ctx, tgt_ctx, test_ind=i)
        print""
        print "tests succeeded!"
        sys.exit()
    if args.test:
        src_ctx.unit_test(tgt_ctx)
        print "testing batch tps_rps"
        test_batch_tps_rpm_bij(src_ctx, tgt_ctx)
        print "test succeeded!!"
        sys.exit()    
    times = []
    print "batchtps initialized"
    for i in range(args.timing_runs):
        sys.stdout.write("\rRunning Timing test {}/{}".format(i, args.timing_runs))
        sys.stdout.flush()
        start = time.time()
        tgt_ctx.set_cld(tgt_cld)
        c = batch_tps_rpm_bij(src_ctx, tgt_ctx)
        time_taken = time.time() - start
        times.append(time_taken)
    print "\nTiming Tests Complete"
    print "Batch Size:\t\t\t", src_ctx.N
    print "Mean Compute Time per Batch:\t", np.mean(times)
    print "BiDirectional TPS fits/second:\t", float(args.timing_runs * src_ctx.N) / np.sum(times)
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lfd.environment package



Class inheritance diagram



[image: Inheritance diagram of lfd.environment.environment, lfd.environment.robot_world, lfd.environment.settings, lfd.environment.sim_util, lfd.environment.simulation, lfd.environment.simulation_object]
























Submodules





lfd.environment.environment module



		
class lfd.environment.environment.GroundTruthRopeLfdEnvironment(world, sim, upsample=0, upsample_rad=1, downsample_size=0)[source]


		Bases: lfd.environment.environment.LfdEnvironment



		
observe_scene()[source]


		












		
class lfd.environment.environment.LfdEnvironment(world, sim, downsample_size=0)[source]


		Bases: object



		
execute_augmented_trajectory(aug_traj, step_viewer=1, interactive=False, sim_callback=None, check_feasible=False)[source]


		






		
observe_scene()[source]


		














lfd.environment.robot_world module



		
class lfd.environment.robot_world.RealRobotWorld(pr2)[source]


		Bases: lfd.environment.robot_world.RobotWorld



		
close_gripper(lr, step_viewer=0)[source]


		






		
execute_trajectory(full_traj, prompt=False, step_viewer=0, interactive=False, sim_callback=None)[source]


		






		
observe_cloud()[source]


		






		
open_gripper(lr, target_val=0.54800022, step_viewer=0)[source]


		












		
class lfd.environment.robot_world.RobotWorld[source]


		Bases: object



		
close_gripper()[source]


		






		
execute_trajectory()[source]


		






		
observe_cloud()[source]


		






		
open_gripper()[source]


		














lfd.environment.settings module



		
lfd.environment.settings.CAMERA_MATRIX = [[0, 1, 0, 0], [-1, 0, 0.5, 0], [0.5, 0, 1, 0], [2.25, 0, 4.5, 1]]


		transposed homogeneous matrix for the viewer’s camera









		
lfd.environment.settings.GRIPPER_OPEN_CLOSE_THRESH = 0.04


		






		
lfd.environment.settings.ROPE_ANG_DAMPING = 1


		






		
lfd.environment.settings.ROPE_ANG_LIMIT = 0.4


		






		
lfd.environment.settings.ROPE_ANG_STIFFNESS = 0.1


		






		
lfd.environment.settings.ROPE_LIN_DAMPING = 0.75


		






		
lfd.environment.settings.ROPE_LIN_STOP_ERP = 0.2


		






		
lfd.environment.settings.ROPE_MASS = 1.0


		






		
lfd.environment.settings.ROPE_RADIUS = 0.005


		






		
lfd.environment.settings.ROPE_RADIUS_THICK = 0.008


		






		
lfd.environment.settings.WINDOW_PROP = [0, 0, 1500, 1500]


		window properties for the viewer’s window











lfd.environment.sim_util module



		
class lfd.environment.sim_util.RopeParams[source]


		Bases: object









		
class lfd.environment.sim_util.RopeState(init_rope_nodes, rope_params, tfs=None)[source]


		Bases: object









		
class lfd.environment.sim_util.SceneState(cloud, rope_nodes, rope_state, id=None, color=None)[source]


		Bases: object



		
static get_unique_id()[source]


		






		
ids = set([])


		












		
lfd.environment.sim_util.arm_moved(joint_traj)[source]


		






		
lfd.environment.sim_util.binarize_gripper(angle)[source]


		






		
lfd.environment.sim_util.dof_inds_from_name(robot, name)[source]


		






		
lfd.environment.sim_util.draw_axis(sim_env, hmat, arrow_length=0.1, arrow_width=0.005)[source]


		






		
lfd.environment.sim_util.draw_finger_pts_traj(sim_env, flr2finger_pts_traj, color)[source]


		






		
lfd.environment.sim_util.draw_grid(sim_env, old_xyz, f, color=(1, 1, 0, 1))[source]


		






		
lfd.environment.sim_util.get_binary_gripper_angle(open)[source]


		






		
lfd.environment.sim_util.get_ee_traj(robot, lr, arm_traj_or_full_traj, ee_link_name_fmt='%s_gripper_tool_frame')[source]


		






		
lfd.environment.sim_util.get_finger_pts_traj(robot, lr, full_traj_or_ee_finger_traj)[source]


		ee_traj = sim_util.get_ee_traj(robot, lr, arm_traj)
flr2finger_pts_traj1 = get_finger_pts_traj(robot, lr, (ee_traj, finger_traj))


full_traj = sim_util.get_full_traj(robot, {lr:arm_traj}, {lr:finger_traj})
flr2finger_pts_traj2 = get_finger_pts_traj(robot, lr, full_traj)









		
lfd.environment.sim_util.get_finger_rel_pts(finger_lr)[source]


		






		
lfd.environment.sim_util.get_full_traj(robot, lr2arm_traj, lr2finger_traj={})[source]


		A full trajectory is a tuple of a trajectory (np matrix) and dof indices (list)









		
lfd.environment.sim_util.get_opening_closing_inds(finger_traj)[source]


		






		
lfd.environment.sim_util.get_rope_params(params_id)[source]


		






		
lfd.environment.sim_util.get_rope_transforms(sim_env)[source]


		






		
lfd.environment.sim_util.gripper_joint2gripper_l_finger_joint_values(gripper_joint_vals)[source]


		Only the %s_gripper_l_finger_joint%lr can be controlled (this is the joint returned by robot.GetManipulator({“l”:”leftarm”, “r”:”rightarm”}[lr]).GetGripperIndices())
The rest of the gripper joints (like %s_gripper_joint%lr) are mimiced and cannot be controlled directly









		
lfd.environment.sim_util.grippers_exceed_rope_length(sim_env, full_traj, thresh)[source]


		Let min_length be the minimun length of the rope between the parts being held by the left and right gripper.
This function returns a mask of the trajectory steps in which the distance between the grippers doesn’t exceed min_length-thresh.
If not both of the grippers are holding the rope, this function return None.









		
lfd.environment.sim_util.load_fake_data_segment(demofile, fake_data_segment, fake_data_transform)[source]


		






		
lfd.environment.sim_util.load_random_start_segment(demofile)[source]


		






		
lfd.environment.sim_util.make_box_xml(name, translation, extents)[source]


		






		
lfd.environment.sim_util.make_cylinder_xml(name, translation, radius, height)[source]


		






		
lfd.environment.sim_util.make_table_xml(translation, extents)[source]


		






		
lfd.environment.sim_util.merge_full_trajs(full_trajs)[source]


		






		
lfd.environment.sim_util.mirror_arm_joints(x)[source]


		mirror image of joints (r->l or l->r)









		
lfd.environment.sim_util.remove_tight_rope_pull(sim_env, full_traj)[source]


		






		
lfd.environment.sim_util.replace_rope(new_rope, sim_env, rope_params, restore=False)[source]


		restore indicates if this function is being called to restore an existing rope, in which case the color of the rope is saved and restored









		
lfd.environment.sim_util.reset_arms_to_side(sim_env)[source]


		






		
lfd.environment.sim_util.set_gripper_maybesim(sim_env, lr, is_open, prev_is_open, animate=False)[source]


		






		
lfd.environment.sim_util.set_rope_transforms(tfs, sim_env)[source]


		






		
lfd.environment.sim_util.sim_full_traj_maybesim(sim_env, full_traj, animate=False, interactive=False, max_cart_vel_trans_traj=0.05)[source]


		






		
lfd.environment.sim_util.sim_traj_maybesim(sim_env, lr2traj, animate=False, interactive=False, max_cart_vel_trans_traj=0.05)[source]


		






		
lfd.environment.sim_util.split_trajectory_by_gripper(seg_info)[source]


		






		
lfd.environment.sim_util.split_trajectory_by_lr_gripper(seg_info, lr)[source]


		






		
lfd.environment.sim_util.tpsrpm_plot_cb(sim_env, x_nd, y_md, targ_Nd, corr_nm, wt_n, f)[source]


		






		
lfd.environment.sim_util.unif_resample(traj, max_diff, wt=None)[source]


		Resample a trajectory so steps have same length in joint space









		
lfd.environment.sim_util.unwrap_arm_traj_in_place(traj)[source]


		






		
lfd.environment.sim_util.unwrap_in_place(t, dof_inds=None)[source]


		








lfd.environment.simulation module



		
class lfd.environment.simulation.DynamicRopeSimulationRobotWorld(env=None, T_w_k=None, range_k=2.0)[source]


		Bases: lfd.environment.simulation.DynamicSimulationRobotWorld



		
close_gripper(lr, step_viewer=1, max_vel=0.02, close_dist_thresh=0.004, grab_dist_thresh=0.005)[source]


		






		
in_grasp_region(robot, lr, pt)[source]


		






		
release_rope(lr)[source]


		












		
class lfd.environment.simulation.DynamicSimulation(env=None)[source]


		Bases: lfd.environment.simulation.StaticSimulation



		
add_objects(sim_objs)[source]


		






		
get_translations()[source]


		return translation part of all links of all dynamic objects









		
remove_objects(sim_objs)[source]


		






		
set_state(sim_state)[source]


		Defined such that execution1 and execution2 gives the same results
if execution1 == execution2 in the following code:


set_state(sim_state)
execution1()
set_state(sim_state)
execution2()









		
settle(max_steps=100, tol=0.001, step_viewer=1)[source]


		Keep stepping until the dynamic objects doesn’t move, up to some tolerance









		
step()[source]


		






		
update()[source]


		












		
class lfd.environment.simulation.DynamicSimulationRobotWorld(env=None, T_w_k=None, range_k=2.0)[source]


		Bases: lfd.environment.simulation.DynamicSimulation, lfd.environment.robot_world.RobotWorld



		
close_gripper(lr, step_viewer=1, max_vel=0.02, close_dist_thresh=0.004, grab_dist_thresh=0.005)[source]


		






		
execute_trajectory(full_traj, step_viewer=1, interactive=False, max_cart_vel_trans_traj=0.05, max_cart_vel=0.02, sim_callback=None)[source]


		






		
observe_cloud()[source]


		






		
open_gripper(lr, target_val=None, step_viewer=1, max_vel=0.02)[source]


		












		
class lfd.environment.simulation.StaticSimulation(env=None)[source]


		Bases: object



		
add_objects(objs_to_add, consider_finger_collisions=True)[source]


		






		
create_viewer(window_prop=None, camera_matrix=None)[source]


		






		
get_state()[source]


		






		
remove_objects(objs_to_remove, consider_finger_collisions=True)[source]


		






		
set_state(sim_state)[source]


		






		
static simulation_state_equal(s0, s1)[source]


		






		
viewer


		














lfd.environment.simulation_object module



		
class lfd.environment.simulation_object.BoxSimulationObject(name, translation, extents, dynamic=True)[source]


		Bases: lfd.environment.simulation_object.XmlSimulationObject









		
class lfd.environment.simulation_object.CylinderSimulationObject(name, translation, radius, height, dynamic=True)[source]


		Bases: lfd.environment.simulation_object.XmlSimulationObject









		
class lfd.environment.simulation_object.RopeSimulationObject(name, ctrl_points, rope_params=None, dynamic=True, upsample=0, upsample_rad=1)[source]


		Bases: lfd.environment.simulation_object.SimulationObject



		
add_after = True


		






		
add_to_env(sim)[source]


		






		
get_bullet_objects()[source]


		






		
get_state()[source]


		






		
remove_from_env()[source]


		






		
set_state(tfs)[source]


		












		
class lfd.environment.simulation_object.SimulationObject(names, dynamic=True)[source]


		Bases: object



		
add_after = False


		






		
add_to_env(sim)[source]


		






		
get_bullet_objects()[source]


		






		
get_state()[source]


		






		
remove_from_env()[source]


		






		
set_state(tfs)[source]


		












		
class lfd.environment.simulation_object.XmlSimulationObject(xml, dynamic=False)[source]


		Bases: lfd.environment.simulation_object.SimulationObject



		
add_to_env(sim)[source]


		






		
remove_from_env()[source]
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  Source code for lfd.tpsopt.transformations

import numpy as np
import pycuda.gpuarray as gpuarray
import pycuda.driver as drv
import scipy.linalg

import tps
from lfd.tpsopt.culinalg_exts import gemm, get_gpu_ptrs, dot_batch_nocheck


[docs]class NoGPUTPSSolver(object):
    """
    class to fit a thin plate spline to data using precomputed
    matrix products
    """
    def __init__(self, bend_coefs, N, QN, NON, NR, x_nd, K_nn, rot_coef):
        for b in bend_coefs:
            assert b in NON, 'no solver found for bending coefficient {}'.format(b)
        self.rot_coef = rot_coef
        self.n, self.d  = x_nd.shape
        self.bend_coefs = bend_coefs
        self.N          = N
        self.QN         = QN        
        self.NON        = NON
        self.NR         = NR
        self.x_nd       = x_nd
        self.K_nn       = K_nn
        self.valid = True
    # @profile
[docs]    def solve(self, wt_n, y_nd, bend_coef, rot_coef,f_res):
        assert y_nd.shape == (self.n, self.d)
        assert bend_coef in self.bend_coefs
        assert np.allclose(rot_coef, self.rot_coef)
        assert self.valid
        WQN = wt_n[:, None] * self.QN
        lhs = self.NON[b] + self.QN.T.dot(WQN)
        wy_nd = wt_n[:, None] * y_nd
        rhs = self.NR + self.QN.T.dot(wy_nd)
        z = scipy.linalg.solve(lhs, rhs)
        theta = self.N.dot(z)
        set_ThinPlateSpline(f_res, self.x_nd, theta)


    @staticmethod
[docs]    def get_solvers(h5file):
        solvers = {}
        for seg_name, seg_info in h5file.iteritems():
            solver_info = seg_info['solver']
            N    = solver_info['N'][:]
            QN   = solver_info['QN'][:]
            NR   = solver_info['NR'][:]
            x_nd = solver_info['x_nd'][:]
            K_nn = solver_info['K_nn'][:]
            bend_coefs = [float(x) for x in solver_info['NON'].keys()]
            NON = {}
            for b in bend_coefs:
                NON[b] = solver_info['NON'][str(b)][:]
            solvers[seg_name] = NoGPUTPSSolver(bend_coefs, N, QN, NON, NR, x_nd, K_nn)
        return solvers



[docs]class NoGPUEmptySolver(object):
    """
    computes solution params and returns a NoGPUTPSSolver
    """
    def __init__(self, max_N, bend_coefs):
        d = 3
        self.max_N = max_N
        self.bend_coefs = bend_coefs
        self.cur_solver = None
    # @profile
[docs]    def get_solver(self, x_na, K_nn, bend_coefs, rot_coef):
        n,d = x_na.shape
        assert len(bend_coefs) <= len(self.bend_coefs)
        assert n <= self.max_N

        if not self.cur_solver is None:
            self.cur_solver.valid = False

        Q = np.c_[np.ones((n, 1)), x_na, K_nn]
        A = np.r_[np.zeros((d+1, d+1)), np.c_[np.ones((n, 1)), x_na]].T
        
        R = np.zeros((n+d+1, d))
        R[1:d+1, :d] = np.diag(rot_coef)
    
        n_cnts = A.shape[0]    
        _u,_s,_vh = np.linalg.svd(A.T)
        N = _u[:,n_cnts:]
        QN = Q.dot(N)
        NR = N.T.dot(R)
        
        NON = {}
        for i, b in enumerate(bend_coefs):
            O_b = np.zeros((n+d+1, n+d+1), np.float64)
            O_b[d+1:, d+1:] += b * K_nn
            O_b[1:d+1, 1:d+1] += np.diag(rot_coef)
            NON[b] = N.T.dot(O_b.dot(N))
       
        self.cur_solver = NoGPUTPSSolver(bend_coefs, N, QN, NON, NR, x_na, K_nn, rot_coef)
        return self.cur_solver



[docs]class TPSSolver(object):
    """
    class to fit a thin plate spline to data using precomputed
    matrix products
    """
    def __init__(self, bend_coefs, N, QN, NON, NR, x_nd, K_nn, rot_coef, 
                 QN_gpu = None, WQN_gpu = None, NON_gpu = None, NHN_gpu = None):
        for b in bend_coefs:
            assert b in NON, 'no solver found for bending coefficient {}'.format(b)
        self.rot_coef = rot_coef
        self.n, self.d  = x_nd.shape
        self.bend_coefs = bend_coefs
        self.N          = N
        self.QN         = QN        
        self.NON        = NON
        self.NR         = NR
        self.x_nd       = x_nd
        self.K_nn       = K_nn
        ## set up GPU memory
        if QN_gpu is None:
            self.QN_gpu = gpuarray.to_gpu(self.QN)
        else:
            self.QN_gpu = QN_gpu
        if WQN_gpu is None:            
            self.WQN_gpu = gpuarray.zeros_like(self.QN_gpu)
        else:
            self.WQN_gpu = WQN_gpu
        if NON_gpu is None:            
            self.NON_gpu = {}
            for b in bend_coefs:
                self.NON_gpu[b] = gpuarray.to_gpu(self.NON[b])
        else:
            self.NON_gpu = NON_gpu
        if NHN_gpu is None:            
            self.NHN_gpu = gpuarray.zeros_like(self.NON_gpu[bend_coefs[0]])
        else:
            self.NHN_gpu = NHN_gpu
        self.valid = True
    # @profile
[docs]    def initialize_solver(self, b, wt_n):
        drv.memcpy_dtod_async(self.NHN_gpu.gpudata, self.NON_gpu[b].gpudata,
                              self.NHN_gpu.nbytes)
        self.WQN_gpu.set_async(wt_n[:, None] * self.QN)
    # @profile

[docs]    def solve(self, wt_n, y_nd, bend_coef, rot_coef,f_res):
        assert y_nd.shape == (self.n, self.d)
        assert bend_coef in self.bend_coefs
        assert np.allclose(rot_coef, self.rot_coef)
        assert self.valid
        self.initialize_solver(bend_coef, wt_n)
        gemm(self.QN_gpu, self.WQN_gpu, self.NHN_gpu, 
             transa='T', alpha=1, beta=1)
        lhs = self.NHN_gpu.get()
        wy_nd = wt_n[:, None] * y_nd
        rhs = self.NR + self.QN.T.dot(wy_nd)
        z = scipy.linalg.solve(lhs, rhs)
        theta = self.N.dot(z)
        set_ThinPlateSpline(f_res, self.x_nd, theta)


    @staticmethod
[docs]    def get_solvers(h5file):
        solvers = {}
        for seg_name, seg_info in h5file.iteritems():
            solver_info = seg_info['solver']
            N    = solver_info['N'][:]
            QN   = solver_info['QN'][:]
            NR   = solver_info['NR'][:]
            x_nd = solver_info['x_nd'][:]
            K_nn = solver_info['K_nn'][:]
            bend_coefs = [float(x) for x in solver_info['NON'].keys()]
            NON = {}
            for b in bend_coefs:
                NON[b] = solver_info['NON'][str(b)][:]
            solvers[seg_name] = TPSSolver(bend_coefs, N, QN, NON, NR, x_nd, K_nn)
        return solvers        



[docs]class EmptySolver(object):
    """
    pre-allocates the GPU space needed to get a new solver
    efficiently computes solution params and returns a TPSSolver
    """
    def __init__(self, max_N, bend_coefs):
        d = 3
        self.max_N = max_N
        self.bend_coefs = bend_coefs
        self.cur_solver = None
        self.NON_gpu = gpuarray.empty(max_N * max_N * len(bend_coefs), np.float64)
        self.NHN_gpu = gpuarray.empty(max_N * max_N , np.float64)
        self.QN_gpu = gpuarray.empty(max_N * max_N, np.float64)
        self.WQN_gpu = gpuarray.empty(max_N * max_N, np.float64)
        # temporary space to compute NON
        self.ON_gpu = gpuarray.empty(max_N * (max_N + d + 1)* len(bend_coefs), np.float64)
        self.O_gpu = gpuarray.empty((max_N +d+1)*(max_N+d+1)* len(bend_coefs), np.float64)
        self.N_gpu = gpuarray.empty((max_N +d+1)*(max_N) *len(bend_coefs), np.float64)
    # @profile
[docs]    def get_solver(self, x_na, K_nn, bend_coefs, rot_coef):
        n,d = x_na.shape
        assert len(bend_coefs) <= len(self.bend_coefs)
        assert n <= self.max_N

        if not self.cur_solver is None:
            self.cur_solver.valid = False

        Q = np.c_[np.ones((n, 1)), x_na, K_nn]
        A = np.r_[np.zeros((d+1, d+1)), np.c_[np.ones((n, 1)), x_na]].T
        
        R = np.zeros((n+d+1, d))
        R[1:d+1, :d] = np.diag(rot_coef)
    
        n_cnts = A.shape[0]    
        _u,_s,_vh = np.linalg.svd(A.T)
        N = _u[:,n_cnts:].copy()
        N_gpu = self.N_gpu[:(n+d+1)*n].reshape(n+d+1, n)
        N_gpu.set_async(N)
        QN = Q.dot(N)
        QN_gpu = self.QN_gpu[:n*n].reshape(n, n)
        QN_gpu.set_async(QN)
        WQN_gpu = self.WQN_gpu[:n*n].reshape(n, n)
        NHN_gpu = self.NHN_gpu[:n*n].reshape(n, n)
        NR = N.T.dot(R)
        
        N_arr_gpu = []
        O_gpu = []
        ON_gpu = []
        NON_gpu = []
        for i, b in enumerate(bend_coefs):
            O_b = np.zeros((n+d+1, n+d+1), np.float64)
            O_b[d+1:, d+1:] += b * K_nn
            O_b[1:d+1, 1:d+1] += np.diag(rot_coef)
            offset = i * (n+d+1)*(n+d+1)
            O_gpu.append(self.O_gpu[offset:offset + (n+d+1)*(n+d+1)].reshape(n+d+1, n+d+1))
            O_gpu[-1].set(O_b)

            offset = i * (n)*(n+d+1)
            ON_gpu.append(self.ON_gpu[offset:offset + n*(n+d+1)].reshape(n+d+1, n))
            offset = i * n * n
            NON_gpu.append(self.NON_gpu[offset:offset + n*n].reshape(n, n))
            N_arr_gpu.append(N_gpu)
        O_ptrs = get_gpu_ptrs(O_gpu)
        ON_ptrs = get_gpu_ptrs(ON_gpu)
        NON_ptrs = get_gpu_ptrs(NON_gpu)
        N_ptrs = get_gpu_ptrs(N_arr_gpu)

        dot_batch_nocheck(O_gpu,  N_arr_gpu, ON_gpu,
                          O_ptrs, N_ptrs,    ON_ptrs,
                          b = 0)
        dot_batch_nocheck(N_arr_gpu, ON_gpu,  NON_gpu,
                          N_ptrs,    ON_ptrs, NON_ptrs,
                          transa='T', b = 0)
        NON_gpu = dict(zip(bend_coefs, NON_gpu))
        NON = dict([(b, non.get_async()) for b, non in NON_gpu.iteritems()])
        self.cur_solver = TPSSolver(bend_coefs, N, QN, NON, NR, x_na, K_nn, rot_coef,
                                    QN_gpu, WQN_gpu, NON_gpu, NHN_gpu)
        return self.cur_solver



[docs]class Transformation(object):
    """
    Object oriented interface for transformations R^d -> R^d
    """
[docs]    def transform_points(self, x_ma):
        raise NotImplementedError

[docs]    def compute_jacobian(self, x_ma):
        raise NotImplementedError        

        

[docs]    def transform_bases(self, x_ma, rot_mad, orthogonalize=True, orth_method = "cross"):
        """
        orthogonalize: none, svd, qr
        """

        grad_mga = self.compute_jacobian(x_ma)
        newrot_mgd = np.array([grad_ga.dot(rot_ad) for (grad_ga, rot_ad) in zip(grad_mga, rot_mad)])
        

        if orthogonalize:
            if orth_method == "qr": 
                newrot_mgd =  orthogonalize3_qr(newrot_mgd)
            elif orth_method == "svd":
                newrot_mgd = orthogonalize3_svd(newrot_mgd)
            elif orth_method == "cross":
                newrot_mgd = orthogonalize3_cross(newrot_mgd)
            else: raise Exception("unknown orthogonalization method %s"%orthogonalize)
        return newrot_mgd
        

[docs]    def transform_hmats(self, hmat_mAD):
        """
        Transform (D+1) x (D+1) homogenius matrices
        """
        hmat_mGD = np.empty_like(hmat_mAD)
        hmat_mGD[:,:3,3] = self.transform_points(hmat_mAD[:,:3,3])
        hmat_mGD[:,:3,:3] = self.transform_bases(hmat_mAD[:,:3,3], hmat_mAD[:,:3,:3])
        hmat_mGD[:,3,:] = np.array([0,0,0,1])
        return hmat_mGD
        

[docs]    def compute_numerical_jacobian(self, x_d, epsilon=0.0001):
        "numerical jacobian"
        x0 = np.asfarray(x_d)
        f0 = self.transform_points(x0)
        jac = np.zeros(len(x0), len(f0))
        dx = np.zeros(len(x0))
        for i in range(len(x0)):
            dx[i] = epsilon
            jac[i] = (self.transform_points(x0+dx) - f0) / epsilon
            dx[i] = 0.
        return jac.transpose()



[docs]class ThinPlateSpline(Transformation):
    """
    members:
        x_na: centers of basis functions
        w_ng: 
        lin_ag: transpose of linear part, so you take x_na.dot(lin_ag)
        trans_g: translation part
    
    """
    def __init__(self, d=3):
        "initialize as identity"
        self.x_na = np.zeros((0,d))
        self.lin_ag = np.eye(d)
        self.trans_g = np.zeros(d)
        self.w_ng = np.zeros((0,d))

[docs]    def transform_points(self, x_ma):
        y_ng = tps.tps_eval(x_ma, self.lin_ag, self.trans_g, self.w_ng, self.x_na)
        return y_ng

[docs]    def compute_jacobian(self, x_ma):
        grad_mga = tps.tps_grad(x_ma, self.lin_ag, self.trans_g, self.w_ng, self.x_na)
        return grad_mga
        


[docs]class Affine(Transformation):
    def __init__(self, lin_ag, trans_g):
        self.lin_ag = lin_ag
        self.trans_g = trans_g
[docs]    def transform_points(self, x_ma):
        return x_ma.dot(self.lin_ag) + self.trans_g[None,:]  

[docs]    def compute_jacobian(self, x_ma):
        return np.repeat(self.lin_ag.T[None,:,:],len(x_ma), axis=0)
        


[docs]class Composition(Transformation):
    def __init__(self, fs):
        "applied from first to last (left to right)"
        self.fs = fs
[docs]    def transform_points(self, x_ma):
        for f in self.fs: x_ma = f.transform_points(x_ma)
        return x_ma

[docs]    def compute_jacobian(self, x_ma):
        grads = []
        for f in self.fs:
            grad_mga = f.compute_jacobian(x_ma)
            grads.append(grad_mga)
            x_ma = f.transform_points(x_ma)
        totalgrad = grads[0]
        for grad in grads[1:]:
            totalgrad = (grad[:,:,:,None] * totalgrad[:,None,:,:]).sum(axis=-2)
        return totalgrad



[docs]def fit_ThinPlateSpline(x_na, y_ng, bend_coef=.1, rot_coef = 1e-5, wt_n=None):
    """
    x_na: source cloud
    y_nd: target cloud
    smoothing: penalize non-affine part
    angular_spring: penalize rotation
    wt_n: weight the points        
    """
    f = ThinPlateSpline()
    f.lin_ag, f.trans_g, f.w_ng = tps.tps_fit3(x_na, y_ng, bend_coef, rot_coef, wt_n)
    f.x_na = x_na
    return f


[docs]def set_ThinPlateSpline(f, x_na, theta):
    f.x_na = x_na
    d = x_na.shape[1]
    f.trans_g = theta[0]
    f.lin_ag  = theta[1:d+1]
    f.w_ng    = theta[d+1:]
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  Source code for lfd.transfer.registration_transfer

from __future__ import division

import settings
import numpy as np
from lfd.demonstration import demonstration
from lfd.environment import sim_util
from lfd.registration import registration
from lfd.transfer import transfer
from lfd.transfer import planning

[docs]class RegistrationAndTrajectoryTransferer(object):
    def __init__(self, registration_factory, trajectory_transferer):
        self.registration_factory = registration_factory
        self.trajectory_transferer = trajectory_transferer
    
[docs]    def transfer(self, demo, test_scene_state, callback=None, args=(), plotting=False):
        """Registers demonstration scene onto the test scene and uses this registration to transfer the demonstration trajectory
        
        Args:
            demo: Demonstration that has the demonstration scene and the trajectory to transfer
            test_scene_state: SceneState of the test scene
        
        Returns:
            The transferred Trajectory
        """
        raise NotImplementedError



[docs]class TwoStepRegistrationAndTrajectoryTransferer(RegistrationAndTrajectoryTransferer):
[docs]    def transfer(self, demo, test_scene_state, callback=None, args=(), plotting=False):
        reg = self.registration_factory.register(demo, test_scene_state, callback=callback, args=args)
        test_aug_traj = self.trajectory_transferer.transfer(reg, demo, plotting=plotting)
        return test_aug_traj



[docs]class UnifiedRegistrationAndTrajectoryTransferer(RegistrationAndTrajectoryTransferer):
    def __init__(self, registration_factory, trajectory_transferer, 
                 alpha=settings.ALPHA, 
                 beta_pos=settings.BETA_POS, 
                 gamma=settings.GAMMA, 
                 use_collision_cost=settings.USE_COLLISION_COST, 
                 init_trajectory_transferer=None):
        super(UnifiedRegistrationAndTrajectoryTransferer, self).__init__(registration_factory, trajectory_transferer)
        if not isinstance(registration_factory, registration.TpsRpmRegistrationFactory):
            raise NotImplementedError("UnifiedRegistrationAndTrajectoryTransferer only supports TpsRpmRegistrationFactory")
        if not isinstance(trajectory_transferer, transfer.FingerTrajectoryTransferer):
            raise NotImplementedError("UnifiedRegistrationAndTrajectoryTransferer only supports FingerTrajectoryTransferer")
        self.sim = trajectory_transferer.sim
        self.alpha = alpha
        self.beta_pos = beta_pos
        self.gamma = gamma
        self.use_collision_cost = use_collision_cost
        self.init_trajectory_transferer = init_trajectory_transferer

[docs]    def transfer(self, demo, test_scene_state, callback=None, args=(), plotting=False):
        reg = self.registration_factory.register(demo, test_scene_state, callback=callback, args=args)

        handles = []
        if plotting:
            demo_cloud = demo.scene_state.cloud
            test_cloud = reg.test_scene_state.cloud
            demo_color = demo.scene_state.color
            test_color = reg.test_scene_state.color
            handles.append(self.sim.env.plot3(demo_cloud[:,:3], 2, demo_color if demo_color is not None else (1,0,0)))
            handles.append(self.sim.env.plot3(test_cloud[:,:3], 2, test_color if test_color is not None else (0,0,1)))
            self.sim.viewer.Step()
        
        active_lr = ""
        for lr in 'lr':
            if lr in demo.aug_traj.lr2arm_traj and sim_util.arm_moved(demo.aug_traj.lr2arm_traj[lr]):
                active_lr += lr
        _, timesteps_rs = sim_util.unif_resample(np.c_[(1./settings.JOINT_LENGTH_PER_STEP) * np.concatenate([demo.aug_traj.lr2arm_traj[lr] for lr in active_lr], axis=1), 
                                                       (1./settings.FINGER_CLOSE_RATE) * np.concatenate([demo.aug_traj.lr2finger_traj[lr] for lr in active_lr], axis=1)], 
                                                 1.)
        demo_aug_traj_rs = demo.aug_traj.get_resampled_traj(timesteps_rs)

        if self.init_trajectory_transferer:
            warm_init_traj = self.init_trajectory_transferer.transfer(reg, demo, plotting=plotting)
        
        manip_name = ""
        flr2finger_link_names = []
        flr2demo_finger_pts_trajs_rs = []
        init_traj = np.zeros((len(timesteps_rs),0))
        for lr in active_lr:
            arm_name = {"l":"leftarm", "r":"rightarm"}[lr]
            finger_name = "%s_gripper_l_finger_joint"%lr
            
            if manip_name:
                manip_name += "+"
            manip_name += arm_name + "+" + finger_name
            
            if self.init_trajectory_transferer:
                init_traj = np.c_[init_traj, warm_init_traj.lr2arm_traj[lr], warm_init_traj.lr2finger_traj[lr]]
            else:
                init_traj = np.c_[init_traj, demo_aug_traj_rs.lr2arm_traj[lr], demo_aug_traj_rs.lr2finger_traj[lr]]
            
            if plotting:
                handles.append(self.sim.env.drawlinestrip(demo.aug_traj.lr2ee_traj[lr][:,:3,3], 2, (1,0,0)))
                handles.append(self.sim.env.drawlinestrip(demo_aug_traj_rs.lr2ee_traj[lr][:,:3,3], 2, (1,1,0)))
                transformed_ee_traj_rs = reg.f.transform_hmats(demo_aug_traj_rs.lr2ee_traj[lr])
                handles.append(self.sim.env.drawlinestrip(transformed_ee_traj_rs[:,:3,3], 2, (0,1,0)))
                self.sim.viewer.Step()

            flr2demo_finger_pts_traj_rs = sim_util.get_finger_pts_traj(self.sim.robot, lr, (demo_aug_traj_rs.lr2ee_traj[lr], demo_aug_traj_rs.lr2finger_traj[lr]))
            flr2demo_finger_pts_trajs_rs.append(flr2demo_finger_pts_traj_rs)
            
            flr2transformed_finger_pts_traj_rs = {}
            flr2finger_link_name = {}
            flr2finger_rel_pts = {}
            for finger_lr in 'lr':
                flr2transformed_finger_pts_traj_rs[finger_lr] = reg.f.transform_points(np.concatenate(flr2demo_finger_pts_traj_rs[finger_lr], axis=0)).reshape((-1,4,3))
                flr2finger_link_name[finger_lr] = "%s_gripper_%s_finger_tip_link"%(lr,finger_lr)
                flr2finger_rel_pts[finger_lr] = sim_util.get_finger_rel_pts(finger_lr)
            flr2finger_link_names.append(flr2finger_link_name)
            
            if plotting:
                handles.extend(sim_util.draw_finger_pts_traj(self.sim, flr2demo_finger_pts_traj_rs, (1,1,0)))
                handles.extend(sim_util.draw_finger_pts_traj(self.sim, flr2transformed_finger_pts_traj_rs, (0,1,0)))
                self.sim.viewer.Step()
        
        if not self.init_trajectory_transferer:
            # modify the shoulder joint angle of init_traj to be the limit (highest arm) because this usually gives a better local optima (but this might not be the right thing to do)
            dof_inds = sim_util.dof_inds_from_name(self.sim.robot, manip_name)
            joint_ind = self.sim.robot.GetJointIndex("%s_shoulder_lift_joint"%lr)
            init_traj[:,dof_inds.index(joint_ind)] = self.sim.robot.GetDOFLimits([joint_ind])[0][0]

        print "planning joint TPS and finger points trajectory following"
        test_traj, obj_value, tps_rel_pts_costs, tps_cost = planning.joint_fit_tps_follow_finger_pts_trajs(self.sim.robot, manip_name, 
                                                                              flr2finger_link_names, flr2finger_rel_pts, 
                                                                              flr2demo_finger_pts_trajs_rs, init_traj, 
                                                                              reg.f, 
                                                                              use_collision_cost=self.use_collision_cost,
                                                                              start_fixed=False,
                                                                              alpha=self.alpha, beta_pos=self.beta_pos, gamma=self.gamma)

        full_traj = (test_traj, sim_util.dof_inds_from_name(self.sim.robot, manip_name))
        test_aug_traj = demonstration.AugmentedTrajectory.create_from_full_traj(self.sim.robot, full_traj, lr2open_finger_traj=demo_aug_traj_rs.lr2open_finger_traj, lr2close_finger_traj=demo_aug_traj_rs.lr2close_finger_traj)
        
        if plotting:
            for lr in active_lr:
                flr2new_transformed_finger_pts_traj_rs = {}
                for finger_lr in 'lr':
                    flr2new_transformed_finger_pts_traj_rs[finger_lr] = reg.f.transform_points(np.concatenate(flr2demo_finger_pts_traj_rs[finger_lr], axis=0)).reshape((-1,4,3))
                handles.extend(sim_util.draw_finger_pts_traj(self.sim, flr2new_transformed_finger_pts_traj_rs, (0,1,1)))
                handles.append(self.sim.env.drawlinestrip(test_aug_traj.lr2ee_traj[lr][:,:3,3], 2, (0,0,1)))
                flr2test_finger_pts_traj = sim_util.get_finger_pts_traj(self.sim.robot, lr, full_traj)
                handles.extend(sim_util.draw_finger_pts_traj(self.sim, flr2test_finger_pts_traj, (0,0,1)))
            self.sim.viewer.Step()
        
        return test_aug_traj
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  Source code for lfd.tpsopt.registration

"""
Register point clouds to each other


arrays are named like name_abc
abc are subscripts and indicate the what that tensor index refers to

index name conventions:
    m: test point index
    n: training point index
    a: input coordinate
    g: output coordinate
    d: gripper coordinate
"""

from __future__ import division

import numpy as np
import scipy.spatial.distance as ssd

from lfd.tpsopt.transformations import ThinPlateSpline, fit_ThinPlateSpline
import tps
from settings import BEND_COEF_DIGITS

# from svds import svds


[docs]def loglinspace(a,b,n):
    "n numbers between a to b (inclusive) with constant ratio between consecutive numbers"
    return np.exp(np.linspace(np.log(a),np.log(b),n))    


[docs]def registration_cost(xyz0, xyz1, f_p_mats=None, f_o_mats=None, b_p_mats=None, b_o_mats=None):
    if f_p_mats is None:        
        f, g = tps_rpm_bij(xyz0, xyz1, n_iter=10)
    else:
        f, g = tps_rpm_bij_presolve(xyz0, xyz1, n_iter=10, f_p_mats=f_p_mats, f_o_mats=f_o_mats,
                                    b_p_mats=b_p_mats, b_o_mats=b_o_mats)
    return f._cost + g._cost


[docs]def unit_boxify(x_na):    
    ranges = x_na.ptp(axis=0)
    dlarge = ranges.argmax()
    unscaled_translation = - (x_na.min(axis=0) + x_na.max(axis=0))/2
    scaling = 1./ranges[dlarge]
    scaled_translation = unscaled_translation * scaling
    return x_na*scaling + scaled_translation, (scaling, scaled_translation)    


[docs]def unscale_tps(f, src_params, targ_params):
    """Only works in 3d!!"""
    p,q = src_params
    r,s = targ_params
    
    d = len(q)
    
    lin_in = np.eye(d)*p
    trans_in = q
    aff_in = Affine(lin_in, trans_in)
    
    lin_out = np.eye(d)/r
    trans_out = -s/r
    aff_out = Affine(lin_out, trans_out)

    return Composition([aff_in, f, aff_out])
        
# @profile

[docs]def tps_rpm_bij(x_nd, y_md, fsolve, gsolve,n_iter = 20, reg_init = .1, reg_final = .001, rad_init = .1,
                rad_final = .005, rot_reg = 1e-3, outlierprior=1e-1, outlierfrac=2e-1, vis_cost_xy=None,
                return_corr=False, check_solver=False):
    """
    tps-rpm algorithm mostly as described by chui and rangaran
    reg_init/reg_final: regularization on curvature
    rad_init/rad_final: radius for correspondence calculation (meters)
    plotting: 0 means don't plot. integer n means plot every n iterations
    """
    
    _,d=x_nd.shape
    regs = np.around(loglinspace(reg_init, reg_final, n_iter), BEND_COEF_DIGITS)
    rads = loglinspace(rad_init, rad_final, n_iter)

    f = ThinPlateSpline(d)
    scale = (np.max(y_md,axis=0) - np.min(y_md,axis=0)) / (np.max(x_nd,axis=0) - np.min(x_nd,axis=0))
    f.lin_ag = np.diag(scale) # align the mins and max
    f.trans_g = np.median(y_md,axis=0) - np.median(x_nd,axis=0) * scale  # align the medians
    
    g = ThinPlateSpline(d)
    g.lin_ag = np.diag(1./scale)
    g.trans_g = -np.diag(1./scale).dot(f.trans_g)


    # r_N = None
    
    for i in xrange(n_iter):
        xwarped_nd = f.transform_points(x_nd)
        ywarped_md = g.transform_points(y_md)
        
        fwddist_nm = ssd.cdist(xwarped_nd, y_md,'euclidean')
        invdist_nm = ssd.cdist(x_nd, ywarped_md,'euclidean')
        
        r = rads[i]
        prob_nm = np.exp( -(fwddist_nm + invdist_nm) / (2*r) )
        corr_nm, r_N, _ =  balance_matrix(prob_nm, 10, outlierprior, outlierfrac)
        corr_nm += 1e-9
        
        wt_n = corr_nm.sum(axis=1)
        wt_m = corr_nm.sum(axis=0)

        xtarg_nd = (corr_nm/wt_n[:,None]).dot(y_md)
        ytarg_md = (corr_nm/wt_m[None,:]).T.dot(x_nd)                

        fsolve.solve(wt_n, xtarg_nd, regs[i], rot_reg, f)        
        gsolve.solve(wt_m, ytarg_md, regs[i], rot_reg, g)
        if check_solver:
            f_test = fit_ThinPlateSpline(x_nd, xtarg_nd, bend_coef = regs[i], wt_n=wt_n, rot_coef = rot_reg)
            g_test = fit_ThinPlateSpline(y_md, ytarg_md, bend_coef = regs[i], wt_n=wt_m, rot_coef = rot_reg)
            tol = 1e-4
            assert np.allclose(f.trans_g, f_test.trans_g, atol=tol)
            assert np.allclose(f.lin_ag, f_test.lin_ag, atol=tol)
            assert np.allclose(f.w_ng, f_test.w_ng, atol=tol)
            assert np.allclose(g.trans_g, g_test.trans_g, atol=tol)
            assert np.allclose(g.lin_ag, g_test.lin_ag, atol=tol)
            assert np.allclose(g.w_ng, g_test.w_ng, atol=tol)

    f._cost = tps.tps_cost(f.lin_ag, f.trans_g, f.w_ng, f.x_na, xtarg_nd, regs[i], wt_n=wt_n)/wt_n.mean()
    g._cost = tps.tps_cost(g.lin_ag, g.trans_g, g.w_ng, g.x_na, ytarg_md, regs[i], wt_n=wt_m)/wt_m.mean()
    if return_corr:
        return (f, g), corr_nm
    return f,g


[docs]def balance_matrix(prob_nm, max_iter, p, outlierfrac, r_N = None):
    
    n,m = prob_nm.shape
    prob_NM = np.empty((n+1, m+1), 'f4')
    prob_NM[:n, :m] = prob_nm
    prob_NM[:n, m] = p
    prob_NM[n, :m] = p
    prob_NM[n, m] = p*np.sqrt(n*m)
    
    a_N = np.ones((n+1),'f4')
    a_N[n] = m*outlierfrac
    b_M = np.ones((m+1),'f4')
    b_M[m] = n*outlierfrac
    
    if r_N is None: r_N = np.ones(n+1,'f4')

    for _ in xrange(max_iter):
        c_M = b_M/r_N.dot(prob_NM)
        r_N = a_N/prob_NM.dot(c_M)

    prob_NM *= r_N[:,None]
    prob_NM *= c_M[None,:]
    
    return prob_NM[:n, :m], r_N, c_M
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  Source code for lfd.tpsopt.precompute

import h5py
import argparse
import sys

import numpy as np
import scipy.linalg
from pycuda import gpuarray
import scikits.cuda.linalg
from scikits.cuda.linalg import pinv as cu_pinv

from settings import GRIPPER_OPEN_CLOSE_THRESH
from tps import tps_kernel_matrix, tps_kernel_matrix2
from lfd.tpsopt.registration import unit_boxify, loglinspace
from lfd.rapprentice import clouds
from culinalg_exts import get_gpu_ptrs, dot_batch_nocheck, m_dot_batch
from settings import N_ITER_CHEAP, DEFAULT_LAMBDA, DS_SIZE, BEND_COEF_DIGITS, EXACT_LAMBDA, N_ITER_EXACT


[docs]def parse_arguments():
    parser = argparse.ArgumentParser()
    parser.add_argument('datafile', type=str)
    parser.add_argument('--bend_coef_init', type=float, default=DEFAULT_LAMBDA[0])
    parser.add_argument('--bend_coef_final', type=float, default=DEFAULT_LAMBDA[1])
    parser.add_argument('--exact_bend_coef_init', type=float, default=EXACT_LAMBDA[0])
    parser.add_argument('--exact_bend_coef_final', type=float, default=EXACT_LAMBDA[1])
    parser.add_argument('--n_iter', type=int, default=N_ITER_CHEAP)
    parser.add_argument('--exact_n_iter', type=int, default=N_ITER_EXACT)
    parser.add_argument('--verbose', action='store_true')
    parser.add_argument('--replace', action='store_true')
    parser.add_argument('--cloud_name', type=str, default='cloud_xyz')
    parser.add_argument('--fill_traj', action='store_true')
    parser.add_argument('--test', action='store_true')
    return parser.parse_args()
# @profile

[docs]def batch_get_sol_params(x_nd, K_nn, bend_coefs, rot_coef):
    n, d = x_nd.shape

    x_gpu = gpuarray.to_gpu(x_nd)

    H_arr_gpu = []
    for b in bend_coefs:
        cur_offset = np.zeros((1 + d + n, 1 + d + n), np.float64)
        cur_offset[d+1:, d+1:] = b * K_nn
        cur_offset[1:d+1, 1:d+1] = np.diag(rot_coef)
        H_arr_gpu.append(gpuarray.to_gpu(cur_offset))
    H_ptr_gpu = get_gpu_ptrs(H_arr_gpu)

    A = np.r_[np.zeros((d+1,d+1)), np.c_[np.ones((n,1)), x_nd]].T
    n_cnts = A.shape[0]
    _u,_s,_vh = np.linalg.svd(A.T)
    N = _u[:,n_cnts:]
    F = np.zeros((n + d + 1, d), np.float64)
    F[1:d+1, :d] += np.diag(rot_coef)
    
    Q = np.c_[np.ones((n,1)), x_nd, K_nn].astype(np.float64)
    F = F.astype(np.float64)
    N = N.astype(np.float64)

    Q_gpu     = gpuarray.to_gpu(Q)
    Q_arr_gpu = [Q_gpu for _ in range(len(bend_coefs))]
    Q_ptr_gpu = get_gpu_ptrs(Q_arr_gpu)

    F_gpu     = gpuarray.to_gpu(F)
    F_arr_gpu = [F_gpu for _ in range(len(bend_coefs))]
    F_ptr_gpu = get_gpu_ptrs(F_arr_gpu)

    N_gpu = gpuarray.to_gpu(N)
    N_arr_gpu = [N_gpu for _ in range(len(bend_coefs))]
    N_ptr_gpu = get_gpu_ptrs(N_arr_gpu)
    
    dot_batch_nocheck(Q_arr_gpu, Q_arr_gpu, H_arr_gpu,
                      Q_ptr_gpu, Q_ptr_gpu, H_ptr_gpu,
                      transa = 'T')
    # N'HN
    NHN_arr_gpu, NHN_ptr_gpu = m_dot_batch((N_arr_gpu, N_ptr_gpu, 'T'),
                                           (H_arr_gpu, H_ptr_gpu, 'N'),
                                           (N_arr_gpu, N_ptr_gpu, 'N'))
    iH_arr = []
    for NHN in NHN_arr_gpu:
        iH_arr.append(scipy.linalg.inv(NHN.get()).copy())
    iH_arr_gpu = [gpuarray.to_gpu_async(iH) for iH in iH_arr]
    iH_ptr_gpu = get_gpu_ptrs(iH_arr_gpu)

    proj_mats   = m_dot_batch((N_arr_gpu,  N_ptr_gpu,   'N'),
                              (iH_arr_gpu, iH_ptr_gpu, 'N'),
                              (N_arr_gpu,  N_ptr_gpu,   'T'),
                              (Q_arr_gpu,  Q_ptr_gpu,   'T'))

    offset_mats = m_dot_batch((N_arr_gpu,  N_ptr_gpu,   'N'),
                              (iH_arr_gpu, iH_ptr_gpu, 'N'),
                              (N_arr_gpu,  N_ptr_gpu,   'T'),
                              (F_arr_gpu,  F_ptr_gpu,   'N'))

    return proj_mats, offset_mats


[docs]def test_batch_get_sol_params(f, bend_coefs, rot_coef, atol=1e-7, index=0):
    seg_info = f.items()[index][1]
    inv_group =  seg_info['inv']
    ds_key = 'DS_SIZE_{}'.format(DS_SIZE)
    x_nd = inv_group[ds_key]['scaled_cloud_xyz'][:]
    K_nn = inv_group[ds_key]['scaled_K_nn'][:]

    n, d = x_nd.shape

    x_gpu = gpuarray.to_gpu(x_nd)

    H_arr_gpu = []
    for b in bend_coefs:
        cur_offset = np.zeros((1 + d + n, 1 + d + n), np.float64)
        cur_offset[d+1:, d+1:] = b * K_nn
        cur_offset[1:d+1, 1:d+1] = np.diag(rot_coef)
        H_arr_gpu.append(gpuarray.to_gpu(cur_offset))
    H_ptr_gpu = get_gpu_ptrs(H_arr_gpu)

    A = np.r_[np.zeros((d+1,d+1)), np.c_[np.ones((n,1)), x_nd]].T
    n_cnts = A.shape[0]
    _u,_s,_vh = np.linalg.svd(A.T)
    N = _u[:,n_cnts:]
    F = np.zeros((n + d + 1, d), np.float64)
    F[1:d+1, :d] += np.diag(rot_coef)
    
    Q = np.c_[np.ones((n,1)), x_nd, K_nn].astype(np.float64)
    F = F.astype(np.float64)
    N = N.astype(np.float64)

    Q_gpu     = gpuarray.to_gpu(Q)
    Q_arr_gpu = [Q_gpu for _ in range(len(bend_coefs))]
    Q_ptr_gpu = get_gpu_ptrs(Q_arr_gpu)

    F_gpu     = gpuarray.to_gpu(F)
    F_arr_gpu = [F_gpu for _ in range(len(bend_coefs))]
    F_ptr_gpu = get_gpu_ptrs(F_arr_gpu)

    N_gpu = gpuarray.to_gpu(N)
    N_arr_gpu = [N_gpu for _ in range(len(bend_coefs))]
    N_ptr_gpu = get_gpu_ptrs(N_arr_gpu)
    
    dot_batch_nocheck(Q_arr_gpu, Q_arr_gpu, H_arr_gpu,
                      Q_ptr_gpu, Q_ptr_gpu, H_ptr_gpu,
                      transa = 'T')
    QTQ = Q.T.dot(Q)
    H_list = []
    for i, bend_coef in enumerate(bend_coefs):
        H = QTQ
        H[d+1:,d+1:] += bend_coef * K_nn
        rot_coefs = np.ones(d) * rot_coef if np.isscalar(rot_coef) else rot_coef
        H[1:d+1, 1:d+1] += np.diag(rot_coefs)
        # ipdb.set_trace()
        H_list.append(H)

    # N'HN
    NHN_arr_gpu, NHN_ptr_gpu = m_dot_batch((N_arr_gpu, N_ptr_gpu, 'T'),
                                           (H_arr_gpu, H_ptr_gpu, 'N'),
                                           (N_arr_gpu, N_ptr_gpu, 'N'))

    NHN_list = [N.T.dot(H.dot(N)) for H in H_list]
    for i, NHN in enumerate(NHN_list):
        assert(np.allclose(NHN, NHN_arr_gpu[i].get(), atol=atol))

    iH_arr = []
    for NHN in NHN_arr_gpu:
        iH_arr.append(scipy.linalg.inv(NHN.get()).copy())

    h_inv_list = [scipy.linalg.inv(NHN) for NHN in NHN_list]
    assert(np.allclose(iH_arr, h_inv_list, atol=atol))

    iH_arr_gpu = [gpuarray.to_gpu_async(iH) for iH in iH_arr]
    iH_ptr_gpu = get_gpu_ptrs(iH_arr_gpu)

    proj_mats   = m_dot_batch((N_arr_gpu,  N_ptr_gpu,   'N'),
                              (iH_arr_gpu, iH_ptr_gpu, 'N'),
                              (N_arr_gpu,  N_ptr_gpu,   'T'),
                              (Q_arr_gpu,  Q_ptr_gpu,   'T'))
    
    proj_mats_list = [N.dot(h_inv.dot(N.T.dot(Q.T))) for h_inv in h_inv_list]
    assert(np.allclose(proj_mats_list, proj_mats[0][index].get(), atol=atol))

    offset_mats = m_dot_batch((N_arr_gpu,  N_ptr_gpu,   'N'),
                              (iH_arr_gpu, iH_ptr_gpu, 'N'),
                              (N_arr_gpu,  N_ptr_gpu,   'T'),
                              (F_arr_gpu,  F_ptr_gpu,   'N'))
    offset_mats_list = [N.dot(h_inv.dot(N.T.dot(F))) for h_inv in h_inv_list]
    assert(np.allclose(offset_mats_list, offset_mats[0][index].get(), atol=atol))


[docs]def get_exact_solver(x_na, K_nn, bend_coefs, rot_coef):
    """
    precomputes several of the matrix products needed to fit a TPS w/o the approximations
    for the batch computation

    a TPS is fit by solving the system
    N'(Q'WQ +O_b)N z = -N'(Q'W'y - N'R)
    x = Nz

    This function returns a tuple
    N, QN, N'O_bN, N'R
    where N'O_bN is a dict mapping the desired bending coefs to the appropriate product
    """
    n,d = x_na.shape
    Q = np.c_[np.ones((n, 1)), x_na, K_nn]
    A = np.r_[np.zeros((d+1, d+1)), np.c_[np.ones((n, 1)), x_na]].T

    R = np.zeros((n+d+1, d))
    R[1:d+1, :d] = np.diag(rot_coef)
    
    n_cnts = A.shape[0]    
    _u,_s,_vh = np.linalg.svd(A.T)
    N = _u[:,n_cnts:]
    QN = Q.dot(N)
    NR = N.T.dot(R)

    NON = {}
    for b in bend_coefs:
        O = np.zeros((n+d+1, n+d+1))
        O[d+1:, d+1:] += b * K_nn
        O[1:d+1, 1:d+1] += np.diag(rot_coef)
        NON[b] = N.T.dot(O.dot(N))
    return N, QN, NON, NR


# @profile

[docs]def get_sol_params(x_na, K_nn, bend_coef, rot_coef):
    """
    precomputes the linear operators to solve this linear system. 
    only dependence on data is through the specified targets

    all thats needed is to compute the righthand side and do a forward solve
    """
    n,d = x_na.shape
    Q = np.c_[np.ones((n,1)), x_na, K_nn]
    # QWQ = Q.T.dot(WQ)
    H = Q.T.dot(Q)
    H[d+1:,d+1:] += bend_coef * K_nn
    rot_coefs = np.ones(d) * rot_coef if np.isscalar(rot_coef) else rot_coef
    H[1:d+1, 1:d+1] += np.diag(rot_coefs)

    A = np.r_[np.zeros((d+1,d+1)), np.c_[np.ones((n,1)), x_na]].T

    # f = -WQ.T.dot(y_ng)
    # f[1:d+1,0:d] -= np.diag(rot_coefs)
    n_cnts = A.shape[0]
    _u,_s,_vh = np.linalg.svd(A.T)
    N = _u[:,n_cnts:]
    tmp = N.T.dot(H.dot(N))
    h_inv = scipy.linalg.inv(tmp)
    
    # z = np.linalg.solve(N.T.dot(H.dot(N)), -N.T.dot(f))
    # x = N.dot(z)


    ## x = N * (N' * H * N)^-1 * N' * Q' * y + N * (N' * H * N)^-1 * N' * diag(rot_coeffs)
    ## x = proj_mat * y + offset_mat
    ## technically we could reduce this (the N * N^-1 cancel), but H is not full rank, 
    ## so it is better to invert N' * H * N, which is square and full rank
    proj_mat = N.dot(h_inv.dot(N.T.dot(Q.T)))
    F = np.zeros(Q.T.dot(x_na).shape)
    F[1:d+1,0:d] += np.diag(rot_coefs)
    offset_mat = N.dot(h_inv.dot(N.T.dot(F)))

    res_dict = {'proj_mat': proj_mat, 
                'offset_mat' : offset_mat, 
                'h_inv': h_inv, 
                'N' : N, 
                'rot_coefs' : rot_coefs}

    return bend_coef, res_dict

# Copied from lfd/sim_util.py:

[docs]def get_opening_closing_inds(finger_traj):
    
    mult = 5.0
    GRIPPER_L_FINGER_OPEN_CLOSE_THRESH = mult * GRIPPER_OPEN_CLOSE_THRESH

    # indices BEFORE transition occurs
    opening_inds = np.flatnonzero((finger_traj[1:] >= GRIPPER_L_FINGER_OPEN_CLOSE_THRESH) & (finger_traj[:-1] < GRIPPER_L_FINGER_OPEN_CLOSE_THRESH))
    closing_inds = np.flatnonzero((finger_traj[1:] < GRIPPER_L_FINGER_OPEN_CLOSE_THRESH) & (finger_traj[:-1] >= GRIPPER_L_FINGER_OPEN_CLOSE_THRESH))
    
    return opening_inds, closing_inds


[docs]def gripper_joint2gripper_l_finger_joint_values(gripper_joint_vals):
    """
    Only the %s_gripper_l_finger_joint%lr can be controlled (this is the joint returned by robot.GetManipulator({"l":"leftarm", "r":"rightarm"}[lr]).GetGripperIndices())
    The rest of the gripper joints (like %s_gripper_joint%lr) are mimiced and cannot be controlled directly
    """
    mult = 5.0
    gripper_l_finger_joint_vals = mult * gripper_joint_vals
    return gripper_l_finger_joint_vals




[docs]def downsample_cloud(cloud_xyz):
    return clouds.downsample(cloud_xyz, DS_SIZE)


[docs]def main():
    scikits.cuda.linalg.init()
    args = parse_arguments()

    f = h5py.File(args.datafile, 'r+')
    
    bend_coefs = np.around(loglinspace(args.bend_coef_init, args.bend_coef_final, args.n_iter), 
                           BEND_COEF_DIGITS)

    for seg_name, seg_info in f.iteritems():
        if 'inv' in seg_info:
            if args.replace:
                del seg_info['inv'] 
                inv_group = seg_info.create_group('inv')
            else:
                inv_group =  seg_info['inv']
        else:
            inv_group = seg_info.create_group('inv')
        ds_key = 'DS_SIZE_{}'.format(DS_SIZE)
        if ds_key in inv_group:
            scaled_x_na = inv_group[ds_key]['scaled_cloud_xyz'][:]
            K_nn = inv_group[ds_key]['scaled_K_nn'][:]
        else:
            ds_g = inv_group.create_group(ds_key)
            x_na = downsample_cloud(seg_info[args.cloud_name][:, :3])
            scaled_x_na, scale_params = unit_boxify(x_na)
            K_nn = tps_kernel_matrix(scaled_x_na)
            if args.fill_traj:
                r_traj          = seg_info['r_gripper_tool_frame']['hmat'][:, :3, 3]
                l_traj          = seg_info['l_gripper_tool_frame']['hmat'][:, :3, 3]
                scaled_r_traj   = r_traj * scale_params[0] + scale_params[1]
                scaled_l_traj   = l_traj * scale_params[0] + scale_params[1]
                scaled_r_traj_K = tps_kernel_matrix2(scaled_r_traj, scaled_x_na)
                scaled_l_traj_K = tps_kernel_matrix2(scaled_l_traj, scaled_x_na)
                ds_g['scaled_r_traj']      = scaled_r_traj
                ds_g['scaled_l_traj']      = scaled_l_traj
                ds_g['scaled_r_traj_K']    = scaled_r_traj_K
                ds_g['scaled_l_traj_K']    = scaled_l_traj_K
                # Precompute l,r closing indices
                lr2finger_traj = {}
                for lr in 'lr':
                    arm_name = {"l":"leftarm", "r":"rightarm"}[lr]
                    lr2finger_traj[lr] = gripper_joint2gripper_l_finger_joint_values(np.asarray(seg_info['%s_gripper_joint'%lr]))[:,None]
                    opening_inds, closing_inds = get_opening_closing_inds(lr2finger_traj[lr])
                    if '%s_closing_inds'%lr in seg_info:
                        del seg_info['%s_closing_inds'%lr]
                    if not closing_inds:
                        closing_inds = False
                    seg_info['%s_closing_inds'%lr] = closing_inds
#
            ds_g['cloud_xyz']          = x_na
            ds_g['scaled_cloud_xyz']   = scaled_x_na
            ds_g['scaling']            = scale_params[0]
            ds_g['scaled_translation'] = scale_params[1]
            ds_g['scaled_K_nn']        = K_nn


        for bend_coef in bend_coefs:
            if str(bend_coef) in inv_group:
                continue
            
            bend_coef_g = inv_group.create_group(str(bend_coef))
            _, res = get_sol_params(scaled_x_na, K_nn, bend_coef)
            for k, v in res.iteritems():
                bend_coef_g[k] = v

        if args.verbose:
            sys.stdout.write('\rprecomputed tps solver for segment {}'.format(seg_name))
            sys.stdout.flush()
    print ""

    if args.test:
        atol = 1e-7
        print 'Running batch get sol params test with atol = ', atol
        test_batch_get_sol_params(f, [bend_coef], atol=atol)
        print 'batch sol params test succeeded'
    print ""

    bend_coefs = np.around(loglinspace(args.exact_bend_coef_init, args.exact_bend_coef_final,
                                       args.exact_n_iter), 
                           BEND_COEF_DIGITS)
    for seg_name, seg_info in f.iteritems():
        if 'solver' in seg_info:
            if args.replace:
                del seg_info['solver']
                solver_g = seg_info.create_group('solver')
            else:
                solver_g = seg_info['solver']
        else:
            solver_g = seg_info.create_group('solver')
        x_nd = seg_info['inv'][ds_key]['scaled_cloud_xyz'][:]
        K_nn = seg_info['inv'][ds_key]['scaled_K_nn'][:]
        N, QN, NON, NR = get_exact_solver(x_nd, K_nn, bend_coefs)
        solver_g['N']    = N
        solver_g['QN']   = QN
        solver_g['NR']   = NR
        solver_g['x_nd'] = x_nd
        solver_g['K_nn'] = K_nn
        NON_g = solver_g.create_group('NON')
        for b in bend_coefs:
            NON_g[str(b)] = NON[b]
        if args.verbose:
            sys.stdout.write('\rprecomputed exact tps solver for segment {}'.format(seg_name))
            sys.stdout.flush()
    print ""


    f.close()


if __name__=='__main__':
    main()
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  Source code for lfd.transfer.planning

from __future__ import division

import numpy as np
import json
import openravepy
import trajoptpy
from lfd.environment import sim_util
from lfd.util import util
from lfd.rapprentice import math_utils as mu
import settings

[docs]def plan_follow_traj(robot, manip_name, ee_link, new_hmats, old_traj, 
                     no_collision_cost_first=False, use_collision_cost=True, start_fixed=False, joint_vel_limits=None,
                     beta_pos=settings.BETA_POS, beta_rot=settings.BETA_ROT, gamma=settings.GAMMA):
    return plan_follow_trajs(robot, manip_name, [ee_link.GetName()], [new_hmats], old_traj, 
                     no_collision_cost_first=no_collision_cost_first, use_collision_cost=use_collision_cost, start_fixed=start_fixed, joint_vel_limits=joint_vel_limits,
                     beta_pos=beta_pos, beta_rot=beta_rot, gamma=gamma)


[docs]def plan_follow_trajs(robot, manip_name, ee_link_names, ee_trajs, old_traj, 
                     no_collision_cost_first=False, use_collision_cost=True, start_fixed=False, joint_vel_limits=None,
                     beta_pos=settings.BETA_POS, beta_rot=settings.BETA_ROT, gamma=settings.GAMMA):
    orig_dof_inds = robot.GetActiveDOFIndices()
    orig_dof_vals = robot.GetDOFValues()
    
    n_steps = len(ee_trajs[0])
    dof_inds = sim_util.dof_inds_from_name(robot, manip_name)
    assert old_traj.shape[0] == n_steps
    assert old_traj.shape[1] == len(dof_inds)
    assert len(ee_link_names) == len(ee_trajs)
        
    if no_collision_cost_first:
        init_traj, _, _ = plan_follow_trajs(robot, manip_name, ee_link_names, ee_trajs, old_traj, 
                                        no_collision_cost_first=False, use_collision_cost=False, start_fixed=start_fixed, joint_vel_limits=joint_vel_limits,
                                        beta_pos = beta_pos, beta_rot = beta_rot, gamma = gamma)
    else:
        init_traj = old_traj.copy()

    if start_fixed:
        init_traj = np.r_[robot.GetDOFValues(dof_inds)[None,:], init_traj[1:]]
        sim_util.unwrap_in_place(init_traj, dof_inds)
        init_traj += robot.GetDOFValues(dof_inds) - init_traj[0,:]

    request = {
        "basic_info" : {
            "n_steps" : n_steps,
            "manip" : manip_name,
            "start_fixed" : start_fixed
        },
        "costs" : [
        {
            "type" : "joint_vel",
            "params": {"coeffs" : [gamma/(n_steps-1)]}
        },            
        ],
        "constraints" : [
        ],
        "init_info" : {
            "type":"given_traj",
            "data":[x.tolist() for x in init_traj]
        }
    }
    
    if use_collision_cost:
        request["costs"].append(
            {
                "type" : "collision",
                "params" : {
                  "continuous" : True,
                  "coeffs" : [1000],  # penalty coefficients. list of length one is automatically expanded to a list of length n_timesteps
                  "dist_pen" : [0.025]  # robot-obstacle distance that penalty kicks in. expands to length n_timesteps
                }
            })
    
    if joint_vel_limits is not None:
        request["constraints"].append(
             {
                "type" : "joint_vel_limits",
                "params": {"vals" : joint_vel_limits,
                           "first_step" : 0,
                           "last_step" : n_steps-1
                           }
              })

    for (ee_link_name, ee_traj) in zip(ee_link_names, ee_trajs):
        poses = [openravepy.poseFromMatrix(hmat) for hmat in ee_traj]
        for (i_step,pose) in enumerate(poses):
            if start_fixed and i_step == 0:
                continue
            request["costs"].append(
                {"type":"pose",
                 "params":{
                    "xyz":pose[4:7].tolist(),
                    "wxyz":pose[0:4].tolist(),
                    "link":ee_link_name,
                    "timestep":i_step,
                    "pos_coeffs":[np.sqrt(beta_pos/n_steps)]*3,
                    "rot_coeffs":[np.sqrt(beta_rot/n_steps)]*3
                 }
                })

    s = json.dumps(request)
    with openravepy.RobotStateSaver(robot):
        orig_dof_vals
        with util.suppress_stdout():
            prob = trajoptpy.ConstructProblem(s, robot.GetEnv()) # create object that stores optimization problem
            result = trajoptpy.OptimizeProblem(prob) # do optimization
    traj = result.GetTraj()
    
    pose_costs = np.sum([cost_val for (cost_type, cost_val) in result.GetCosts() if cost_type == "pose"])
    pose_err = []
    with openravepy.RobotStateSaver(robot):
        for (ee_link_name, ee_traj) in zip(ee_link_names, ee_trajs):
            ee_link = robot.GetLink(ee_link_name)
            for (i_step, hmat) in enumerate(ee_traj):
                if start_fixed and i_step == 0:
                    continue
                robot.SetDOFValues(traj[i_step], dof_inds)
                new_hmat = ee_link.GetTransform()
                pose_err.append(openravepy.poseFromMatrix(mu.invertHmat(hmat).dot(new_hmat)))
    pose_err = np.asarray(pose_err)
    pose_costs2 = (beta_rot/n_steps) * np.square(pose_err[:,1:4]).sum() + (beta_pos/n_steps) * np.square(pose_err[:,4:7]).sum()

    joint_vel_cost = np.sum([cost_val for (cost_type, cost_val) in result.GetCosts() if cost_type == "joint_vel"])
    joint_vel_err = np.diff(traj, axis=0)
    joint_vel_cost2 = (gamma/(n_steps-1)) * np.square(joint_vel_err).sum()
    sim_util.unwrap_in_place(traj, dof_inds)
    joint_vel_err = np.diff(traj, axis=0)
    
    collision_costs = [cost_val for (cost_type, cost_val) in result.GetCosts() if "collision" in cost_type]
    if len(collision_costs) > 0:
        collision_err = np.asarray(collision_costs)
        collision_costs = np.sum(collision_costs)

    obj_value = np.sum([cost_val for (cost_type, cost_val) in result.GetCosts()])
    
    print "{:>15} | {:>10} | {:>10}".format("", "trajopt", "computed")
    print "{:>15} | {:>10}".format("COSTS", "-"*23)
    print "{:>15} | {:>10,.4} | {:>10,.4}".format("joint_vel", joint_vel_cost, joint_vel_cost2)
    if np.isscalar(collision_costs):
        print "{:>15} | {:>10,.4} | {:>10}".format("collision(s)", collision_costs, "-")
    print "{:>15} | {:>10,.4} | {:>10,.4}".format("pose(s)", pose_costs, pose_costs2)
    print "{:>15} | {:>10,.4} | {:>10}".format("total_obj", obj_value, "-")
    print ""

    print "{:>15} | {:>10} | {:>10}".format("", "abs min", "abs max")
    print "{:>15} | {:>10}".format("ERRORS", "-"*23)
    print "{:>15} | {:>10,.4} | {:>10,.4}".format("joint_vel (deg)", np.rad2deg(np.abs(joint_vel_err).min()), np.rad2deg(np.abs(joint_vel_err).max()))
    if np.isscalar(collision_costs):
        print "{:>15} | {:>10,.4} | {:>10,.4}".format("collision(s)", np.abs(-collision_err).min(), np.abs(-collision_err).max())
    print "{:>15} | {:>10,.4} | {:>10,.4}".format("rot pose(s)", np.abs(pose_err[:,1:4]).min(), np.abs(pose_err[:,1:4]).max())
    print "{:>15} | {:>10,.4} | {:>10,.4}".format("trans pose(s)", np.abs(pose_err[:,4:7]).min(), np.abs(pose_err[:,4:7]).max())
    print ""

    # make sure this function doesn't change state of the robot
    assert not np.any(orig_dof_inds - robot.GetActiveDOFIndices())
    assert not np.any(orig_dof_vals - robot.GetDOFValues())
    
    return traj, obj_value, pose_costs


[docs]def plan_follow_finger_pts_traj(robot, manip_name, flr2finger_link, flr2finger_rel_pts, flr2finger_pts_traj, old_traj, 
                                no_collision_cost_first=False, use_collision_cost=True, start_fixed=False, joint_vel_limits=None,
                                beta_pos=settings.BETA_POS, gamma=settings.GAMMA):
    return plan_follow_finger_pts_trajs(robot, manip_name, [flr2finger_link.GetName()], flr2finger_rel_pts, [flr2finger_pts_traj], old_traj, 
                                no_collision_cost_first=no_collision_cost_first, use_collision_cost=use_collision_cost, start_fixed=start_fixed, joint_vel_limits=joint_vel_limits,
                                beta_pos=beta_pos, gamma=gamma)


[docs]def plan_follow_finger_pts_trajs(robot, manip_name, flr2finger_link_names, flr2finger_rel_pts, flr2finger_pts_trajs, old_traj, 
                                no_collision_cost_first=False, use_collision_cost=True, start_fixed=False, joint_vel_limits=None,
                                beta_pos=settings.BETA_POS, gamma=settings.GAMMA):
    orig_dof_inds = robot.GetActiveDOFIndices()
    orig_dof_vals = robot.GetDOFValues()
    
    n_steps = old_traj.shape[0]
    dof_inds = sim_util.dof_inds_from_name(robot, manip_name)
    assert old_traj.shape[1] == len(dof_inds)
    for flr2finger_pts_traj in flr2finger_pts_trajs:
        for finger_pts_traj in flr2finger_pts_traj.values():
            assert len(finger_pts_traj)== n_steps
    assert len(flr2finger_link_names) == len(flr2finger_pts_trajs)
    
    if no_collision_cost_first:
        init_traj, _ = plan_follow_finger_pts_trajs(robot, manip_name, flr2finger_link_names, flr2finger_rel_pts, flr2finger_pts_trajs, old_traj, 
                                                   no_collision_cost_first=False, use_collision_cost=False, start_fixed=start_fixed, joint_vel_limits=joint_vel_limits,
                                                   beta_pos = beta_pos, gamma = gamma)
    else:
        init_traj = old_traj.copy()

    if start_fixed:
        init_traj = np.r_[robot.GetDOFValues(dof_inds)[None,:], init_traj[1:]]
        sim_util.unwrap_in_place(init_traj, dof_inds)
        init_traj += robot.GetDOFValues(dof_inds) - init_traj[0,:]

    request = {
        "basic_info" : {
            "n_steps" : n_steps,
            "manip" : manip_name,
            "start_fixed" : start_fixed
        },
        "costs" : [
        {
            "type" : "joint_vel",
            "params": {"coeffs" : [gamma/(n_steps-1)]}
        },            
        ],
        "constraints" : [
        ],
        "init_info" : {
            "type":"given_traj",
            "data":[x.tolist() for x in init_traj]
        }
    }
    
    if use_collision_cost:
        request["costs"].append(
            {
                "type" : "collision",
                "params" : {
                  "continuous" : True,
                  "coeffs" : [1000],  # penalty coefficients. list of length one is automatically expanded to a list of length n_timesteps
                  "dist_pen" : [0.025]  # robot-obstacle distance that penalty kicks in. expands to length n_timesteps
                }
            })
    
    if joint_vel_limits is not None:
        request["constraints"].append(
             {
                "type" : "joint_vel_limits",
                "params": {"vals" : joint_vel_limits,
                           "first_step" : 0,
                           "last_step" : n_steps-1
                           }
              })

    for (flr2finger_link_name, flr2finger_pts_traj) in zip(flr2finger_link_names, flr2finger_pts_trajs):
        for finger_lr, finger_link_name in flr2finger_link_name.items():
            finger_rel_pts = flr2finger_rel_pts[finger_lr]
            finger_pts_traj = flr2finger_pts_traj[finger_lr]
            for (i_step, finger_pts) in enumerate(finger_pts_traj):
                if start_fixed and i_step == 0:
                    continue
                request["costs"].append(
                    {"type":"rel_pts",
                     "params":{
                        "xyzs":finger_pts.tolist(),
                        "rel_xyzs":finger_rel_pts.tolist(),
                        "link":finger_link_name,
                        "timestep":i_step,
                        "pos_coeffs":[np.sqrt(beta_pos/n_steps)]*4, # there is a coefficient for each of the 4 points
                     }
                    })

    s = json.dumps(request)
    with openravepy.RobotStateSaver(robot):
        with util.suppress_stdout():
            prob = trajoptpy.ConstructProblem(s, robot.GetEnv()) # create object that stores optimization problem
            result = trajoptpy.OptimizeProblem(prob) # do optimization

    traj = result.GetTraj() 


    rel_pts_costs = np.sum([cost_val for (cost_type, cost_val) in result.GetCosts() if cost_type == "rel_pts"])
    rel_pts_err = []
    with openravepy.RobotStateSaver(robot):
        for (flr2finger_link_name, flr2finger_pts_traj) in zip(flr2finger_link_names, flr2finger_pts_trajs):
            for finger_lr, finger_link_name in flr2finger_link_name.items():
                finger_link = robot.GetLink(finger_link_name)
                finger_rel_pts = flr2finger_rel_pts[finger_lr]
                finger_pts_traj = flr2finger_pts_traj[finger_lr]
                for (i_step, finger_pts) in enumerate(finger_pts_traj):
                    if start_fixed and i_step == 0:
                        continue
                    robot.SetDOFValues(traj[i_step], dof_inds)
                    new_hmat = finger_link.GetTransform()
                    rel_pts_err.append(finger_pts - (new_hmat[:3,3][None,:] + finger_rel_pts.dot(new_hmat[:3,:3].T)))
    rel_pts_err = np.concatenate(rel_pts_err, axis=0)
    rel_pts_costs2 = (beta_pos/n_steps) * np.square(rel_pts_err).sum() # TODO don't square n_steps

    joint_vel_cost = np.sum([cost_val for (cost_type, cost_val) in result.GetCosts() if cost_type == "joint_vel"])
    joint_vel_err = np.diff(traj, axis=0)
    joint_vel_cost2 = (gamma/(n_steps-1)) * np.square(joint_vel_err).sum()
    sim_util.unwrap_in_place(traj, dof_inds)
    joint_vel_err = np.diff(traj, axis=0)

    collision_costs = [cost_val for (cost_type, cost_val) in result.GetCosts() if "collision" in cost_type]
    if len(collision_costs) > 0:
        collision_err = np.asarray(collision_costs)
        collision_costs = np.sum(collision_costs)

    obj_value = np.sum([cost_val for (cost_type, cost_val) in result.GetCosts()])
    
    print "{:>15} | {:>10} | {:>10}".format("", "trajopt", "computed")
    print "{:>15} | {:>10}".format("COSTS", "-"*23)
    print "{:>15} | {:>10,.4} | {:>10,.4}".format("joint_vel", joint_vel_cost, joint_vel_cost2)
    if np.isscalar(collision_costs):
        print "{:>15} | {:>10,.4} | {:>10}".format("collision(s)", collision_costs, "-")
    print "{:>15} | {:>10,.4} | {:>10,.4}".format("rel_pts(s)", rel_pts_costs, rel_pts_costs2)
    print "{:>15} | {:>10,.4} | {:>10}".format("total_obj", obj_value, "-")
    print ""

    print "{:>15} | {:>10} | {:>10}".format("", "abs min", "abs max")
    print "{:>15} | {:>10}".format("ERRORS", "-"*23)
    print "{:>15} | {:>10,.4} | {:>10,.4}".format("joint_vel (deg)", np.rad2deg(np.abs(joint_vel_err).min()), np.rad2deg(np.abs(joint_vel_err).max()))
    if np.isscalar(collision_costs):
        print "{:>15} | {:>10,.4} | {:>10,.4}".format("collision(s)", np.abs(-collision_err).min(), np.abs(-collision_err).max())
    print "{:>15} | {:>10,.4} | {:>10,.4}".format("rel_pts(s)", np.abs(rel_pts_err).min(), np.abs(rel_pts_err).max())
    print ""

    # make sure this function doesn't change state of the robot
    assert not np.any(orig_dof_inds - robot.GetActiveDOFIndices())
    assert not np.any(orig_dof_vals - robot.GetDOFValues())
    
    obj_value = np.sum([cost_val for (cost_type, cost_val) in result.GetCosts()])
    return traj, obj_value, rel_pts_costs


[docs]def joint_fit_tps_follow_finger_pts_traj(robot, manip_name, flr2finger_link, flr2finger_rel_pts, flr2finger_pts_traj, old_traj, 
                                              f, closing_pts=None, 
                                              no_collision_cost_first=False, use_collision_cost=True, start_fixed=False, joint_vel_limits=None, 
                                              alpha=settings.ALPHA, beta_pos=settings.BETA_POS, gamma=settings.GAMMA):
    return joint_fit_tps_follow_finger_pts_trajs(robot, manip_name, [flr2finger_link.GetName()], flr2finger_rel_pts, [flr2finger_pts_traj], old_traj, 
                                                 f, closing_pts=closing_pts, 
                                                 no_collision_cost_first=no_collision_cost_first, use_collision_cost=use_collision_cost, start_fixed=start_fixed, joint_vel_limits=joint_vel_limits,
                                                 alpha=alpha, beta_pos=beta_pos, gamma=gamma)


[docs]def joint_fit_tps_follow_finger_pts_trajs(robot, manip_name, flr2finger_link_names, flr2finger_rel_pts, flr2old_finger_pts_trajs, old_traj, 
                                         f, closing_pts=None,
                                         no_collision_cost_first=False, use_collision_cost=True, start_fixed=False, joint_vel_limits=None,
                                          alpha=settings.ALPHA, beta_pos=settings.BETA_POS, gamma=settings.GAMMA):
    orig_dof_inds = robot.GetActiveDOFIndices()
    orig_dof_vals = robot.GetDOFValues()
    
    n_steps = old_traj.shape[0]
    dof_inds = sim_util.dof_inds_from_name(robot, manip_name)
    assert old_traj.shape[1] == len(dof_inds)
    for flr2old_finger_pts_traj in flr2old_finger_pts_trajs:
        for old_finger_pts_traj in flr2old_finger_pts_traj.values():
            assert len(old_finger_pts_traj)== n_steps
    assert len(flr2finger_link_names) == len(flr2old_finger_pts_trajs)
    
    # expand these
    (n,d) = f.x_na.shape
    bend_coefs = np.ones(d) * f.bend_coef if np.isscalar(f.bend_coef) else f.bend_coef
    rot_coefs = np.ones(d) * f.rot_coef if np.isscalar(f.rot_coef) else f.rot_coef
    if f.wt_n is None:
        wt_n = np.ones(n)
    else:
        wt_n = f.wt_n
    if wt_n.ndim == 1:
        wt_n = wt_n[:,None]
    if wt_n.shape[1] == 1:
        wt_n = np.tile(wt_n, (1,d))
    
    if no_collision_cost_first:
        init_traj, _, (N, init_z) , _, _ = joint_fit_tps_follow_finger_pts_trajs(robot, manip_name, flr2finger_link_names, flr2finger_rel_pts, flr2old_finger_pts_trajs, old_traj, 
                                                                                 f, closing_pts=closing_pts, 
                                                                                 no_collision_cost_first=False, use_collision_cost=False, start_fixed=start_fixed, joint_vel_limits=joint_vel_limits, 
                                                                                 alpha=alpha, beta_pos=beta_pos, gamma=gamma)
    else:
        init_traj = old_traj.copy()
        N = f.N
        init_z = f.z
    
    if start_fixed:
        init_traj = np.r_[robot.GetDOFValues(dof_inds)[None,:], init_traj[1:]]
        sim_util.unwrap_in_place(init_traj, dof_inds)
        init_traj += robot.GetDOFValues(dof_inds) - init_traj[0,:]

    request = {
        "basic_info" : {
            "n_steps" : n_steps,
            "m_ext" : n, 
            "n_ext" : d,
            "manip" : manip_name,
            "start_fixed" : start_fixed
        },
        "costs" : [
        {
            "type" : "joint_vel",
            "params": {"coeffs" : [gamma/(n_steps-1)]}
        },
        {
            "type" : "tps",
            "name" : "tps",
            "params" : {"x_na" : [row.tolist() for row in f.x_na],
                        "y_ng" : [row.tolist() for row in f.y_ng],
                        "bend_coefs" : bend_coefs.tolist(),
                        "rot_coefs" : rot_coefs.tolist(),
                        "wt_n" : [row.tolist() for row in wt_n],
                        "N" : [row.tolist() for row in N],
                        "alpha" : alpha,
            }
        }
        ],
        "constraints" : [
        ],
        "init_info" : {
            "type":"given_traj",
            "data":[x.tolist() for x in init_traj],
            "data_ext":[row.tolist() for row in init_z]
        }
    }
    
    if use_collision_cost:
        request["costs"].append(
            {
                "type" : "collision",
                "params" : {
                  "continuous" : True,
                  "coeffs" : [1000],  # penalty coefficients. list of length one is automatically expanded to a list of length n_timesteps
                  "dist_pen" : [0.025]  # robot-obstacle distance that penalty kicks in. expands to length n_timesteps
                }
            })
    
    if joint_vel_limits is not None:
        request["constraints"].append(
             {
                "type" : "joint_vel_limits",
                "params": {"vals" : joint_vel_limits,
                           "first_step" : 0,
                           "last_step" : n_steps-1
                           }
              })

    if closing_pts is not None:
        request["costs"].append(
            {
                "type":"tps_jac_orth",
                "params":  {
                            "tps_cost_name":"tps",
                            "pts":closing_pts.tolist(),
                            "coeffs":[10.0]*len(closing_pts),
                            }
            })
    
    for (flr2finger_link_name, flr2old_finger_pts_traj) in zip(flr2finger_link_names, flr2old_finger_pts_trajs):
        for finger_lr, finger_link_name in flr2finger_link_name.items():
            finger_rel_pts = flr2finger_rel_pts[finger_lr]
            old_finger_pts_traj = flr2old_finger_pts_traj[finger_lr]
            for (i_step, old_finger_pts) in enumerate(old_finger_pts_traj):
                if start_fixed and i_step == 0:
                    continue
                request["costs"].append(
                    {"type":"tps_rel_pts",
                     "params":{
                        "tps_cost_name":"tps",
                        "src_xyzs":old_finger_pts.tolist(),
                        "rel_xyzs":finger_rel_pts.tolist(),
                        "link":finger_link_name,
                        "timestep":i_step,
                        "pos_coeffs":[np.sqrt(beta_pos/n_steps)]*4,
                     }
                    })

    s = json.dumps(request)
    with openravepy.RobotStateSaver(robot):
        with util.suppress_stdout():
            prob = trajoptpy.ConstructProblem(s, robot.GetEnv()) # create object that stores optimization problem
            result = trajoptpy.OptimizeProblem(prob) # do optimization
    
    traj = result.GetTraj()
    f.z = result.GetExt()
    theta = N.dot(f.z)
    f.trans_g = theta[0,:]
    f.lin_ag = theta[1:d+1,:]
    f.w_ng = theta[d+1:]
    
    tps_rel_pts_costs = np.sum([cost_val for (cost_type, cost_val) in result.GetCosts() if cost_type == "tps_rel_pts"])
    tps_rel_pts_err = []
    with openravepy.RobotStateSaver(robot):
        for (flr2finger_link_name, flr2old_finger_pts_traj) in zip(flr2finger_link_names, flr2old_finger_pts_trajs):
            for finger_lr, finger_link_name in flr2finger_link_name.items():
                finger_link = robot.GetLink(finger_link_name)
                finger_rel_pts = flr2finger_rel_pts[finger_lr]
                old_finger_pts_traj = flr2old_finger_pts_traj[finger_lr]
                for (i_step, old_finger_pts) in enumerate(old_finger_pts_traj):
                    if start_fixed and i_step == 0:
                        continue
                    robot.SetDOFValues(traj[i_step], dof_inds)
                    new_hmat = finger_link.GetTransform()
                    tps_rel_pts_err.append(f.transform_points(old_finger_pts) - (new_hmat[:3,3][None,:] + finger_rel_pts.dot(new_hmat[:3,:3].T)))
    tps_rel_pts_err = np.concatenate(tps_rel_pts_err, axis=0)
    tps_rel_pts_costs2 = (beta_pos/n_steps) * np.square(tps_rel_pts_err).sum() # TODO don't square n_steps

    tps_cost = np.sum([cost_val for (cost_type, cost_val) in result.GetCosts() if cost_type == "tps"])
    tps_cost2 = alpha * f.get_objective().sum()
    matching_err = f.transform_points(f.x_na) - f.y_ng
    
    joint_vel_cost = np.sum([cost_val for (cost_type, cost_val) in result.GetCosts() if cost_type == "joint_vel"])
    joint_vel_err = np.diff(traj, axis=0)
    joint_vel_cost2 = (gamma/(n_steps-1)) * np.square(joint_vel_err).sum()
    sim_util.unwrap_in_place(traj, dof_inds)
    joint_vel_err = np.diff(traj, axis=0)

    collision_costs = [cost_val for (cost_type, cost_val) in result.GetCosts() if "collision" in cost_type]
    if len(collision_costs) > 0:
        collision_err = np.asarray(collision_costs)
        collision_costs = np.sum(collision_costs)

    tps_jac_orth_cost = [cost_val for (cost_type, cost_val) in result.GetCosts() if "tps_jac_orth" in cost_type]
    if len(tps_jac_orth_cost) > 0:
        tps_jac_orth_cost = np.sum(tps_jac_orth_cost)
        f_jacs = f.compute_jacobian(closing_pts)
        tps_jac_orth_err = []
        for jac in f_jacs:
            tps_jac_orth_err.extend((jac.dot(jac.T) - np.eye(3)).flatten())
        tps_jac_orth_err = np.asarray(tps_jac_orth_err)
        tps_jac_orth_cost2 = np.square( 10.0 * tps_jac_orth_err ).sum()

    obj_value = np.sum([cost_val for (cost_type, cost_val) in result.GetCosts()])
    
    print "{:>15} | {:>10} | {:>10}".format("", "trajopt", "computed")
    print "{:>15} | {:>10}".format("COSTS", "-"*23)
    print "{:>15} | {:>10,.4} | {:>10,.4}".format("joint_vel", joint_vel_cost, joint_vel_cost2)
    print "{:>15} | {:>10,.4} | {:>10,.4}".format("tps", tps_cost, tps_cost2)
    if np.isscalar(collision_costs):
        print "{:>15} | {:>10,.4} | {:>10}".format("collision(s)", collision_costs, "-")
    print "{:>15} | {:>10,.4} | {:>10,.4}".format("tps_rel_pts(s)", tps_rel_pts_costs, tps_rel_pts_costs2)
    if np.isscalar(tps_jac_orth_cost):
        print "{:>15} | {:>10,.4} | {:>10,.4}".format("tps_jac_orth", tps_jac_orth_cost, tps_jac_orth_cost2)
    print "{:>15} | {:>10,.4} | {:>10}".format("total_obj", obj_value, "-")
    print ""

    print "{:>15} | {:>10} | {:>10}".format("", "abs min", "abs max")
    print "{:>15} | {:>10}".format("ERRORS", "-"*23)
    print "{:>15} | {:>10,.4} | {:>10,.4}".format("joint_vel (deg)", np.rad2deg(np.abs(joint_vel_err).min()), np.rad2deg(np.abs(joint_vel_err).max()))
    print "{:>15} | {:>10,.4} | {:>10,.4}".format("tps (matching)", np.abs(matching_err).min(), np.abs(matching_err).max())
    if np.isscalar(collision_costs):
        print "{:>15} | {:>10,.4} | {:>10,.4}".format("collision(s)", np.abs(-collision_err).min(), np.abs(-collision_err).max())
    print "{:>15} | {:>10,.4} | {:>10,.4}".format("tps_rel_pts(s)", np.abs(tps_rel_pts_err).min(), np.abs(tps_rel_pts_err).max())
    if np.isscalar(tps_jac_orth_cost):
        print "{:>15} | {:>10,.4} | {:>10,.4}".format("tps_jac_orth", np.abs(tps_jac_orth_err).min(), np.abs(tps_jac_orth_err).max())
    print ""

    # make sure this function doesn't change state of the robot
    assert not np.any(orig_dof_inds - robot.GetActiveDOFIndices())
    assert not np.any(orig_dof_vals - robot.GetDOFValues())
    
    return traj, obj_value, tps_rel_pts_costs, tps_cost
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  Source code for lfd.environment.environment

from __future__ import division

import numpy as np
from lfd.rapprentice import eval_util
from lfd.demonstration import demonstration
from lfd.environment import simulation_object

[docs]class LfdEnvironment(object):
    def __init__(self, world, sim, downsample_size=0):
        """Inits LfdEnvironment

        Args:
            world: RobotWorld
            sim: StaticSimulation that contains a robot
            downsample_size: if downsample_size is positive, the clouds are downsampled to a voxel size of downsample_size, else they are not downsampled
        """
        self.world = world
        self.sim = sim
        self.downsample_size = downsample_size
    
[docs]    def execute_augmented_trajectory(self, aug_traj, step_viewer=1, interactive=False, sim_callback=None, check_feasible=False):
        open_or_close_finger_traj = np.zeros(aug_traj.n_steps, dtype=bool)
        if aug_traj.lr2open_finger_traj is not None:
            for lr in aug_traj.lr2open_finger_traj.keys():
                open_or_close_finger_traj = np.logical_or(open_or_close_finger_traj, aug_traj.lr2open_finger_traj[lr])
        if aug_traj.lr2close_finger_traj is not None:
            for lr in aug_traj.lr2close_finger_traj.keys():
                open_or_close_finger_traj = np.logical_or(open_or_close_finger_traj, aug_traj.lr2close_finger_traj[lr])
        open_or_close_inds = np.where(open_or_close_finger_traj)[0]

        traj, dof_inds = aug_traj.get_full_traj(self.sim.robot)
        feasible = True
        # TODO: feal with misgrap boolean somewhere else
#         misgraspl = False
#         misgraspr = False
        lr2gripper_open = {'l':True, 'r':True}
        for (start_ind, end_ind) in zip(np.r_[0, open_or_close_inds], np.r_[open_or_close_inds+1, aug_traj.n_steps]):
            if aug_traj.lr2open_finger_traj is not None:
                for lr in aug_traj.lr2open_finger_traj.keys():
                    if aug_traj.lr2open_finger_traj[lr][start_ind]:
                        target_val = None
                        joint_ind = self.sim.robot.GetJoint("%s_gripper_l_finger_joint"%lr).GetDOFIndex()
                        if joint_ind in dof_inds:
                            target_val = traj[start_ind, dof_inds.index(joint_ind)]
                        self.world.open_gripper(lr, target_val=target_val, step_viewer=step_viewer)
                        lr2gripper_open[lr] = True
            if aug_traj.lr2close_finger_traj is not None:
                for lr in aug_traj.lr2close_finger_traj.keys():
                    if aug_traj.lr2close_finger_traj[lr][start_ind]:
#                         n_cnts = len(self.sim.constraints[lr])
                        self.world.close_gripper(lr, step_viewer=step_viewer)
#                         if len(self.sim.constraints[lr]) == n_cnts and lr == 'l':
#                             misgraspl = True
#                         elif lr == 'l':
#                             misgraspl = False
#                         elif len(self.sim.constraints[lr]) == n_cnts and lr=='r':
#                             misgraspr = True
#                         else:
#                             misgraspr = False
                        #misgrasp |= len(self.sim.constraints[lr]) == n_cnts
                        lr2gripper_open[lr] = False
#             misgrasp = misgraspl or misgraspr
            # don't execute trajectory for finger joint if the corresponding gripper is closed
            active_inds = np.ones(len(dof_inds), dtype=bool)
            for lr in 'lr':
                if not lr2gripper_open[lr]:
                    joint_ind = self.sim.robot.GetJoint("%s_gripper_l_finger_joint"%lr).GetDOFIndex()
                    if joint_ind in dof_inds:
                        active_inds[dof_inds.index(joint_ind)] = False
            miniseg_traj = traj[start_ind:end_ind, active_inds]
            miniseg_dof_inds = list(np.asarray(dof_inds)[active_inds])
            full_traj = (miniseg_traj, miniseg_dof_inds)
            feasible &= eval_util.traj_is_safe(self.sim, full_traj, 0)
            if check_feasible and not feasible:
                break
            self.world.execute_trajectory(full_traj, step_viewer=step_viewer, interactive=interactive, sim_callback=sim_callback)
        return feasible#, misgrasp
    

[docs]    def observe_scene(self):
        full_cloud = self.world.observe_cloud()
        return demonstration.SceneState(full_cloud, downsample_size=self.downsample_size)



[docs]class GroundTruthRopeLfdEnvironment(LfdEnvironment):
    def __init__(self, world, sim, upsample=0, upsample_rad=1, downsample_size=0):
        """Inits GroundTruthRopeLfdEnvironment
        
        Args:
            world: RobotWorld
            sim: DynamicSimulation that should containing exactly one rope when observe_scene is called
            downsample_size: if downsample_size is positive, the clouds are downsampled to a voxel size of downsample_size, else they are not downsampled
        """
        super(GroundTruthRopeLfdEnvironment, self).__init__(world, sim, downsample_size=downsample_size)

        self.upsample = upsample
        self.upsample_rad = upsample_rad

[docs]    def observe_scene(self):
        rope_sim_objs = [sim_obj for sim_obj in self.sim.sim_objs if isinstance(sim_obj, simulation_object.RopeSimulationObject)]
        assert len(rope_sim_objs) == 1
        rope_sim_obj = rope_sim_objs[0]
        return demonstration.GroundTruthRopeSceneState(rope_sim_obj.rope.GetControlPoints(), 
                                                       rope_sim_obj.rope_params.radius, 
                                                       upsample=self.upsample, 
                                                       upsample_rad=self.upsample_rad, 
                                                       downsample_size=self.downsample_size)
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  Source code for lfd.registration.tps

"""
Functions for fitting and applying thin plate spline transformations
"""
from __future__ import division

import settings
import numpy as np
import scipy.spatial.distance as ssd
import scipy.optimize as so
from transformation import Transformation
import lfd.registration
if lfd.registration._has_cuda:
    import pycuda.gpuarray as gpuarray
    import scikits.cuda.linalg as culinalg

[docs]def nan2zero(x):
    np.putmask(x, np.isnan(x), 0)
    return x


[docs]def tps_apply_kernel(distmat, dim):
    """
    if d=2: 
        k(r) = 4 * r^2 log(r)
       d=3:
        k(r) = -r
            
    import numpy as np, scipy.spatial.distance as ssd
    x = np.random.rand(100,2)
    d=ssd.squareform(ssd.pdist(x))
    print np.clip(np.linalg.eigvalsh( 4 * d**2 * log(d+1e-9) ),0,inf).mean()
    print np.clip(np.linalg.eigvalsh(-d),0,inf).mean()
    
    Note the actual coefficients (from http://www.geometrictools.com/Documentation/ThinPlateSplines.pdf)
    d=2: 1/(8*sqrt(pi)) = 0.070523697943469535
    d=3: gamma(-.5)/(16*pi**1.5) = -0.039284682964880184
    """

    if dim==2:       
        return 4 * distmat**2 * np.log(distmat+1e-20)
        
    elif dim ==3:
        return -distmat
    else:
        raise NotImplementedError
    
    

[docs]def tps_kernel_matrix(x_na):
    dim = x_na.shape[1]
    distmat = ssd.squareform(ssd.pdist(x_na))
    return tps_apply_kernel(distmat,dim)


[docs]def tps_kernel_matrix2(x_na, y_ma):
    dim = x_na.shape[1]
    distmat = ssd.cdist(x_na, y_ma)
    return tps_apply_kernel(distmat, dim)


[docs]def tps_eval(x_ma, lin_ag, trans_g, w_ng, x_na):
    K_mn = tps_kernel_matrix2(x_ma, x_na)
    return np.dot(K_mn, w_ng) + np.dot(x_ma, lin_ag) + trans_g[None,:]


[docs]def tps_grad(x_ma, lin_ag, _trans_g, w_ng, x_na):
    _N, D = x_na.shape
    M = x_ma.shape[0]

    assert x_ma.shape[1] == 3
    dist_mn = ssd.cdist(x_ma, x_na,'euclidean')

    grad_mga = np.empty((M,D,D))

    lin_ga = lin_ag.T
    for a in xrange(D):
        diffa_mn = x_ma[:,a][:,None] - x_na[:,a][None,:]
        grad_mga[:,:,a] = lin_ga[None,:,a] - np.dot(nan2zero(diffa_mn/dist_mn),w_ng)
    return grad_mga


[docs]def solve_eqp1(H, f, A, N=None, ret_factorization=False):
    """solve equality-constrained qp
    min .5 tr(x'Hx) + tr(f'x)
    s.t. Ax = 0
    """    
    n_vars = H.shape[0]
    assert H.shape[1] == n_vars
    assert f.shape[0] == n_vars
    assert A.shape[1] == n_vars
    n_cnts = A.shape[0]
    
    # columns of N span the null space
    if N is None:
        _u,_s,_vh = np.linalg.svd(A.T)
        N = _u[:,n_cnts:]
    else:
        assert np.allclose(A.dot(N), np.zeros((n_cnts, N.shape[1])))
    
    # x = Nz
    # then problem becomes unconstrained minimization .5 z'N'HNz + z'N'f
    # N'HNz + N'f = 0
    L = N.T.dot(H.dot(N))
    R = -N.T.dot(f)
    z = np.linalg.solve(L, R)
    x = N.dot(z)
    
    if ret_factorization:
        return x, (N, z)
    return x


[docs]def tps_fit3(x_na, y_ng, bend_coef, rot_coef, wt_n, ret_factorization=False):
    if wt_n is None: wt_n = np.ones(len(x_na))
    n,d = x_na.shape
    
    K_nn = tps_kernel_matrix(x_na)
    Q = np.c_[np.ones((n,1)), x_na, K_nn]
    rot_coefs = np.ones(d) * rot_coef if np.isscalar(rot_coef) else rot_coef
    A = np.r_[np.zeros((d+1,d+1)), np.c_[np.ones((n,1)), x_na]].T
    _u,_s,_vh = np.linalg.svd(A[:, d+1:].T)
    N = np.eye(n+d+1, n)
    N[d+1:, d+1:] = _u[:, d+1:]
    
    solve_dim_separately = not np.isscalar(bend_coef) or (wt_n.ndim > 1 and wt_n.shape[1] > 1)
    
    if not solve_dim_separately:
        WQ = wt_n[:,None] * Q
        QWQ = Q.T.dot(WQ)
        H = QWQ
        H[d+1:,d+1:] += bend_coef * K_nn
        H[1:d+1, 1:d+1] += np.diag(rot_coefs)
        
        f = -WQ.T.dot(y_ng)
        f[1:d+1,0:d] -= np.diag(rot_coefs)
        
        if ret_factorization:
            theta, (_, z) = solve_eqp1(H, f, A, N=N, ret_factorization=True)
        else:
            theta = solve_eqp1(H, f, A, N=N)
    else:
        bend_coefs = np.ones(d) * bend_coef if np.isscalar(bend_coef) else bend_coef
        if wt_n.ndim == 1:
            wt_n = wt_n[:,None]
        if wt_n.shape[1] == 1:
            wt_n = np.tile(wt_n, (1,d))
        theta = np.empty((1+d+n,d))
        z = np.empty((n,d))
        for i in range(d):
            WQ = wt_n[:,i][:,None] * Q
            QWQ = Q.T.dot(WQ)
            H = QWQ
            H[d+1:,d+1:] += bend_coefs[i] * K_nn
            H[1:d+1, 1:d+1] += np.diag(rot_coefs)
             
            f = -WQ.T.dot(y_ng[:,i])
            f[1+i] -= rot_coefs[i]
            
            if ret_factorization:
                theta[:,i], (_, z[:,i]) = solve_eqp1(H, f, A, N=N, ret_factorization=True)
            else:
                theta[:,i] = solve_eqp1(H, f, A, N=N)
    
    if ret_factorization:
        return theta, (N, z)
    return theta


[docs]class ThinPlateSpline(Transformation):
    """
    Attributes:
        x_na: centers of basis functions
        w_ng: weights of basis functions
        lin_ag: transpose of linear part, so you take x_na.dot(lin_ag)
        trans_g: translation part
    """
    def __init__(self, d=3):
        "initialize as identity"
        self.x_na = np.zeros((0,d))
        self.lin_ag = np.eye(d)
        self.trans_g = np.zeros(d)
        self.w_ng = np.zeros((0,d))
        self.N = None
        self.z = None
        
        self.y_ng = np.zeros((0,d))
        self.bend_coef = 0
        self.rot_coef = 0
        self.wt_n = np.zeros(0)
    
    @staticmethod
[docs]    def create_from_optimization(x_na, y_ng, bend_coef, rot_coef, wt_n):
        r"""Solves the optimization problem
            
        .. math::
            :nowrap:
    
            \begin{align*}
                & \min_{f} 
                    & \sum_{i=1}^n w_i ||y_i - f(x_i)||_2^2
                    + \lambda Tr(A^\top K A)
                    + Tr((B - I) R (B - I)) \\
                & \text{subject to} 
                    &  X^\top A = 0 \\
                    && 1^\top A = 0 \\
            \end{align*}
        
        Args:
            x_na: source cloud, :math:`X`
            y_ng: target cloud, :math:`Y`
            bend_coef: smoothing, penalize non-affine part, :math:`\lambda`
            rot_coef: angular_spring, penalize rotation, :math:`\text{diag}(R)`
            wt_n: weight the points, :math:`w`
        
        Returns:
            A ThinPlateSpline f
        """
        f = ThinPlateSpline()
        theta, (N, z) = tps_fit3(x_na, y_ng, bend_coef, rot_coef, wt_n, ret_factorization=True)
        f.update(x_na, y_ng, bend_coef, rot_coef, wt_n, theta, N=N, z=z)
        return f


[docs]    def update(self, x_na, y_ng, bend_coef, rot_coef, wt_n, theta, N=None, z=None):
        d = x_na.shape[1]
        self.trans_g = theta[0]
        self.lin_ag = theta[1:d+1]
        self.w_ng = theta[d+1:]
        self.N = N
        self.z = z
        self.x_na = x_na
        self.y_ng = y_ng
        self.bend_coef = bend_coef
        self.rot_coef = rot_coef
        self.wt_n = wt_n
    

[docs]    def transform_points(self, x_ma):
        y_ng = tps_eval(x_ma, self.lin_ag, self.trans_g, self.w_ng, self.x_na)
        return y_ng


[docs]    def compute_jacobian(self, x_ma):
        grad_mga = tps_grad(x_ma, self.lin_ag, self.trans_g, self.w_ng, self.x_na)
        return grad_mga
    

[docs]    def get_objective(self):
        r"""Returns the following 3 objectives:
        
            - :math:`\sum_{i=1}^n w_i ||y_i - f(x_i)||_2^2`
            - :math:`\lambda Tr(A^\top K A)`
            - :math:`Tr((B - I) R (B - I))`
        
        Note:
            Implementation covers general case where there is a wt_n and bend_coef per dimension
        """
        # expand these
        _, a = self.x_na.shape
        bend_coefs = np.ones(a) * self.bend_coef if np.isscalar(self.bend_coef) else self.bend_coef
        rot_coefs = np.ones(a) * self.rot_coef if np.isscalar(self.rot_coef) else self.rot_coef
        wt_n = self.wt_n
        if wt_n.ndim == 1:
            wt_n = wt_n[:,None]
        if wt_n.shape[1] == 1:
            wt_n = np.tile(wt_n, (1,a))
        
        K_nn = tps_kernel_matrix(self.x_na)
        cost = np.zeros(3)
        
        # matching cost
        cost[0] = np.sum(np.square(self.transform_points(self.x_na) - self.y_ng) * wt_n)
        
        # bending cost
        cost[1] = np.trace(np.diag(bend_coefs).dot(self.w_ng.T.dot(K_nn.dot(self.w_ng))))
        
        # rotation cost
        cost[2] = np.trace((self.lin_ag - np.eye(a)).T.dot(np.diag(rot_coefs).dot((self.lin_ag - np.eye(a)))))
        return cost



[docs]def prepare_fit_ThinPlateSpline(x_nd, y_md, corr_nm, fwd=True):
    """
    Takes into account outlier source points and normalization of points
    """
    if (fwd):
        wt_n = corr_nm.sum(axis=1)
        if np.any(wt_n == 0):
            inlier = wt_n != 0
            xtarg_nd = np.zeros_like(x_nd)
            xtarg_nd[inlier,:] = (corr_nm[inlier,:]/wt_n[inlier,None]).dot(y_md)
        else:
            xtarg_nd = (corr_nm/wt_n[:,None]).dot(y_md)
        wt_n /= len(x_nd) # normalize by number of points
        return xtarg_nd, wt_n
    else:
        wt_m = corr_nm.sum(axis=0)
        if np.any(wt_m == 0):
            inlier = wt_m != 0
            ytarg_md = np.zeros_like(y_md)
            ytarg_md[inlier,:] = (corr_nm[inlier,:]/wt_m[None,inlier]).T.dot(x_nd)
        else:
            ytarg_md = (corr_nm/wt_m[None,:]).T.dot(x_nd)
        wt_m /= len(y_md) # normalize by number of points
        return ytarg_md, wt_m


[docs]def tps_rpm(x_nd, y_md, f_solver_factory=None, 
            n_iter=settings.N_ITER, em_iter=settings.EM_ITER, 
            reg_init=settings.REG[0], reg_final=settings.REG[1], 
            rad_init=settings.RAD[0], rad_final=settings.RAD[1], 
            rot_reg=settings.ROT_REG, 
            outlierprior=settings.OUTLIER_PRIOR, outlierfrac=settings.OUTLIER_FRAC, 
            prior_prob_nm=None, callback=None, args=()):
    _, d = x_nd.shape
    regs = loglinspace(reg_init, reg_final, n_iter)
    rads = loglinspace(rad_init, rad_final, n_iter)
    
    f = ThinPlateSpline(d)
    scale = (np.max(y_md,axis=0) - np.min(y_md,axis=0)) / (np.max(x_nd,axis=0) - np.min(x_nd,axis=0))
    f.lin_ag = np.diag(scale) # align the mins and max
    f.trans_g = np.median(y_md,axis=0) - np.median(x_nd,axis=0) * scale  # align the medians
    
    # set up outlier priors for source and target scenes
    n, _ = x_nd.shape
    m, _ = y_md.shape
    x_priors = np.ones(n)*outlierprior
    y_priors = np.ones(m)*outlierprior
    
    # set up custom solver if solver factory is specified
    if f_solver_factory is None:
        fsolve = None
    else:
        fsolve = f_solver_factory.get_solver(x_nd, rot_reg)
    
    for i, (reg, rad) in enumerate(zip(regs, rads)):
        for i_em in range(em_iter):
            xwarped_nd = f.transform_points(x_nd)

            dist_nm = ssd.cdist(xwarped_nd, y_md, 'sqeuclidean')
            prob_nm = np.exp( -dist_nm / (2*rad) )
            if prior_prob_nm != None:
                prob_nm *= prior_prob_nm
            
            corr_nm, _, _ =  balance_matrix3(prob_nm, 10, x_priors, y_priors, outlierfrac)
            
            xtarg_nd, wt_n = prepare_fit_ThinPlateSpline(x_nd, y_md, corr_nm)
            if fsolve is None:
                f = ThinPlateSpline.create_from_optimization(x_nd, xtarg_nd, reg, rot_reg, wt_n)
            else:
                fsolve.solve(wt_n, xtarg_nd, reg, f)
            
            if callback:
                callback(i, i_em, x_nd, y_md, xtarg_nd, wt_n, f, corr_nm, rad, *args)
        
    return f, corr_nm


[docs]def tps_rpm_bij(x_nd, y_md, f_solver_factory=None, g_solver_factory=None, 
                n_iter=settings.N_ITER, em_iter=settings.EM_ITER, 
                reg_init=settings.REG[0], reg_final=settings.REG[1], 
                rad_init=settings.RAD[0], rad_final=settings.RAD[1], 
                rot_reg=settings.ROT_REG, 
                outlierprior=settings.OUTLIER_PRIOR, outlierfrac=settings.OUTLIER_FRAC, 
                prior_prob_nm=None, callback=None, args=()):
    _, d = x_nd.shape
    regs = loglinspace(reg_init, reg_final, n_iter)
    rads = loglinspace(rad_init, rad_final, n_iter)

    f = ThinPlateSpline(d)
    scale = (np.max(y_md,axis=0) - np.min(y_md,axis=0)) / (np.max(x_nd,axis=0) - np.min(x_nd,axis=0))
    f.lin_ag = np.diag(scale) # align the mins and max
    f.trans_g = np.median(y_md,axis=0) - np.median(x_nd,axis=0) * scale  # align the medians
    g = ThinPlateSpline(d)
    g.lin_ag = np.diag(1./scale)
    g.trans_g = -np.diag(1./scale).dot(f.trans_g)

    # set up outlier priors for source and target scenes
    n, _ = x_nd.shape
    m, _ = y_md.shape
    x_priors = np.ones(n)*outlierprior
    y_priors = np.ones(m)*outlierprior
    
    # set up custom solver if solver factory is specified
    if f_solver_factory is None:
        fsolve = None
    else:
        fsolve = f_solver_factory.get_solver(x_nd, rot_reg)
    if g_solver_factory is None:
        gsolve = None
    else:
        gsolve = g_solver_factory.get_solver(y_md, rot_reg)
    
    for i, (reg, rad) in enumerate(zip(regs, rads)):
        for i_em in range(em_iter):
            xwarped_nd = f.transform_points(x_nd)
            ywarped_md = g.transform_points(y_md)
            
            fwddist_nm = ssd.cdist(xwarped_nd, y_md, 'sqeuclidean')
            invdist_nm = ssd.cdist(x_nd, ywarped_md, 'sqeuclidean')
            
            prob_nm = np.exp( -((1/n) * fwddist_nm + (1/m) * invdist_nm) / (2*rad * (1/n + 1/m)) )
            if prior_prob_nm != None:
                prob_nm *= prior_prob_nm
            
            corr_nm, _, _ =  balance_matrix3(prob_nm, 10, x_priors, y_priors, outlierfrac) # edit final value to change outlier percentage
            
            xtarg_nd, wt_n = prepare_fit_ThinPlateSpline(x_nd, y_md, corr_nm)
            ytarg_md, wt_m = prepare_fit_ThinPlateSpline(x_nd, y_md, corr_nm, fwd=False)
    
            if fsolve is None:
                f = ThinPlateSpline.create_from_optimization(x_nd, xtarg_nd, reg, rot_reg, wt_n)
            else:
                fsolve.solve(wt_n, xtarg_nd, reg, f)
            if gsolve is None:
                g = ThinPlateSpline.create_from_optimization(y_md, ytarg_md, reg, rot_reg, wt_m)
            else:
                gsolve.solve(wt_m, ytarg_md, reg, g)
            
            if callback:
                callback(i, i_em, x_nd, y_md, xtarg_nd, corr_nm, wt_n, f, g, corr_nm, rad, *args)
    
    return f, g, corr_nm


[docs]def gauss_transform(A, B, scale):
    m = A.shape[0]
    n = B.shape[0]
    dist = (A[:,None,:] - B[None,:,:])
    sqdist = np.square(dist).sum(2)
    cost = np.exp(-sqdist / (scale**2))
    f = np.sum(cost) / (m * n)
    g = -2. * (cost[:,:,None] * dist).sum(1) / (m * n * (scale**2))
    return f, g


[docs]def l2_distance(x_nd, y_md, rad):
    """
    Compute the L2 distance between the two Gaussian mixture densities constructed from a moving 'model' point set and a fixed 'scene' point set at a given 'scale'. The term that only involves the fixed 'scene' is excluded from the returned distance.  The gradient with respect to the 'model' is calculated and returned as well.
    """
    f1, g1 = gauss_transform(x_nd, x_nd, rad)
    f2, g2 = gauss_transform(x_nd, y_md, rad)
    f =  f1 - 2*f2
    g = 2*g1 - 2*g2
    return f,g


[docs]def l2_tps_obj(z, QN, NKN, NRN, NR, y_md, rad, reg, rot_reg):
    n = QN.shape[1]
    d = y_md.shape[1]
    z = z.reshape((n, d))
    xwarped_nd = QN.dot(z)
    distance, grad = l2_distance(xwarped_nd, y_md, rad)
    bending = np.trace(z.T.dot(NKN.dot(z)))
    rotation = np.trace(z.T.dot(NRN.dot(z))) - 2 * np.trace(z.T.dot(NR))
    energy = distance + reg * bending + rotation
    grad = QN.T.dot(grad)
    grad += 2 * reg * NKN.dot(z)
    grad += 2 * NRN.dot(z) - 2 * NR
    grad = grad.reshape(d*n)
    return energy, grad


[docs]def l2_tps(x_ld, y_md, ctrl_nd=None, 
            n_iter=settings.N_ITER, opt_iter=400, 
            reg_init=settings.REG[0], reg_final=settings.REG[1], 
            rad_init=settings.RAD[0], rad_final=settings.RAD[1], 
            rot_reg=settings.ROT_REG):
    if ctrl_nd is None:
        ctrl_nd = x_ld
    l, d = x_ld.shape
    n = ctrl_nd.shape[0]
    regs = loglinspace(reg_init, reg_final, n_iter)
    rads = loglinspace(rad_init, rad_final, n_iter)
    
    scale = (np.max(y_md,axis=0) - np.min(y_md,axis=0)) / (np.max(x_ld,axis=0) - np.min(x_ld,axis=0))
    lin_ag = np.diag(scale) # align the mins and max1
    trans_g = np.median(y_md,axis=0) - np.median(x_ld,axis=0) * scale  # align the medians
    
    z_nd = np.r_[trans_g[None,:], lin_ag, np.zeros((n-d-1,d))]
    z_nd = z_nd.reshape(n*d)
    K_nn = tps_kernel_matrix(ctrl_nd)
    K_ln = tps_kernel_matrix2(x_ld, ctrl_nd)
    Q = np.c_[np.ones((l,1)), x_ld, K_ln]
    A = np.r_[np.zeros((d+1,d+1)), np.c_[np.ones((n,1)), ctrl_nd]].T
    _u,_s,_vh = np.linalg.svd(A[:, d+1:].T)
    N = np.eye(n+d+1, n)
    N[d+1:, d+1:] = _u[:, d+1:]
    QN = Q.dot(N)
    NKN = N[d+1:,:].T.dot(K_nn).dot(N[d+1:,:])
    NR = N[1:1+d,:].T * rot_reg[:d]
    NRN = NR.dot(N[1:1+d,:])
    for reg, rad in zip(regs, rads):
        res = so.fmin_l_bfgs_b(l2_tps_obj, z_nd, None, args=(QN, NKN, NRN, NR, y_md, rad, reg, rot_reg), maxfun=opt_iter)
        z_nd = res[0]
    z_nd = z_nd.reshape((n, d))
    f = ThinPlateSpline(d)
    theta = N.dot(z_nd)
    f.update(ctrl_nd, None, reg, rot_reg, None, theta, N=N, z=z_nd)

    return f


[docs]def loglinspace(start, stop, num):
    """Return numbers spaced with a constant ratio.

    Returns `num` numbers in the interval [`start`, `stop`],
    with constant ratio between consecutive numbers.

    Args:
        start: The starting value of the sequence.
        stop: The end value of the sequence.
        num: Number of samples to generate.

    Note:
        Unlike np.linspace, a singleton sequence with `stop`
        is returned when `num` is 1.

    Example:

        >>> loglinspace(1.0, 100.0, 3)
        array([   1.,   10.,  100.])
        >>> loglinspace(10.0, 0.001, 5)
        array([  1.00000000e+01,   1.00000000e+00,   1.00000000e-01,
                 1.00000000e-02,   1.00000000e-03])
        >>> loglinspace(2, 4, 1)
        array([ 4.])
    """
    if num == 1:
        return np.array([stop]).astype(np.float64)
    else:
        return np.exp(np.linspace(np.log(start), np.log(stop), num))


[docs]def balance_matrix3_cpu(prob_nm, max_iter, row_priors, col_priors, outlierfrac, r_N = None):
    n,m = prob_nm.shape
    prob_NM = np.empty((n+1, m+1), 'f4')
    prob_NM[:n, :m] = prob_nm
    prob_NM[:n, m] = row_priors
    prob_NM[n, :m] = col_priors
    prob_NM[n, m] = np.sqrt(np.sum(row_priors)*np.sum(col_priors)) # this can `be weighted bigger weight = fewer outliers
    a_N = np.ones((n+1),'f4')
    a_N[n] = m*outlierfrac
    b_M = np.ones((m+1),'f4')
    b_M[m] = n*outlierfrac
    
    if r_N is None: r_N = np.ones(n+1,'f4')

    for _ in xrange(max_iter):
        c_M = b_M/r_N.dot(prob_NM)
        r_N = a_N/prob_NM.dot(c_M)

    prob_NM *= r_N[:,None]
    prob_NM *= c_M[None,:]
    
    return prob_NM[:n, :m].astype(np.float64), r_N, c_M


[docs]def balance_matrix3_gpu(prob_nm, max_iter, row_priors, col_priors, outlierfrac, r_N = None):
    if not lfd.registration._has_cuda:
        raise NotImplementedError("CUDA not installed")
    n,m = prob_nm.shape
    prob_NM = np.empty((n+1, m+1), 'f4')
    prob_NM[:n, :m] = prob_nm
    prob_NM[:n, m] = row_priors
    prob_NM[n, :m] = col_priors
    prob_NM[n, m] = np.sqrt(np.sum(row_priors)*np.sum(col_priors)) # this can `be weighted bigger weight = fewer outliers
    a_N = np.ones((n+1),'f4')
    a_N[n] = m*outlierfrac
    b_M = np.ones((m+1),'f4')
    b_M[m] = n*outlierfrac
    
    if r_N is None: r_N = np.ones((n+1,1),'f4')
    
    prob_NM_gpu = gpuarray.empty((n+1,m+1), dtype=np.float32)
    prob_MN_gpu = gpuarray.empty((m+1,n+1), dtype=np.float32)
    r_N_gpu = gpuarray.empty((n+1,1), dtype=np.float32)
    c_M_gpu = gpuarray.empty((m+1,1), dtype=np.float32)
    prob_NM_gpu.set_async(prob_NM)
    prob_MN_gpu.set_async(prob_NM.T.copy())
    r_N_gpu.set_async(r_N)
    
    for _ in xrange(max_iter):
        culinalg.dot(prob_NM_gpu, r_N_gpu, transa='T', out=c_M_gpu)
        c_M_gpu.set_async(b_M[:,None]/c_M_gpu.get())
        culinalg.dot(prob_MN_gpu, c_M_gpu, transa='T', out=r_N_gpu)
        r_N_gpu.set_async(a_N[:,None]/r_N_gpu.get())

    r_N = r_N_gpu.get()
    c_M = c_M_gpu.get()
    prob_NM *= r_N
    prob_NM *= c_M.T
    
    return prob_NM[:n, :m].astype(np.float64), r_N, c_M


[docs]def balance_matrix4(prob_nm, max_iter, p_n, p_m):
    """Like balance_matrix3 but doesn't normalize the p_m row and the p_n column
    
    Example:

        >>> from lfd.registration.tps import balance_matrix4
        >>> import numpy as np
        >>> n, m = (100, 150)
        >>> prob_nm = np.random.random((n,m))
        >>> p_n = 0.1 * np.random.random(n)
        >>> p_m = 0.1 * np.random.random(m)
        >>> prob_nm0 = balance_matrix4(prob_nm, 10, p_n, p_m)
        >>> prob_nm1 = prob_nm.copy()
        >>> for _ in xrange(10):
        ...     prob_nm1 = prob_nm1 / (prob_nm1.sum(axis=0) + p_m)[None, :]
        ...     prob_nm1 = prob_nm1 / (prob_nm1.sum(axis=1) + p_n)[:, None]
        ... 
        >>> np.allclose(prob_nm0, prob_nm1)
        True
    """
    n,m = prob_nm.shape
    p_n = p_n.astype('f4')
    p_m = p_m.astype('f4')
    a_n = np.ones(n,'f4')
    b_m = np.ones(m,'f4')
    
    r_n = np.ones(n,'f4')
    c_m = np.ones(m,'f4')
    prob_nm = prob_nm.astype('f4')
    for _ in xrange(max_iter):
        c_m = b_m/(r_n.dot(prob_nm) + p_m/c_m)
        r_n = a_n/(prob_nm.dot(c_m) + p_n/r_n)
    prob_nm *= r_n[:,None]
    prob_nm *= c_m[None,:]
    
    return prob_nm.astype(np.float64)


[docs]def balance_matrix3(*args, **kwargs):
    if lfd.registration._has_cuda:
        ret = balance_matrix3_gpu(*args, **kwargs)
    else:
        ret = balance_matrix3_cpu(*args, **kwargs)
    return ret
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  Source code for lfd.registration.registration

from __future__ import division

import numpy as np
import scipy.spatial.distance as ssd
import settings
import tps
import solver
import lfd.registration
from lfd.registration import tps_experimental
if lfd.registration._has_cuda:
    from lfd.tpsopt.batchtps import batch_tps_rpm_bij, GPUContext, TgtContext

#TODO: base registration should not have corr. Specific registration should contain all hyperparameters used in the optimization of the RegistrationFactory
[docs]class Registration(object):
    def __init__(self, demo, test_scene_state, f, corr):
        self.demo = demo
        self.test_scene_state = test_scene_state
        self.f = f
        self.corr = corr
    
[docs]    def get_objective(self):
        raise NotImplementedError




[docs]class TpsRpmRegistration(Registration):
    def __init__(self, demo, test_scene_state, f, corr, rad):
        super(TpsRpmRegistration, self).__init__(demo, test_scene_state, f, corr)
        self.rad = rad
    
[docs]    def get_objective(self):
        x_nd = self.demo.scene_state.cloud[:,:3]
        y_md = self.test_scene_state.cloud[:,:3]
        cost = self.get_objective2(x_nd, y_md, self.f, self.corr, self.rad)
        return cost
    

    @staticmethod
[docs]    def get_objective2(x_nd, y_md, f, corr_nm, rad):
        r"""Returns the following 5 objectives:
        
            - :math:`\frac{1}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} ||y_j - f(x_i)||_2^2`
            - :math:`\lambda Tr(A^\top K A)`
            - :math:`Tr((B - I) R (B - I))`
            - :math:`\frac{2T}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} \log m_{ij}`
            - :math:`-\frac{2T}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij}`
        """
        cost = np.zeros(5)
        xwarped_nd = f.transform_points(x_nd)
        dist_nm = ssd.cdist(xwarped_nd, y_md, 'sqeuclidean')
        n = len(x_nd)
        cost[0] = (corr_nm * dist_nm).sum() / n
        cost[1:3] = f.get_objective()[1:]
        corr_nm = np.reshape(corr_nm, (1,-1))
        nz_corr_nm = corr_nm[corr_nm != 0]
        cost[3] = (2*rad / n) * (nz_corr_nm * np.log(nz_corr_nm)).sum()
        cost[4] = -(2*rad / n) * nz_corr_nm.sum()
        return cost




[docs]class TpsRpmBijRegistration(Registration):
    def __init__(self, demo, test_scene_state, f, g, corr, rad):
        super(TpsRpmBijRegistration, self).__init__(demo, test_scene_state, f, corr)
        self.rad = rad
        self.g = g
    
[docs]    def get_objective(self):
        x_nd = self.demo.scene_state.cloud[:,:3]
        y_md = self.test_scene_state.cloud[:,:3]
        cost = self.get_objective2(x_nd, y_md, self.f, self.g, self.corr, self.rad)
        return cost
    

    @staticmethod
[docs]    def get_objective2(x_nd, y_md, f, g, corr_nm, rad):
        r"""Returns the following 10 objectives:
        
            - :math:`\frac{1}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} ||y_j - f(x_i)||_2^2`
            - :math:`\lambda Tr(A_f^\top K A_f)`
            - :math:`Tr((B_f - I) R (B_f - I))`
            - :math:`\frac{2T}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} \log m_{ij}`
            - :math:`-\frac{2T}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij}`
            - :math:`\frac{1}{m} \sum_{j=1}^m \sum_{i=1}^n m_{ij} ||x_i - g(y_j)||_2^2`
            - :math:`\lambda Tr(A_g^\top K A_g)`
            - :math:`Tr((B_g - I) R (B_g - I))`
            - :math:`\frac{2T}{m} \sum_{j=1}^m \sum_{i=1}^n m_{ij} \log m_{ij}`
            - :math:`-\frac{2T}{m} \sum_{j=1}^m \sum_{i=1}^n m_{ij}`
        """
        cost = np.r_[TpsRpmRegistration.get_objective2(x_nd, y_md, f, corr_nm, rad), 
                     TpsRpmRegistration.get_objective2(y_md, x_nd, g, corr_nm.T, rad)]
        return cost




[docs]class TpsL2Registration(Registration):
    pass #TODO



[docs]class TpsnRpmRegistration(Registration):
    def __init__(self, demo, test_scene_state, f, corr_lm, corr_rs, rad, radn, bend_coef, rot_coef):
        super(TpsnRpmRegistration, self).__init__(demo, test_scene_state, f, corr_lm)
        self.x_ld = demo.scene_state.cloud[:,:3]
        self.u_rd = demo.scene_state.normals
        self.z_rd = demo.scene_state.sites
        self.y_md = test_scene_state.cloud[:,:3]
        self.v_sd = test_scene_state.normals
        self.z_sd = test_scene_state.sites
        self.corr_lm = corr_lm
        self.corr_rs = corr_rs
        self.rad = rad
        self.radn = radn
        self.bend_coef = bend_coef
        self.rot_coef = rot_coef
    
[docs]    def get_objective(self):
        cost = self.get_objective2(self.x_ld, self.u_rd, self.z_rd, self.y_md, self.v_sd, self.z_sd, self.f, self.corr_lm, self.corr_rs, self.rad, self.radn, self.bend_coef, self.rot_coef)
        return cost


    @staticmethod
[docs]    def get_objective2(x_ld, u_rd, z_rd, y_md, v_sd, z_sd, f, corr_lm, corr_rs, rad, radn, bend_coef, rot_coef):
        r"""Returns the following 5 objectives:
        
            - :math:`\frac{1}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} ||y_j - f(x_i)||_2^2`
            - :math:`\lambda Tr(A^\top K A)`
            - :math:`Tr((B - I) R (B - I))`
            - :math:`\frac{2T}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} \log m_{ij}`
            - :math:`-\frac{2T}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij}`
        """
        cost = np.zeros(8)
        xwarped_ld = f.transform_points()
        uwarped_rd = f.transform_vectors()
        zwarped_rd = f.transform_points(z_rd)

        beta_r = np.linalg.norm(uwarped_rd, axis=1)

        dist_lm = ssd.cdist(xwarped_ld, y_md, 'sqeuclidean')
        dist_rs = ssd.cdist(uwarped_rd / beta_r[:,None], v_sd, 'sqeuclidean')
        site_dist_rs = ssd.cdist(zwarped_rd, z_sd, 'sqeuclidean')
        prior_prob_rs = np.exp( -site_dist_rs / (2*rad) )

        l = len(x_ld)
        r = len(u_rd)
        # point matching cost
        cost[0] = (corr_lm * dist_lm).sum() / l
        # normal matching cost
        cost[1] = (corr_rs * dist_rs).sum() / r

        # bending cost
        cost[2] = f.compute_bending_energy(bend_coef=bend_coef)

        # rotation cost
        cost[3] = f.compute_rotation_reg(rot_coef=rot_coef)

        # point entropy
        corr_lm = np.reshape(corr_lm, (1,-1))
        nz_corr_lm = corr_lm[corr_lm != 0]
        cost[4] = (2*rad / l) * (nz_corr_lm * np.log(nz_corr_lm)).sum()
        cost[5] = -(2*rad / l) * nz_corr_lm.sum()

        # normal entropy
        corr_rs = np.reshape(corr_rs, (1,-1))
        nz_corr_rs = corr_rs[corr_rs != 0]
        prior_prob_rs = np.reshape(prior_prob_rs, (1,-1))
        nz_prior_prob_rs = prior_prob_rs[corr_rs != 0]
        cost[6] = (2*radn / r) * (nz_corr_rs * np.log(nz_corr_rs / nz_prior_prob_rs)).sum()
        cost[7] = -(2*radn / r) * nz_corr_rs.sum()
        return cost




[docs]class RegistrationFactory(object):
    def __init__(self, demos=None):
        """Inits RegistrationFactory with demonstrations
        
        Args:
            demos: dict that maps from demonstration name to Demonstration. 
                This is used by batch_registration and batch_cost.
        """
        if demos is None:
            self.demos = {}
        else:
            self.demos = demos
        
[docs]    def register(self, demo, test_scene_state, callback=None, args=()):
        """Registers demonstration scene onto the test scene
        
        Args:
            demo: Demonstration which has the demonstration scene
            test_scene_state: SceneState of the test scene
            callback: callback function; the derived classes define the 
                arguments of the functoin
        
        Returns:
            A Registration
        """
        raise NotImplementedError


[docs]    def batch_register(self, test_scene_state, callback=None, args=()):
        """Registers every demonstration scene in demos onto the test scene
        
        Returns:
            A dict that maps from the demonstration names that are in demos 
            to the Registration
        
        Note:
            Derived classes might ignore the argument callback
        """
        registrations = {}
        for name, demo in self.demos.iteritems():
            registrations[name] = self.register(demo, test_scene_state, callback=callback)
        return registrations
    

[docs]    def cost(self, demo, test_scene_state):
        """Gets costs of registering the demonstration scene onto the 
        test scene
        
        Args:
            demo: Demonstration which has the demonstration scene
            test_scene_state: SceneState of the test scene
        
        Returns:
            A 1-dimensional numpy.array containing the partial costs used for 
            the registration; the sum of these is the objective used for the 
            registration. The exact definition of these partial costs is given 
            by the derived classes.
        """
        raise NotImplementedError


[docs]    def batch_cost(self, test_scene_state):
        """Gets costs of every demonstration scene in demos registered onto 
        the test scene
        
        Returns:
            A dict that maps from the demonstration names that are in demos 
            to the numpy.array of partial cost
        """
        costs = {}
        for name, demo in self.demos.iteritems():
            costs[name] = self.cost(demo, test_scene_state)
        return costs




[docs]class TpsRpmRegistrationFactory(RegistrationFactory):
    r"""As in:
    
    H. Chui and A. Rangarajan, "A new point matching algorithm for non-rigid registration," Computer Vision and Image Understanding, vol. 89, no. 2, pp. 114-141, 2003.
    
    Tries to solve the optimization problem
    
    .. math::
        :nowrap:

        \begin{align*}
            & \min_{f, M} 
                & \frac{1}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} ||y_j - f(x_i)||_2^2
                + \lambda Tr(A^\top K A)
                + Tr((B - I) R (B - I)) \\
                && + \frac{2T}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} \log m_{ij}
                - \frac{2T}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} \\
            & \text{subject to} 
                & X^\top A = 0, 1^\top A = 0 \\
                && \sum_{i=1}^{n+1} m_{ij} = 1, \sum_{j=1}^{m+1} m_{ij} = 1, m_{ij} \geq 0 \\
        \end{align*}
    """
    def __init__(self, demos=None, 
                 n_iter=settings.N_ITER, em_iter=settings.EM_ITER, 
                 reg_init=settings.REG[0], reg_final=settings.REG[1], 
                 rad_init=settings.RAD[0], rad_final=settings.RAD[1], 
                 rot_reg=settings.ROT_REG, 
                 outlierprior=settings.OUTLIER_PRIOR, outlierfrac=settings.OUTLIER_FRAC, 
                 prior_fn=None, 
                 f_solver_factory=solver.AutoTpsSolverFactory()):
        """Inits TpsRpmRegistrationFactory with demonstrations and parameters
        
        Args:
            demos: dict that maps from demonstration name to Demonstration
            n_iter: outer iterations for tps-rpm
            em_iter: inner iterations for tps-rpm
            reg_init/reg_final: regularization on curvature
            rad_init/rad_final: radius (temperature) for correspondence calculation (meters)
            rot_reg: regularization on rotation
            prior_fn: function that takes the demo and test SceneState and returns the prior probability (i.e. NOT cost)
            f_solver_factory: solver factory for forward registration
        
        Note:
            Pick a T_init that is about 1/10 of the largest square distance of all point pairs.
        """
        super(TpsRpmRegistrationFactory, self).__init__(demos=demos)
        self.n_iter = n_iter
        self.em_iter = em_iter
        self.reg_init = reg_init
        self.reg_final = reg_final
        self.rad_init = rad_init
        self.rad_final = rad_final
        self.rot_reg = rot_reg
        self.outlierprior = outlierprior
        self.outlierfrac = outlierfrac
        self.prior_fn = prior_fn
        self.f_solver_factory = f_solver_factory
    
[docs]    def register(self, demo, test_scene_state, callback=None, args=()):
        if self.prior_fn is not None:
            prior_prob_nm = self.prior_fn(demo.scene_state, test_scene_state)
        else:
            prior_prob_nm = None
        x_nd = demo.scene_state.cloud[:,:3]
        y_md = test_scene_state.cloud[:,:3]
        
        f, corr = tps.tps_rpm(x_nd, y_md, 
                              f_solver_factory=self.f_solver_factory, 
                              n_iter=self.n_iter, em_iter=self.em_iter, 
                              reg_init=self.reg_init, reg_final=self.reg_final, 
                              rad_init=self.rad_init, rad_final=self.rad_final, 
                              rot_reg=self.rot_reg, 
                              outlierprior=self.outlierprior, outlierfrac=self.outlierfrac, 
                              prior_prob_nm=prior_prob_nm, callback=callback, args=args)
        
        return TpsRpmRegistration(demo, test_scene_state, f, corr, self.rad_final)
    

[docs]    def cost(self, demo, test_scene_state):
        """Gets the costs of the thin plate spline objective of the 
        resulting registration
        
        Args:
            demo: Demonstration which has the demonstration scene
            test_scene_state: SceneState of the test scene
        
        Returns:
            A 1-dimensional numpy.array containing the residual, bending and 
            rotation cost, each already premultiplied by the respective 
            coefficients.
        """
        reg = self.register(demo, test_scene_state, callback=None)
        cost = reg.f.get_objective()
        return cost




[docs]class TpsRpmBijRegistrationFactory(RegistrationFactory):
    r"""As in:
    
    J. Schulman, J. Ho, C. Lee, and P. Abbeel, "Learning from Demonstrations through the Use of Non-Rigid Registration," in Proceedings of the 16th International Symposium on Robotics Research (ISRR), 2013.
    
    Tries to solve the optimization problem
    
    .. math::
        :nowrap:

        \begin{align*}
            & \min_{f, M} 
                & \frac{1}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} ||y_j - f(x_i)||_2^2
                + \lambda Tr(A_f^\top K A_f)
                + Tr((B_f - I) R (B_f - I)) \\
                && + \frac{2T}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} \log m_{ij}
                - \frac{2T}{n} \sum_{i=1}^n \sum_{j=1}^m m_{ij} \\
                && + \frac{1}{m} \sum_{j=1}^m \sum_{i=1}^n m_{ij} ||x_i - g(y_j)||_2^2
                + \lambda Tr(A_g^\top K A_g)
                + Tr((B_g - I) R (B_g - I)) \\
                && + \frac{2T}{m} \sum_{j=1}^m \sum_{i=1}^n m_{ij} \log m_{ij}
                - \frac{2T}{m} \sum_{j=1}^m \sum_{i=1}^n m_{ij} \\
            & \text{subject to} 
                & X^\top A_f = 0, 1^\top A_f = 0 \\
                && Y^\top A_g = 0, 1^\top A_g = 0 \\
                && \sum_{i=1}^{n+1} m_{ij} = 1, \sum_{j=1}^{m+1} m_{ij} = 1, m_{ij} \geq 0 \\
        \end{align*}
    """
    def __init__(self, demos=None, 
                 n_iter=settings.N_ITER, em_iter=settings.EM_ITER, 
                 reg_init=settings.REG[0], reg_final=settings.REG[1], 
                 rad_init=settings.RAD[0], rad_final=settings.RAD[1], 
                 rot_reg=settings.ROT_REG, 
                 outlierprior=settings.OUTLIER_PRIOR, outlierfrac=settings.OUTLIER_FRAC, 
                 prior_fn=None, 
                 f_solver_factory=solver.AutoTpsSolverFactory(), 
                 g_solver_factory=solver.AutoTpsSolverFactory(use_cache=False)):
        """Inits TpsRpmBijRegistrationFactory with demonstrations and parameters
        
        Args:
            demos: dict that maps from demonstration name to Demonstration
            n_iter: outer iterations for tps-rpm
            em_iter: inner iterations for tps-rpm
            reg_init/reg_final: regularization on curvature
            rad_init/rad_final: radius (temperature) for correspondence calculation (meters)
            rot_reg: regularization on rotation
            prior_fn: function that takes the demo and test SceneState and returns the prior probability (i.e. NOT cost)
            f_solver_factory: solver factory for forward registration
            g_solver_factory: solver factory for backward registration
        
        Note:
            Pick a T_init that is about 1/10 of the largest square distance of all point pairs.
            You might not want to cache for the target SolverFactory.
        """
        super(TpsRpmBijRegistrationFactory, self).__init__(demos=demos)
        self.n_iter = n_iter
        self.em_iter = em_iter
        self.reg_init = reg_init
        self.reg_final = reg_final
        self.rad_init = rad_init
        self.rad_final = rad_final
        self.rot_reg = rot_reg
        self.outlierprior = outlierprior
        self.outlierfrac = outlierfrac
        self.prior_fn = prior_fn
        self.f_solver_factory = f_solver_factory
        self.g_solver_factory = g_solver_factory
    
[docs]    def register(self, demo, test_scene_state, callback=None, args=()):
        if self.prior_fn is not None:
            prior_prob_nm = self.prior_fn(demo.scene_state, test_scene_state)
        else:
            prior_prob_nm = None
        x_nd = demo.scene_state.cloud[:,:3]
        y_md = test_scene_state.cloud[:,:3]
        
        f, g, corr = tps.tps_rpm_bij(x_nd, y_md, 
                                     f_solver_factory=self.f_solver_factory, g_solver_factory=self.g_solver_factory, 
                                     n_iter=self.n_iter, em_iter=self.em_iter, 
                                     reg_init=self.reg_init, reg_final=self.reg_final, 
                                     rad_init=self.rad_init, rad_final=self.rad_final, 
                                     rot_reg=self.rot_reg, 
                                     outlierprior=self.outlierprior, outlierfrac=self.outlierfrac, 
                                     prior_prob_nm=prior_prob_nm, callback=callback, args=args)
        
        return TpsRpmBijRegistration(demo, test_scene_state, f, g, corr, self.rad_final)
    

[docs]    def cost(self, demo, test_scene_state):
        """Gets the costs of the forward and backward thin plate spline 
        objective of the resulting registration
        
        Args:
            demo: Demonstration which has the demonstration scene
            test_scene_state: SceneState of the test scene
        
        Returns:
            A 1-dimensional numpy.array containing the residual, bending and 
            rotation cost of the forward and backward spline, each already 
            premultiplied by the respective coefficients.
        """
        reg = self.register(demo, test_scene_state, callback=None)
        cost = np.r_[reg.f.get_objective(), reg.g.get_objective()]
        return cost




[docs]class BatchGpuTpsRpmRegistrationFactory(TpsRpmRegistrationFactory):
    """
    Similar to TpsRpmRegistrationFactory but batch_register and batch_cost are computed in batch using the GPU
    """
    def __init__(self, demos):
        if not lfd.registration._has_cuda:
            raise NotImplementedError("CUDA not installed")
        raise NotImplementedError
    
[docs]    def register(self, demo, test_scene_state, callback=None):
        raise NotImplementedError
    

[docs]    def batch_register(self, test_scene_state):
        raise NotImplementedError
    

[docs]    def cost(self, demo, test_scene_state):
        raise NotImplementedError
    

[docs]    def batch_cost(self, test_scene_state):
        raise NotImplementedError




[docs]class BatchGpuTpsRpmBijRegistrationFactory(TpsRpmBijRegistrationFactory):
    """
    Similar to TpsRpmBijRegistrationFactory but batch_register and batch_cost are computed in batch using the GPU
    """
    def __init__(self, demos, actionfile=None, 
                 n_iter=settings.N_ITER, em_iter=settings.EM_ITER, 
                 reg_init=settings.REG[0], reg_final=settings.REG[1], 
                 rad_init=settings.RAD[0], rad_final=settings.RAD[1], 
                 rot_reg=settings.ROT_REG, 
                 outlierprior=settings.OUTLIER_PRIOR, outlierfrac=settings.OUTLIER_FRAC, 
                 prior_fn=None, 
                 f_solver_factory=solver.AutoTpsSolverFactory(), 
                 g_solver_factory=solver.AutoTpsSolverFactory(use_cache=False)):
        if not lfd.registration._has_cuda:
            raise NotImplementedError("CUDA not installed")
        super(BatchGpuTpsRpmBijRegistrationFactory, self).__init__(demos=demos, 
                                                              n_iter=n_iter, em_iter=em_iter, 
                                                              reg_init=reg_init, reg_final=reg_final, 
                                                              rad_init=rad_init, rad_final=rad_final, 
                                                              rot_reg=rot_reg, 
                                                              outlierprior=outlierprior, outlierfrac=outlierfrac, 
                                                              prior_fn=prior_fn, 
                                                              f_solver_factory=f_solver_factory, g_solver_factory=g_solver_factory)

        self.actionfile = actionfile
        if self.actionfile:
            self.bend_coefs = tps.loglinspace(self.reg_init, self.reg_final, self.n_iter)
            self.src_ctx = GPUContext(self.bend_coefs)
            self.src_ctx.read_h5(actionfile)
        self.warn_clip_cloud = True
    
    def _clip_cloud(self, cloud):
        if len(cloud) > settings.MAX_CLD_SIZE:
            cloud = cloud[np.random.choice(range(len(cloud)), size=settings.MAX_CLD_SIZE, replace=False)]
        if self.warn_clip_cloud:
            import warnings
            warnings.warn("The cloud has more points than the maximum for GPU and it is being clipped")
            self.warn_clip_cloud = False
        return cloud
    
[docs]    def batch_register(self, test_scene_state):
        raise NotImplementedError
    

[docs]    def batch_cost(self, test_scene_state):
        if not(self.actionfile):
            raise ValueError('No actionfile provided for gpu context')
        tgt_ctx = TgtContext(self.src_ctx)
        cloud = test_scene_state.cloud
        cloud = self._clip_cloud(cloud)
        tgt_ctx.set_cld(cloud)
        
        cost_array = batch_tps_rpm_bij(self.src_ctx, tgt_ctx,
                                       T_init=self.rad_init, T_final=self.rad_final, 
                                       outlierfrac=self.outlierfrac, outlierprior=self.outlierprior, 
                                       outliercutoff=settings.OUTLIER_CUTOFF, 
                                       em_iter=self.em_iter, 
                                       component_cost=True)
        costs = dict(zip(self.src_ctx.seg_names, cost_array))
        return costs




[docs]class TpsL2RegistrationFactory(RegistrationFactory):
    r"""As in:
    
    Bing Jian; Vemuri, B.C., "Robust Point Set Registration Using Gaussian Mixture Models," Pattern Analysis and Machine Intelligence, IEEE Transactions on , vol.33, no.8, pp.1633,1645, Aug. 2011.
    
    Tries to solve the optimization problem
    
    .. math::
        :nowrap:

        \begin{align*}
            & \min_f
                & d_{L2}(gmm(f(X), \sigma), gmm(Y))
                + \lambda Tr(A^\top K A)
                + Tr((B - I) R (B - I)) \\
            & \text{subject to} 
                & X^\top A = 0, 1^\top A = 0 \\
        \end{align*}
    
    where :math:`d_{L2}` computes the L2 distance between two Gaussian mixture models.
    """
    def __init__(self, demos=None, 
                 n_iter=settings.L2_N_ITER, opt_iter=settings.L2_OPT_ITER, 
                 reg_init=settings.L2_REG[0], reg_final=settings.L2_REG[1], 
                 rad_init=settings.L2_RAD[0], rad_final=settings.L2_RAD[1], 
                 rot_reg=settings.L2_ROT_REG):
        """Inits TpsL2RegistrationFactory with demonstrations and parameters
        
        Args:
            demos: dict that maps from demonstration name to Demonstration
            n_iter: outer iterations
            opt_iter: inner iterations for the L-BFGS-B subroutine
            reg_init/reg_final: regularization on curvature
            rad_init/rad_final: standard deviation for the Gaussian mixture models
            rot_reg: regularization on rotation
        """
        super(TpsL2RegistrationFactory, self).__init__(demos=demos)
        self.n_iter = n_iter
        self.opt_iter = opt_iter
        self.reg_init = reg_init
        self.reg_final = reg_final
        self.rad_init = rad_init
        self.rad_final = rad_final
        self.rot_reg = rot_reg
    
[docs]    def register(self, demo, test_scene_state, callback=None):
        x_nd = demo.scene_state.cloud[:,:3]
        y_md = test_scene_state.cloud[:,:3]
        
        f = tps_experimental.tps_l2(x_nd, y_md, 
                                    n_iter=self.n_iter, opt_iter=self.opt_iter, 
                                    reg_init=self.reg_init, reg_final=self.reg_final, 
                                    rad_init=self.rad_init, rad_final=self.rad_final, 
                                    rot_reg=self.rot_reg, 
                                    callback=callback)
        
        return TpsL2Registration(demo, test_scene_state, f, self.reg_final, self.rad_final, self.rot_reg)
    

[docs]    def cost(self, demo, test_scene_state):
        raise NotImplementedError




[docs]class TpsSegmentRegistrationFactory(RegistrationFactory):
    def __init__(self, demos):
        raise NotImplementedError
    
[docs]    def register(self, demo, test_scene_state, callback=None):
        raise NotImplementedError
    

[docs]    def batch_register(self, test_scene_state):
        raise NotImplementedError
    

[docs]    def cost(self, demo, test_scene_state):
        raise NotImplementedError
    

[docs]    def batch_cost(self, test_scene_state):
        raise NotImplementedError




[docs]class TpsnRpmRegistrationFactory(RegistrationFactory):
    """
    TPS-RPM using normals information
    """
    def __init__(self, demos=None, 
                  n_iter=settings.N_ITER, em_iter=settings.EM_ITER, 
                  reg_init=settings.REG[0], reg_final=settings.REG[1], 
                  rad_init=settings.RAD[0], rad_final=settings.RAD[1], 
                  radn_init=settings.RADN[0], radn_final=settings.RADN[1], 
                  nu_init=settings.NU[0], nu_final=settings.NU[1], 
                  rot_reg=settings.ROT_REG, 
                  outlierprior=settings.OUTLIER_PRIOR, outlierfrac=settings.OUTLIER_FRAC, 
                  callback=None):
        self.n_iter = n_iter
        self.em_iter = em_iter
        self.reg_init = reg_init
        self.reg_final = reg_final
        self.rad_init = rad_init
        self.rad_final = rad_final
        self.radn_init = radn_init
        self.radn_final = radn_final
        self.nu_init = nu_init
        self.nu_final = nu_final
        self.rot_reg = rot_reg
        self.outlierprior = outlierprior
        self.outlierfrac = outlierfrac
    
[docs]    def register(self, demo, test_scene_state, callback=None, args=()):
        x_ld = demo.scene_state.cloud[:,:3]
        u_rd = demo.scene_state.normals
        z_rd = demo.scene_state.sites
        y_md = test_scene_state.cloud[:,:3]
        v_sd = test_scene_state.normals
        z_sd = test_scene_state.sites
        
        f, corr_lm, corr_rs = tps_experimental.tpsn_rpm(x_ld, u_rd, z_rd, y_md, v_sd, z_sd, 
                                                        n_iter=self.n_iter, em_iter=self.em_iter, 
                                                        reg_init=self.reg_init, reg_final=self.reg_final, 
                                                        rad_init=self.rad_init, rad_final=self.rad_final, 
                                                        radn_init=self.radn_init, radn_final=self.radn_final, 
                                                        nu_init=self.nu_init, nu_final=self.nu_final, 
                                                        rot_reg=self.rot_reg, 
                                                        outlierprior=self.outlierprior, outlierfrac=self.outlierfrac, 
                                                        callback=callback, args=args)

        return TpsnRpmRegistration(demo, test_scene_state, f, corr_lm, corr_rs, self.rad_final, self.radn_final, self.reg_final, self.rot_reg)


[docs]    def cost(self, demo, test_scene_state):
        raise NotImplementedError
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  Source code for lfd.registration.tps_experimental

from __future__ import division

import settings
import numpy as np
import scipy.spatial.distance as ssd
import scipy.optimize as so
import transformation
from transformation import Transformation
from tps import tps_kernel_matrix, tps_kernel_matrix2, tps_grad, loglinspace, nan2zero, prepare_fit_ThinPlateSpline, balance_matrix3

[docs]class ThinPlateSpline(Transformation):
    """
    Attributes:
        x_na: centers of basis functions
        w_ng: weights of basis functions
        lin_ag: transpose of linear part, so you take x_na.dot(lin_ag)
        trans_g: translation part
    """
    def __init__(self, x_la, ctrl_na, g=None):
        """Inits ThinPlateSpline with identity transformation
        
        Args:
            x_la: source points
            ctrl_na: control points (i.e. ceter of basis functions)
            g: dimension of a target point. Default is the same as the dimension of a source point.
        """
        l, a = x_la.shape
        n = ctrl_na.shape[0]
        assert a == ctrl_na.shape[1]
        if g is None:
            g = a
        
        self.x_la = x_la
        K_ln = tps_kernel_matrix2(x_la, ctrl_na)
        self.Q_lb = np.c_[np.ones((l, 1)), x_la, K_ln]
        self.N_bn = self.compute_N(ctrl_na)
        self.QN_ln = self.Q_lb.dot(self.N_bn)
        
        self.ctrl_na = ctrl_na
        self.K_nn = tps_kernel_matrix(ctrl_na)
        self.NKN_nn = self.N_bn[a+1:, :].T.dot(self.K_nn.dot(self.N_bn[a+1:, :]))
        
        trans_g = np.zeros(g)
        lin_ag = np.eye(a, g)
        self._z_ng = None
        self.z_ng = np.r_[trans_g[None, :], lin_ag, np.zeros((n-a-1, g))]
    
    @property
    def trans_g(self):
        return self.z_ng[0]
    
    @trans_g.setter
    def trans_g(self, value):
        self.z_ng[0] = value
    
    @property
    def lin_ag(self):
        a = self.ctrl_na.shape[1]
        return self.z_ng[1:1+a]
    
    @lin_ag.setter
    def lin_ag(self, value):
        a = self.ctrl_na.shape[1]
        self.z_ng[1:1+a] = value
    
    @property
    def w_ng(self):
        """Can get w_ng but not set it due to change of variables"""
        a = self.ctrl_na.shape[1]
        return self.theta_bg[1+a:]

    @property
    def z_ng(self):
        return self._z_ng
    
    @z_ng.setter
    def z_ng(self, value):
        if self._z_ng is None or self._z_ng.shape == value.shape:
            self._z_ng = value
        else:
            try:
                self._z_ng = value.reshape(self._z_ng.shape) # should raise exception if size changes
            except ValueError:
                raise ValueError("total size of z_ng must be unchanged")
        self._theta_bg = None # indicates it is dirty
    
    @property
    def theta_bg(self):
        """Can get theta_bg but not set it due to change of variables"""
        # TODO: this is incorrect when z_ng is changed in-place
        # if self._theta_bg is None:
        #     self._theta_bg = self.N_bn.dot(self.z_ng)
        # return self._theta_bg
        # return self.N_bn.dot(self.z_ng)
        return self.N_bn.dot(self.z_ng)
    
    @staticmethod
[docs]    def compute_N(ctrl_na):
        r"""Computes change of variable matrix
        
        The matrix :math:`N` changes from :math:`z` to :math:`\theta`,
        
        .. math:: \theta = N z
       
        such that the affine part of :math:`\theta` remains unchanged and the 
        non-affine part :math:`A` satisfies the TPS constraint,
        
        
        .. math::
            C^\top A &= 0 \\
            1^\top A &= 0
        
        Args:
            ctrl_na: control points, :math:`C`
        
        Returns:
            N_bn: change of variable matrix, :math:`N`
        
        Example:

            >>> import numpy as np
            >>> from lfd.registration.tps_experimental import ThinPlateSpline
            >>> n = 100
            >>> a = 3
            >>> g = 3
            >>> ctrl_na = np.random.random((n, a))
            >>> z_ng = np.random.random((n, g))
            >>> N_bn = ThinPlateSpline.compute_N(ctrl_na)
            >>> theta_bg = N_bn.dot(z_ng)
            >>> trans_g = theta_bg[0]
            >>> lin_ag = theta_bg[1:a+1]
            >>> w_ng = theta_bg[a+1:]
            >>> print np.allclose(trans_g, z_ng[0])
            True
            >>> print np.allclose(lin_ag, z_ng[1:a+1])
            True
            >>> print np.allclose(ctrl_na.T.dot(w_ng), np.zeros((a, g)))
            True
            >>> print np.allclose(np.ones((n, 1)).T.dot(w_ng), np.zeros((1, g)))
            True
        """
        n, a = ctrl_na.shape
        _u,_s,_vh = np.linalg.svd(np.c_[np.ones((n, 1)), ctrl_na])
        N_bn = np.eye(n+a+1, n)
        N_bn[a+1:, a+1:] = _u[:, a+1:]
        return N_bn
    

[docs]    def transform_points(self, x_ma=None):
        """Transforms the x_ma points. If x_ma is not specified, the source points x_la are used."""
        if x_ma is None:
            y_lg = self.QN_ln.dot(self.z_ng)
            return y_lg
        else:
            m = x_ma.shape[0]
            K_mn = tps_kernel_matrix2(x_ma, self.ctrl_na)
            Q_mb = np.c_[np.ones((m, 1)), x_ma, K_mn]
            y_mg = Q_mb.dot(self.theta_bg)
            return y_mg
    

[docs]    def compute_transform_grad(self, x_ma=None):
        """Gradient of the transform of the x_ma points. If x_ma is not specified, the source points x_la are used."""
        if x_ma is None:
            return self.QN_ln
        else:
            m = x_ma.shape[0]
            K_mn = tps_kernel_matrix2(x_ma, self.ctrl_na)
            Q_mb = np.c_[np.ones((m, 1)), x_ma, K_mn]
            QN_mn = Q_mb.dot(self.N_bn)
            return QN_mn


[docs]    def compute_jacobian(self, x_ma):
        grad_mga = tps_grad(x_ma, self.lin_ag, self.trans_g, self.w_ng, self.ctrl_na)
        return grad_mga
    

[docs]    def get_bending_energy(self):
        return np.trace(self.z_ng.T.dot(self.NKN_nn.dot(self.z_ng)))




[docs]def solve_qp(H, f):
    """solve unconstrained qp
    min .5 tr(x'Hx) + tr(f'x)
    """
    n_vars = H.shape[0]
    assert H.shape[1] == n_vars
    assert f.shape[0] == n_vars

    x = np.linalg.solve(H, -f)
    return x


[docs]def tpsn_fit(f, y_lg, v_rg, bend_coef, rot_coef, wt_l, wt_r):
    l, r, a = f.l, f.r, f.a
    g = y_lg.shape[1]
    assert y_lg.shape == (l, g)
    assert v_rg.shape == (r, g)
    if wt_l is None: wt_l = np.ones(l)
    if wt_r is None: wt_r = np.ones(r)
    rot_coef = np.ones(a) * rot_coef if np.isscalar(rot_coef) else rot_coef
    assert len(rot_coef) == a
    assert a == g

    WQ0N_le = wt_l[:,None] * f.Q0N_le
    WQ1N_re = wt_r[:,None] * f.Q1N_re
    NR_ea = f.N_be[1:1+a,:].T * rot_coef

    H_ee = f.Q0N_le.T.dot(WQ0N_le) + f.Q1N_re.T.dot(WQ1N_re)
    H_ee += bend_coef * f.NKN_ee
    H_ee += NR_ea.dot(f.N_be[1:1+a,:])

    f_eg = -WQ0N_le.T.dot(y_lg) - WQ1N_re.T.dot(v_rg)
    f_eg -= NR_ea

    f.z_eg = solve_qp(H_ee, f_eg)


[docs]def tpsn_rpm(x_ld, u_rd, z_rd, y_md, v_sd, z_sd, 
             n_iter=settings.N_ITER, em_iter=settings.EM_ITER, 
             reg_init=settings.REG[0], reg_final=settings.REG[1], 
             rad_init=settings.RAD[0], rad_final=settings.RAD[1], 
             radn_init=settings.RADN[0], radn_final=settings.RADN[1], 
             nu_init=settings.NU[0], nu_final=settings.NU[1], 
             rot_reg=settings.ROT_REG, 
             outlierprior=settings.OUTLIER_PRIOR, outlierfrac=settings.OUTLIER_FRAC, 
             callback=None, args=()):
    """
    TODO: hyperparameters
    """
    _, d = x_ld.shape
    regs = loglinspace(reg_init, reg_final, n_iter)
    rads = loglinspace(rad_init, rad_final, n_iter)
    radns = loglinspace(radn_init, radn_final, n_iter)
    nus = loglinspace(nu_init, nu_final, n_iter)
    
    f = ThinPlateSplineNormal(x_ld, u_rd, z_rd, x_ld, u_rd, z_rd)
    scale = (np.max(y_md,axis=0) - np.min(y_md,axis=0)) / (np.max(x_ld,axis=0) - np.min(x_ld,axis=0))
    f.lin_ag = np.diag(scale) # align the mins and max
    f.trans_g = np.median(y_md,axis=0) - np.median(x_ld,axis=0) * scale  # align the medians
    
    # set up outlier priors for source and target scenes
    l, _ = x_ld.shape
    m, _ = y_md.shape
    r, _ = u_rd.shape
    s, _ = v_sd.shape
    x_priors = np.ones(l)*outlierprior
    y_priors = np.ones(m)*outlierprior
    u_priors = np.ones(r)*outlierprior
    v_priors = np.ones(s)*outlierprior
    
    for i, (reg, rad, radn, nu) in enumerate(zip(regs, rads, radns, nus)):
        for i_em in range(em_iter):
            xwarped_ld = f.transform_points()
            uwarped_rd = f.transform_vectors()
            zwarped_rd = f.transform_points(z_rd)
            
            beta_r = np.linalg.norm(uwarped_rd, axis=1)

            dist_lm = ssd.cdist(xwarped_ld, y_md, 'sqeuclidean')
            prob_lm = np.exp( -dist_lm / (2*rad) )
            corr_lm, _, _ =  balance_matrix3(prob_lm, 10, x_priors, y_priors, outlierfrac)

            dist_rs = ssd.cdist(uwarped_rd / beta_r[:,None], v_sd, 'sqeuclidean')
            site_dist_rs = ssd.cdist(zwarped_rd, z_sd, 'sqeuclidean')
            prior_prob_rs = np.exp( -site_dist_rs / (2*rad) )
            prob_rs = prior_prob_rs * np.exp( -dist_rs / (2*radn) )
            corr_rs, _, _ =  balance_matrix3(prob_rs, 10, u_priors, v_priors, outlierfrac)

            xtarg_ld, wt_l = prepare_fit_ThinPlateSpline(x_ld, y_md, corr_lm)
            utarg_rd, wt_r = prepare_fit_ThinPlateSpline(u_rd, v_sd, corr_rs)
            wt_r *= nu
            tpsn_fit(f, xtarg_ld, utarg_rd / beta_r[:,None], reg, rot_reg, wt_l, wt_r)

            if callback:
                callback(f, corr_lm, corr_rs, y_md, v_sd, z_sd, xtarg_ld, utarg_rd, wt_l, wt_r, reg, rad, radn, nu, i, i_em, *args)
        
    return f, corr_lm, corr_rs


[docs]def tpsn_kernel_matrix2_00(x_la, y_ma):
    distmat_lm = ssd.cdist(x_la, y_ma)
    S00_lm = distmat_lm ** 3
    return S00_lm


[docs]def tpsn_kernel_matrix2_01(x_la, u_ra, z_ra):
    distmat_lr = ssd.cdist(x_la, z_ra)
    S01_lr = 3 * distmat_lr
    l, r = S01_lr.shape
    for j in range(r):
        S01_lr[:,j] *= (z_ra[j] - x_la).dot(u_ra[j])
    return S01_lr


[docs]def tpsn_kernel_matrix2_11(u_ra, z_ra, v_sa, z_sa):
    distmat_rs = ssd.cdist(z_ra, z_sa)
    S11_rs = -3 / (distmat_rs + 1e-20)
    r, s = S11_rs.shape
    for i in range(r):
        S11_rs[i,:] *= (z_ra[i] - z_sa).dot(u_ra[i])
    for j in range(s):
        S11_rs[:,j] *= (z_ra - z_sa[j]).dot(v_sa[j])
    S11_rs += -3 * distmat_rs * (u_ra.dot(v_sa.T))
    return S11_rs


[docs]def tpsn_kernel_matrix2_0(x_la, x_ctrl_na, u_ctrl_ta, z_ctrl_ta):
    S00_ln = tpsn_kernel_matrix2_00(x_la, x_ctrl_na)
    S01_lt = tpsn_kernel_matrix2_01(x_la, u_ctrl_ta, z_ctrl_ta)
    S0_le = np.c_[S00_ln, S01_lt]
    return S0_le


[docs]def tpsn_kernel_matrix2_1(u_ra, z_ra, x_ctrl_na, u_ctrl_ta, z_ctrl_ta):
    S10_rn = tpsn_kernel_matrix2_01(x_ctrl_na, u_ra, z_ra).T
    S11_rt = tpsn_kernel_matrix2_11(u_ra, z_ra, u_ctrl_ta, z_ctrl_ta)
    S1_re = np.c_[S10_rn, S11_rt]
    return S1_re


[docs]def tpsn_kernel_matrix(x_la, u_ra, z_ra):
    # TODO: specialize this function
    return tpsn_kernel_matrix2(x_la, u_ra, z_ra, x_la, u_ra, z_ra)


[docs]def tpsn_kernel_matrix2(x_la, u_ra, z_ra, x_ctrl_na, u_ctrl_ta, z_ctrl_ta):
    S0_le = tpsn_kernel_matrix2_0(x_la, x_ctrl_na, u_ctrl_ta, z_ctrl_ta)
    S1_re = tpsn_kernel_matrix2_1(u_ra, z_ra, x_ctrl_na, u_ctrl_ta, z_ctrl_ta)
    S_ce = np.r_[S0_le, S1_re]
    return S_ce


[docs]class ThinPlateSplineNormal(Transformation):
    """
    Attributes:
        x_na: centers of basis functions
        w_ng: weights of basis functions
        lin_ag: transpose of linear part, so you take x_na.dot(lin_ag)
        trans_g: translation part
    """

    def __init__(self, x_la, u_ra, z_ra, x_ctrl_na, u_ctrl_ta, z_ctrl_ta, g=None):
        """Inits ThinPlateSplineNormal with identity transformation

        Args:
            x_la: source points
            u_ra: source normals
            z_ra: source normal locations
            x_ctrl_na: control points (i.e. center of basis functions)
            u_ctrl_ta: control normals
            z_ctrl_ra: control normal locations
            g: dimension of a target point and normals. Default is the same as the dimension of a source point and normals

        Dimension conventions:
            l: number of source points
            r: number of source normals
            n: number of control points
            t: number of control normals
            a: dimension of source points and normals
            g: dimension of target point and normals
            c: l+r
            e: n+t
            b: e+a+1
        """
        l, a = x_la.shape
        r = u_ra.shape[0]
        assert u_ra.shape[1] == a
        assert z_ra.shape == (r, a)
        n = x_ctrl_na.shape[0]
        assert x_ctrl_na.shape[1] == a
        t = u_ctrl_ta.shape[0]
        assert u_ctrl_ta.shape[1] == a
        assert z_ctrl_ta.shape == (t, a)
        if g is None:
            g = a
        c = l+r
        e = n+t
        b = e+a+1
        self.l = l
        self.r = r
        self.n = n
        self.t = t
        self.a = a
        self.g = g
        self.c = c
        self.e = e
        self.b = b

        self.x_la = x_la
        self.u_ra = u_ra
        self.z_ra = z_ra
        S_ce = tpsn_kernel_matrix2(x_la, u_ra, z_ra, x_ctrl_na, u_ctrl_ta, z_ctrl_ta)
        self.Q0_lb = np.c_[np.ones((l, 1)), x_la, S_ce[:l,:]]
        self.Q1_rb = np.c_[np.zeros((r,1)), u_ra, S_ce[l:,:]]
        self.N_be = self.compute_N(x_ctrl_na, u_ctrl_ta)
        self.Q0N_le = self.Q0_lb.dot(self.N_be)
        self.Q1N_re = self.Q1_rb.dot(self.N_be)

        self.x_ctrl_na = x_ctrl_na
        self.u_ctrl_ta = u_ctrl_ta
        self.z_ctrl_ta = z_ctrl_ta
        self.S_ee = tpsn_kernel_matrix(x_ctrl_na, u_ctrl_ta, z_ctrl_ta)
        D = np.r_[np.c_[np.ones((n, 1)), x_ctrl_na],
                  np.c_[np.zeros((t, 1)), u_ctrl_ta]]
        P_ee = D.dot(np.linalg.inv(D.T.dot(D))).dot(D.T)
        K_ee = np.linalg.inv((np.eye(e) - P_ee).dot(self.S_ee).dot(np.eye(e) - P_ee))
        self.NKN_ee = self.N_be[a+1:, :].T.dot(self.S_ee.dot(self.N_be[a+1:, :]))

        trans_g = np.zeros(g)
        lin_ag = np.eye(a, g)
        self._z_eg = None
        self.z_eg = np.r_[trans_g[None, :], lin_ag, np.zeros((e-a-1, g))]
    
    @property
    def trans_g(self):
        return self.z_eg[0]
    
    @trans_g.setter
    def trans_g(self, value):
        self.z_eg[0] = value
    
    @property
    def lin_ag(self):
        return self.z_eg[1:1+self.a]
    
    @lin_ag.setter
    def lin_ag(self, value):
        self.z_eg[1:1+self.a] = value
    
    @property
    def w_eg(self):
        """Can get w_ng but not set it due to change of variables"""
        return self.theta_bg[1+self.a:]

    @property
    def z_eg(self):
        return self._z_eg
    
    @z_eg.setter
    def z_eg(self, value):
        if self._z_eg is None or self._z_eg.shape == value.shape:
            self._z_eg = value
        else:
            try:
                self._z_eg = value.reshape(self._z_eg.shape) # should raise exception if size changes
            except ValueError:
                raise ValueError("total size of z_eg must be unchanged")
        self._theta_bg = None # indicates it is dirty
    
    @property
    def theta_bg(self):
        """Can get theta_bg but not set it due to change of variables"""
        # TODO: this is incorrect when z_ng is changed in-place
        # if self._theta_bg is None:
        #     self._theta_bg = self.N_be.dot(self.z_eg)
        # return self._theta_bg
        return self.N_be.dot(self.z_eg)
    
    @staticmethod
[docs]    def compute_N(x_ctrl_na, u_ctrl_ta):
        r"""Computes change of variable matrix
        
        The matrix :math:`N` changes from :math:`z` to :math:`\theta`,
        
        .. math:: \theta = N z
       
        such that the affine part of :math:`\theta` remains unchanged and the 
        non-affine part :math:`A` satisfies the TPSN constraint,
        
        
        .. math::
            [X^\top U^\top] A &= 0 \\
            [1^\top 0^\top] A &= 0
        
        Args:
            x_ctrl_na: control points, :math:`X`
            u_ctrl_ta: control normals, :math:`U`
        
        Returns:
            N_bn: change of variable matrix, :math:`N`
        """
        n, a = x_ctrl_na.shape
        t, a = u_ctrl_ta.shape
        D = np.r_[np.c_[np.ones((n, 1)), x_ctrl_na],
                  np.c_[np.zeros((t, 1)), u_ctrl_ta]]
        _u,_s,_vh = np.linalg.svd(D)
        N_be = np.eye(n+t+a+1, n+t)
        N_be[a+1:, a+1:] = _u[:, a+1:]
        return N_be
    

[docs]    def transform_points(self, x_ma=None):
        """Transforms the x_ma points. If x_ma is not specified, the source points x_la are used."""
        if x_ma is None:
            y_lg = self.Q0N_le.dot(self.z_eg)
            return y_lg
        else:
            m = x_ma.shape[0]
            K0_me = tpsn_kernel_matrix2_0(x_ma, self.x_ctrl_na, self.u_ctrl_ta, self.z_ctrl_ta)
            Q0_mb = np.c_[np.ones((m, 1)), x_ma, K0_me]
            y_mg = Q0_mb.dot(self.theta_bg)
            return y_mg


[docs]    def transform_vectors(self, u_sa=None, z_sa=None):
        if (u_sa is None and z_sa is not None) or (u_sa is not None and z_sa is None):
            raise RuntimeError("u_sa and z_sa should both be None or should both be specified")
        if u_sa is None or z_sa is None:
            v_rg = self.Q1N_re.dot(self.z_eg)
            return v_rg
        else:
            s = u_sa.shape[0]
            K1_se = tpsn_kernel_matrix2_1(u_sa, z_sa, self.x_ctrl_na, self.u_ctrl_ta, self.z_ctrl_ta)
            Q1_sb = np.c_[np.zeros((s,1)), u_sa, K1_se]
            v_sg = Q1_sb.dot(self.theta_bg)
            return v_sg


[docs]    def compute_transform_grad(self, x_ma=None):
        """Gradient of the transform of the x_ma points. If x_ma is not specified, the source points x_la are used."""
        raise NotImplementedError
        if x_ma is None:
            return self.QN_ln
        else:
            m = x_ma.shape[0]
            S_mn = tps_kernel_matrix2(x_ma, self.ctrl_na)
            Q_mb = np.c_[np.ones((m, 1)), x_ma, S_mn]
            QN_mn = Q_mb.dot(self.N_bn)
            return QN_mn


[docs]    def compute_jacobian(self, x_ma):
        # TODO: analytical jacobian is wrong. Use numerical for now
        return np.asarray([self.compute_numerical_jacobian(x_a) for x_a in x_ma])

        n, t, a, g = self.n, self.t, self.a, self.g
        m = x_ma.shape[0]
        assert x_ma.shape[1] == a

        dist_mn = ssd.cdist(x_ma, self.x_ctrl_na, 'euclidean')
        dist_mt = ssd.cdist(x_ma, self.z_ctrl_ta, 'euclidean')
        dot_mt = np.empty((m,t))
        for j in range(t):
            dot_mt[:,j] = (self.z_ctrl_ta[j] - x_ma).dot(self.u_ctrl_ta[j])

        grad_mga = np.empty((m, g, a))

        lin_ga = self.lin_ag.T
        for i in range(a):
            diffi_mn = x_ma[:,i][:,None] - self.x_ctrl_na[:,i][None,:]
            diffi_mt = self.z_ctrl_ta[:,i][None,:] - x_ma[:,i][:,None]
            dS00dx_mn = 3 * (dist_mn ** 2) * diffi_mn
            dS01dx_mt = 3 * (nan2zero(diffi_mt * dot_mt / dist_mt) - (dist_mt * self.u_ctrl_ta[:,i][None,:]))
            grad_mga[:,:,i] = lin_ga[None,:,i] + np.c_[dS00dx_mn, dS01dx_mt].dot(self.w_eg)
        return grad_mga


[docs]    def transform_bases(self, x_ma, rot_mad, orthogonalize=True, orth_method = "cross"):
        """
        orthogonalize: none, svd, qr
        """
        a, g = self.a, self.g
        m, _, d = rot_mad.shape
        newrot_mgd = np.empty((m, g, d))
        for i, (x_a, rot_ad) in enumerate(zip(x_ma, rot_mad)):
            newrot_dg = self.transform_vectors(rot_ad.T, np.tile(x_a, (d, 1)))
            newrot_mgd[i, :, :] = newrot_dg.T

        if orthogonalize:
            if orth_method == "qr":
                newrot_mgd = transformation.orthogonalize3_qr(newrot_mgd)
            elif orth_method == "svd":
                newrot_mgd = transformation.orthogonalize3_svd(newrot_mgd)
            elif orth_method == "cross":
                newrot_mgd = transformation.orthogonalize3_cross(newrot_mgd)
            else: raise Exception("unknown orthogonalization method %s"%orthogonalize)
        return newrot_mgd


[docs]    def compute_bending_energy(self, bend_coef=1):
        return bend_coef * np.trace(self.z_eg.T.dot(self.NKN_ee.dot(self.z_eg)))


[docs]    def compute_rotation_reg(self, rot_coef=1):
        rot_coef = np.ones(a) * rot_coef if np.isscalar(rot_coef) else rot_coef
        assert len(rot_coef) == self.a
        return np.trace((self.lin_ag - np.eye(self.a)).T.dot(np.diag(rot_coef)).dot(self.lin_ag - np.eye(self.a)))
    


[docs]def gauss_transform(A, B, scale):
    m = A.shape[0]
    n = B.shape[0]
    dist = (A[:,None,:] - B[None,:,:])
    sqdist = np.square(dist).sum(2)
    cost = np.exp(-sqdist / (scale**2))
    f = np.sum(cost) / (m * n)
    g = -2. * (cost[:,:,None] * dist).sum(1) / (m * n * (scale**2))
    return f, g


[docs]def l2_obj(x_nd, y_md, rad):
    """
    Compute the L2 distance between the two Gaussian mixture densities constructed from a moving 'model' point set and a fixed 'scene' point set at a given 'scale'. The term that only involves the fixed 'scene' is excluded from the returned distance.  The gradient with respect to the 'model' is calculated and returned as well.
    """
    f1, g1 = gauss_transform(x_nd, x_nd, rad)
    f2, g2 = gauss_transform(x_nd, y_md, rad)
    f = f1 - 2*f2
    g = 2*g1 - 2*g2
    return f, g


[docs]def tps_l2_obj(z_nd, f, y_md, rad, reg, rot_reg):
    f.z_ng = z_nd
    xwarped_nd = f.transform_points()

    l2_energy, l2_grad_ld = l2_obj(xwarped_nd, y_md, rad)
    energy = l2_energy
    n, d = f.z_ng.shape
    NR_nd = f.N_bn[1:1+d, :].T * rot_reg[:d]
    NRN_nn = NR_nd.dot(f.N_bn[1:1+d, :])
    energy += np.trace(f.z_ng.T.dot(reg * f.NKN_nn + NRN_nn).dot(f.z_ng)) - 2 * np.trace(f.z_ng.T.dot(NR_nd))
    grad_nd = f.QN_ln.T.dot(l2_grad_ld)
    grad_nd += 2 * (reg * f.NKN_nn + NRN_nn).dot(f.z_ng) - 2 * NR_nd
    grad_nd = grad_nd.reshape(d*n)
    return energy, grad_nd


[docs]def tps_l2(x_ld, y_md, ctrl_nd=None, 
            n_iter=settings.L2_N_ITER, opt_iter=settings.L2_OPT_ITER, 
            reg_init=settings.L2_REG[0], reg_final=settings.L2_REG[1], 
            rad_init=settings.L2_RAD[0], rad_final=settings.L2_RAD[1], 
            rot_reg=settings.L2_ROT_REG, 
            callback=None, args=()):
    """TODO: default parameters
    """
    if ctrl_nd is None:
        ctrl_nd = x_ld
    n, d = ctrl_nd.shape
    regs = loglinspace(reg_init, reg_final, n_iter)
    rads = loglinspace(rad_init, rad_final, n_iter)
    
    scale = (np.max(y_md,axis=0) - np.min(y_md,axis=0)) / (np.max(x_ld,axis=0) - np.min(x_ld,axis=0))
    f = ThinPlateSpline(x_ld, ctrl_nd)
    f.lin_ag = np.diag(scale) # align the mins and max1
    f.trans_g = np.median(y_md,axis=0) - np.median(x_ld,axis=0) * scale  # align the medians
    z_nd = f.z_ng.reshape(n*d)

    for reg, rad in zip(regs, rads):
        res = so.fmin_l_bfgs_b(tps_l2_obj, z_nd, None, args=(f, y_md, rad, reg, rot_reg), maxfun=opt_iter)
        z_nd = res[0]
        f.z_ng = z_nd
        if callback is not None:
            callback(f, y_md, *args)
    return f


[docs]def pairwise_tps_l2_obj(z_knd, f_k, y_md, rad, reg, rot_reg):
    f_k = params_to_multi_tps(z_knd, f_k)

    energy = 0
    grad_knd = []
    for f in f_k:
        _, d = f.z_ng.shape
        assert d == y_md.shape[1]
        tps_l2_energy, tps_l2_grad_nd = tps_l2_obj(f.z_ng, f, y_md, rad, reg, rot_reg)
        energy += tps_l2_energy
        grad_knd.append(tps_l2_grad_nd)
    grad_knd = np.concatenate(grad_knd)
    return energy, grad_knd


[docs]def compute_sum_var_matrix(f_k, p_ktd, w_t=None):
    """Computes the kt by kn matrix L_ktkn for calculating the sum of variances.

    The sum of variances is given by
        (1/k) * np.sum(np.square(L_ktkn.dot(z_knd.reshape((-1,d)))))
    """
    QN_ktn = []
    for f, p_td in zip(f_k, p_ktd):
        QN_tn = f.compute_transform_grad(p_td)
        QN_ktn.append(QN_tn)

    k, t, _ = p_ktd.shape
    L_ktkn = []
    for j in range(t):
        QN_1kn = []
        for QN_tn in QN_ktn:
            QN_1kn.append(QN_tn[j,:])
        QN_1kn = np.concatenate(QN_1kn)
        i = 0
        for QN_tn in QN_ktn:
            _, n = QN_tn.shape
            L_1kn = (-1/k) * QN_1kn
            L_1kn[i:i+n] += QN_tn[j,:]
            if w_t is not None:
                L_1kn *= np.sqrt(w_t[j])
            L_ktkn.append(L_1kn)
            i += n
    L_ktkn = np.array(L_ktkn)
    return L_ktkn


[docs]def tps_cov_obj(z_knd, f_k, p_ktd, L_ktkn=None, w_t=None):
    f_k = params_to_multi_tps(z_knd, f_k)

    if L_ktkn is None:
        L_ktkn = compute_sum_var_matrix(f_k, p_ktd, w_t=w_t)

    k, t, d = p_ktd.shape
    Lz_ktd = L_ktkn.dot(z_knd.reshape((-1,d)))
    energy = (1/k) * np.sum(np.square(Lz_ktd))
    grad_knd = (1/k) * 2 * L_ktkn.T.dot(Lz_ktd).reshape(-1)

    # if w_t is None:
    #     w_t = np.ones(t)
    # fp_ktd = []
    # for f, p_td in zip(f_k, p_ktd):
    #     fp_td = f.transform_points(p_td)
    #     fp_ktd.append(fp_td)
    # fp_ktd = np.array(fp_ktd)
    # energy2 = 0
    # for j in range(t):
    #     fp_kd = fp_ktd[:,j,:]
    #     energy2 += (1/k) * w_t[j] * np.trace((fp_kd - fp_kd.mean(axis=0)).T.dot(fp_kd - fp_kd.mean(axis=0)))
    # print "energy cov equal?", np.allclose(energy, energy2)

    return energy, grad_knd


[docs]def pairwise_tps_l2_cov_obj(z_knd, f_k, y_md, p_ktd, rad, reg, rot_reg, cov_coef, L_ktkn=None, w_t=None):
    f_k = params_to_multi_tps(z_knd, f_k)

    pw_tps_l2_energy, pw_tps_l2_grad_knd = pairwise_tps_l2_obj(z_knd, f_k, y_md, rad, reg, rot_reg)
    cov_energy, cov_grad_knd = tps_cov_obj(z_knd, f_k, p_ktd, L_ktkn=L_ktkn, w_t=w_t)
    energy = pw_tps_l2_energy + cov_coef * cov_energy
    grad_knd = pw_tps_l2_grad_knd + cov_coef * cov_grad_knd
    
    return energy, grad_knd


[docs]def multi_tps_to_params(f_k):
    z_knd = []
    for f in f_k:
        n, d = f.z_ng.shape
        z_knd.append(f.z_ng.reshape(n*d))
    z_knd = np.concatenate(z_knd)
    return z_knd


[docs]def params_to_multi_tps(z_knd, f_k):
    i = 0
    for f in f_k:
        n, d = f.z_ng.shape
        f.z_ng = z_knd[i*d:(i+n)*d]
        i += n
    return f_k


[docs]def pairwise_tps_l2_cov(x_kld, y_md, p_ktd, ctrl_knd=None, f_init_k=None, 
                            n_iter=settings.L2_N_ITER, opt_iter=settings.L2_OPT_ITER, 
                            reg_init=settings.L2_REG[0], reg_final=settings.L2_REG[1], 
                            rad_init=settings.L2_RAD[0], rad_final=settings.L2_RAD[1], 
                            rot_reg=settings.L2_ROT_REG, 
                            cov_coef=settings.COV_COEF, 
                            w_t=None, 
                            callback=None, args=(), 
                            multi_callback=None, multi_args=()):
    if f_init_k is None:
        if ctrl_knd is None:
            ctrl_knd = x_kld
        else:
            if len(ctrl_knd) != len(x_kld):
                raise ValueError("The number of control points in ctrl_knd is different from the number of point sets in x_kld")
        f_k = []
        # intitalize z from independent optimizations
        f_k = []
        for (x_ld, p_td, ctrl_nd) in zip(x_kld, p_ktd, ctrl_knd):
            n, d = ctrl_nd.shape
            f = tps_l2(x_ld, y_md, ctrl_nd=ctrl_nd, n_iter=n_iter, opt_iter=opt_iter, reg_init=reg_init, reg_final=reg_final, rad_init=rad_init, rad_final=rad_final, rot_reg=rot_reg, callback=callback, args=args)
            f_k.append(f)
    else:  
        if len(f_init_k) != len(x_kld):
            raise ValueError("The number of ThinPlateSplines in f_init_k is different from the number of point sets in x_kld")
        f_k = f_init_k
    z_knd = multi_tps_to_params(f_k)

    # put together matrix for computing sum of variances
    L_ktkn = compute_sum_var_matrix(f_k, p_ktd, w_t=w_t)

    if multi_callback is not None:
        multi_callback(f_k, y_md, p_ktd, *multi_args)

    def opt_multi_callback(z_knd):
        params_to_multi_tps(z_knd, f_k)
        multi_callback(f_k, y_md, p_ktd, *multi_args)

    res = so.fmin_l_bfgs_b(pairwise_tps_l2_cov_obj, z_knd, None, args=(f_k, y_md, p_ktd, rad_final, reg_final, rot_reg, cov_coef, L_ktkn, w_t), maxfun=opt_iter, 
                           callback=opt_multi_callback if multi_callback is not None else None)
    z_knd = res[0]

    f_k = params_to_multi_tps(z_knd, f_k)
    if multi_callback is not None:
        multi_callback(f_k, y_md, p_ktd, *multi_args)

    return f_k
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  Source code for lfd.registration.solver

from __future__ import division

import numpy as np
import tps
import os.path
from joblib import Memory

import lfd.registration
if lfd.registration._has_cuda:
    import pycuda.gpuarray as gpuarray
    import pycuda.driver as drv
    import scikits.cuda.linalg as culinalg
    from lfd.tpsopt.culinalg_exts import gemm, geam

[docs]class TpsSolver(object):
    """
    Fits thin plate spline to data using precomputed matrix products
    """
    def __init__(self, N, QN, NKN, NRN, NR, x_nd, K_nn, rot_coef):
        self.rot_coef = rot_coef
        self.n, self.d  = x_nd.shape
        self.N          = N
        self.QN         = QN        
        self.NKN        = NKN
        self.NRN        = NRN
        self.NR         = NR
        self.x_nd       = x_nd
        self.K_nn       = K_nn
    
[docs]    def solve(self, wt_n, y_nd, bend_coef, f_res):
        raise NotImplementedError




[docs]class TpsSolverFactory(object):
    def __init__(self, use_cache=True, cachedir=None):
        """Inits TpsSolverFactory
        
        Args:
            use_cache: whether to cache solver matrices in file
            cache_dir: cached directory. if not specified, the .cache directory in parent directory of top-level package is used.
        """
        if use_cache:
            if cachedir is None:
                # .cache directory in parent directory of top-level package
                cachedir = os.path.join(__import__(__name__.split('.')[0]).__path__[0], os.path.pardir, ".cache")
            memory = Memory(cachedir=cachedir, verbose=0)
            self.get_solver_mats = memory.cache(self.get_solver_mats)
    
[docs]    def get_solver_mats(self, x_nd, rot_coef):
        """Precomputes several of the matrix products needed to fit a TPS exactly.
        A TPS is fit by solving the system:
        N'(Q'WQ + b K + R)N z = -N'(Q'W'y + N'R)
        x = Nz
        where K and R are padded with zeros appropriately.
        
        Returns:
            N, QN, N'KN, N'RN N'R
        """
        raise NotImplementedError
    

[docs]    def get_solver(self, x_nd, rot_coef):
        raise NotImplementedError




[docs]class CpuTpsSolver(TpsSolver):
    def __init__(self, N, QN, NKN, NRN, NR, x_nd, K_nn, rot_coef):
        super(CpuTpsSolver, self).__init__(N, QN, NKN, NRN, NR, x_nd, K_nn, rot_coef)
    
[docs]    def solve(self, wt_n, y_nd, bend_coef, f_res):
        if y_nd.shape[0] != self.n or y_nd.shape[1] != self.d:
            raise RuntimeError("The dimensions of y_nd doesn't match the dimensions of x_nd")
        WQN = wt_n[:, None] * self.QN
        lhs = self.QN.T.dot(WQN) + bend_coef * self.NKN + self.NRN
        rhs = self.NR + WQN.T.dot(y_nd)
        z = np.linalg.solve(lhs, rhs)
        theta = self.N.dot(z)
        f_res.update(self.x_nd, y_nd, bend_coef, self.rot_coef, wt_n, theta, N=self.N, z=z)




[docs]class CpuTpsSolverFactory(TpsSolverFactory):
    def __init__(self, use_cache=True, cachedir=None):
        super(CpuTpsSolverFactory, self).__init__(use_cache=use_cache, cachedir=cachedir)
    
[docs]    def get_solver_mats(self, x_nd, rot_coef):
        n,d = x_nd.shape
        K_nn = tps.tps_kernel_matrix(x_nd)
        
        _u,_s,_vh = np.linalg.svd(np.c_[np.ones((n,1)), x_nd])
        N = np.eye(n+d+1, n)
        N[d+1:, d+1:] = _u[:, d+1:]
        NR = N[1:1+d,:].T * rot_coef
        
        KN = K_nn.dot(N[1+d:,:])
        QN = np.c_[np.ones((n, 1)), x_nd].dot(N[:1+d,:]) + KN
        
        NKN = (N[1+d:,:].T).dot(KN)
        NRN = NR.dot(N[1:1+d,:])
        return N, QN, NKN, NRN, NR, K_nn
    

[docs]    def get_solver(self, x_nd, rot_coef):
        N, QN, NKN, NRN, NR, K_nn = self.get_solver_mats(x_nd, rot_coef)
        return CpuTpsSolver(N, QN, NKN, NRN, NR, x_nd, K_nn, rot_coef)




[docs]class GpuTpsSolver(TpsSolver):
    def __init__(self, N, QN, NKN, NRN, NR, x_nd, K_nn, rot_coef):
        if not lfd.registration._has_cuda:
            raise NotImplementedError("CUDA not installed")
        super(GpuTpsSolver, self).__init__(N, QN, NKN, NRN, NR, x_nd, K_nn, rot_coef)
        # the GPU cho_solve requires matrices to be f-contiguous when rhs is a matrix
        self.QN = self.QN.copy(order='F')
        self.sqrtWQN_gpu = gpuarray.empty(self.QN.shape, np.float64, order='F')
        self.NKN_gpu = gpuarray.to_gpu(self.NKN.copy(order='F'))
        self.NRN_gpu = gpuarray.to_gpu(self.NRN.copy(order='F'))
        self.lhs_gpu = gpuarray.empty(self.NKN_gpu.shape, np.float64, order='F')
        self.QN_gpu = gpuarray.to_gpu(self.QN)
        self.NR_gpu = gpuarray.to_gpu(self.NR.copy(order='F'))
        self.y_dnW_gpu = gpuarray.empty(self.x_nd.T.shape, np.float64, order='F')
        self.rhs_gpu = gpuarray.empty(self.NR_gpu.shape, np.float64, order='F')
        if lfd.registration._has_cula:
            self.N_gpu = gpuarray.to_gpu(self.N.copy(order='F'))
            self.theta_gpu = gpuarray.empty((1+self.d+self.n, self.d), np.float64, order='F')
        else:
            self.N_gpu = None
            self.theta_gpu = None
    
[docs]    def solve(self, wt_n, y_nd, bend_coef, f_res):
        if y_nd.shape[0] != self.n or y_nd.shape[1] != self.d:
            raise RuntimeError("The dimensions of y_nd doesn't match the dimensions of x_nd")
        if not y_nd.flags.c_contiguous:
            raise RuntimeError("Expected y_nd to be c-contiguous but it isn't")
        self.sqrtWQN_gpu.set_async(np.sqrt(wt_n)[:,None] * self.QN)
        geam(self.NKN_gpu, self.NRN_gpu, self.lhs_gpu, alpha=bend_coef, beta=1)
        gemm(self.sqrtWQN_gpu, self.sqrtWQN_gpu, self.lhs_gpu, transa='T', alpha=1, beta=1)

        drv.memcpy_dtod_async(self.rhs_gpu.gpudata, self.NR_gpu.gpudata, self.rhs_gpu.nbytes)
        self.y_dnW_gpu.set_async(y_nd.T * wt_n) # use transpose so that it is f_contiguous
        gemm(self.QN_gpu, self.y_dnW_gpu, self.rhs_gpu, transa='T', transb='T', alpha=1, beta=1)
        
        if lfd.registration._has_cula:
            culinalg.cho_solve(self.lhs_gpu, self.rhs_gpu)
            z = self.rhs_gpu.get()
            culinalg.dot(self.N_gpu, self.rhs_gpu, out=self.theta_gpu)
            theta = self.theta_gpu.get()
        else: # if cula is not install perform the last two computations in the CPU
            z = np.linalg.solve(self.lhs_gpu.get(), self.rhs_gpu.get())
            theta = self.N.dot(z)
        f_res.update(self.x_nd, y_nd, bend_coef, self.rot_coef, wt_n, theta, N=self.N, z=z)




[docs]class GpuTpsSolverFactory(TpsSolverFactory):
    def __init__(self, use_cache=True, cachedir=None):
        if not lfd.registration._has_cuda:
            raise NotImplementedError("CUDA not installed")
        super(GpuTpsSolverFactory, self).__init__(use_cache=use_cache, cachedir=cachedir)
    
[docs]    def get_solver_mats(self, x_nd, rot_coef):
        n,d = x_nd.shape
        K_nn = tps.tps_kernel_matrix(x_nd)

        _u,_s,_vh = np.linalg.svd(np.c_[np.ones((n,1)), x_nd])
        N = np.eye(n+d+1, n)
        N[d+1:, d+1:] = _u[:, d+1:]
        NR = (N[1:1+d,:].T * rot_coef).copy() # so that it is c-contiguous
        
        N_gpu = gpuarray.to_gpu(N[1+d:,:])
        K_gpu = gpuarray.to_gpu(K_nn)
        KN_gpu = culinalg.dot(K_gpu, N_gpu)
        QN = np.c_[np.ones((n, 1)), x_nd].dot(N[:1+d,:]) + KN_gpu.get()
        
        NKN_gpu = culinalg.dot(N_gpu, KN_gpu, transa='T')
        NKN = NKN_gpu.get()
        
        NRN = NR.dot(N[1:1+d,:])
        return N, QN, NKN, NRN, NR, K_nn
    

[docs]    def get_solver(self, x_nd, rot_coef):
        N, QN, NKN, NRN, NR, K_nn = self.get_solver_mats(x_nd, rot_coef)
        return GpuTpsSolver(N, QN, NKN, NRN, NR, x_nd, K_nn, rot_coef)




[docs]class AutoTpsSolverFactory(TpsSolverFactory):
    def __new__(cls, *args, **kwargs):
        from lfd.registration import _has_cuda
        if _has_cuda:
            new_instance = object.__new__(GpuTpsSolverFactory, *args, **kwargs)
        else:
            new_instance = object.__new__(CpuTpsSolverFactory, *args, **kwargs)
        return new_instance
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  Source code for lfd.registration.transformation

"""
Register point clouds to each other


arrays are named like name_abc
abc are subscripts and indicate the what that tensor index refers to

index name conventions:
    m: test point index
    n: training point index
    a: input coordinate
    g: output coordinate
    d: gripper coordinate
"""

from __future__ import division
import numpy as np
from lfd.rapprentice import svds, math_utils

[docs]class Transformation(object):
    """
    Object oriented interface for transformations R^d -> R^d
    """
[docs]    def transform_points(self, x_ma):
        raise NotImplementedError

[docs]    def compute_jacobian(self, x_ma):
        raise NotImplementedError        


[docs]    def transform_vectors(self, x_ma, v_ma):
        grad_mga = self.compute_jacobian(x_ma)
        return np.einsum('ijk,ik->ij', grad_mga, v_ma) # matrix multiply each jac with each vector


[docs]    def transform_bases(self, x_ma, rot_mad, orthogonalize=True, orth_method = "cross"):
        """
        orthogonalize: none, svd, qr
        """

        grad_mga = self.compute_jacobian(x_ma)
        newrot_mgd = np.array([grad_ga.dot(rot_ad) for (grad_ga, rot_ad) in zip(grad_mga, rot_mad)])


        if orthogonalize:
            if orth_method == "qr": 
                newrot_mgd =  orthogonalize3_qr(newrot_mgd)
            elif orth_method == "svd":
                newrot_mgd = orthogonalize3_svd(newrot_mgd)
            elif orth_method == "cross":
                newrot_mgd = orthogonalize3_cross(newrot_mgd)
            else: raise Exception("unknown orthogonalization method %s"%orthogonalize)
        return newrot_mgd


[docs]    def transform_hmats(self, hmat_mAD):
        """
        Transform (D+1) x (D+1) homogenius matrices
        """
        hmat_mGD = np.empty_like(hmat_mAD)
        hmat_mGD[:,:3,3] = self.transform_points(hmat_mAD[:,:3,3])
        hmat_mGD[:,:3,:3] = self.transform_bases(hmat_mAD[:,:3,3], hmat_mAD[:,:3,:3])
        hmat_mGD[:,3,:] = np.array([0,0,0,1])
        return hmat_mGD
        

[docs]    def compute_numerical_jacobian(self, x_d, epsilon=0.0001):
        "numerical jacobian"
        if x_d.ndim > 1:
            raise ValueError("x_d needs to be one-dimensional")
        x0 = np.asfarray(x_d)
        f0 = self.transform_points(x0[None,:])[0]
        jac = np.zeros((len(x0), len(f0)))
        dx = np.zeros(len(x0))
        for i in range(len(x0)):
            dx[i] = epsilon
            jac[i] = (self.transform_points((x0+dx)[None,:])[0] - f0) / epsilon
            dx[i] = 0.
        return jac.transpose()



[docs]class Affine(Transformation):
    def __init__(self, lin_ag, trans_g):
        self.lin_ag = lin_ag
        self.trans_g = trans_g
[docs]    def transform_points(self, x_ma):
        return x_ma.dot(self.lin_ag) + self.trans_g[None,:]  

[docs]    def compute_jacobian(self, x_ma):
        return np.repeat(self.lin_ag.T[None,:,:],len(x_ma), axis=0)
        


[docs]class Composition(Transformation):
    def __init__(self, fs):
        "applied from first to last (left to right)"
        self.fs = fs
[docs]    def transform_points(self, x_ma):
        for f in self.fs: x_ma = f.transform_points(x_ma)
        return x_ma

[docs]    def compute_jacobian(self, x_ma):
        grads = []
        for f in self.fs:
            grad_mga = f.compute_jacobian(x_ma)
            grads.append(grad_mga)
            x_ma = f.transform_points(x_ma)
        totalgrad = grads[0]
        for grad in grads[1:]:
            totalgrad = (grad[:,:,:,None] * totalgrad[:,None,:,:]).sum(axis=-2)
        return totalgrad



[docs]def orthogonalize3_cross(mats_n33):
    "turns each matrix into a rotation"

    x_n3 = mats_n33[:,:,0]
    # y_n3 = mats_n33[:,:,1]
    z_n3 = mats_n33[:,:,2]

    znew_n3 = math_utils.normr(z_n3)
    ynew_n3 = math_utils.normr(np.cross(znew_n3, x_n3))
    xnew_n3 = math_utils.normr(np.cross(ynew_n3, znew_n3))

    return np.concatenate([xnew_n3[:,:,None], ynew_n3[:,:,None], znew_n3[:,:,None]],2)


[docs]def orthogonalize3_svd(x_k33):
    u_k33, _s_k3, v_k33 = svds.svds(x_k33)
    return (u_k33[:,:,:,None] * v_k33[:,None,:,:]).sum(axis=2)


[docs]def orthogonalize3_qr(_x_k33):
    raise NotImplementedError
    






          

      

      

    


    
        © Copyright 2014, Alex Lee, Dylan Hadfield-Menell.
      Created using Sphinx 1.3b3.
    

  

_images/math/93e9829126220473aae6bcb35cb04326b07de9a4.png





_modules/lfd/demonstration/demonstration.html


    
      Navigation


      
        		
          index


        		
          modules |


        		lfd 0.0.1 documentation »


          		Module code »

 
      


    


    
      
          
            
  Source code for lfd.demonstration.demonstration

from __future__ import division

import numpy as np
from lfd.rapprentice import ropesim, resampling
from lfd.rapprentice import math_utils as mu
from lfd.environment import sim_util # TODO fold in sim_util function into LfdEnvironment

[docs]class Demonstration(object):
    def __init__(self, name, scene_state, aug_traj):
        """Inits Demonstration
        
        Args:
            name: demonstration name, which is the same as the ones used for indexing the demonstrations
            scene_state: demonstration SceneState
            aug_traj: demonstration AugmentedTrajectory. Only lr2ee_traj and lr2finger_traj are required for the demonstration AugmentedTrajectory. If lr2arm_traj is specified, it might be used for initializing the trajectory optimization.
        """
        self.name = name
        self.scene_state = scene_state
        if aug_traj is not None:
            assert aug_traj.lr2ee_traj is not None
            assert aug_traj.lr2finger_traj is not None
        self.aug_traj = aug_traj
    
    def __repr__(self):
        return "%s(%s, %s, %s)" % (self.__class__.__name__, self.name, self.scene_state.__repr__(), self.aug_traj.__repr__())



[docs]class SceneState(object):
    ids = set()
    def __init__(self, full_cloud, id=None, full_color=None, downsample_size=0):
        """Inits SceneState
        
        Args:
            full_cloud: full (i.e. not downsampled) cloud
            id: unique id for this SceneState
            full_color: colors for the respective points of full_cloud. Should have the same dimensions as full_cloud
            downsample_size: if downsample_size is positive, the full cloud and color are downsampled to a voxel size of downsample_size, else they are not downsampled
        """
        self.full_cloud = full_cloud
        self.full_color = full_color
        if downsample_size > 0:
            global clouds
            from lfd.rapprentice import clouds
            if full_color is not None:
                cloud_color = clouds.downsample(np.c_[full_cloud, full_color], downsample_size)
                self.cloud = cloud_color[:,:3]
                self.color = cloud_color[:,3:]
            else:
                self.cloud = clouds.downsample(full_cloud, downsample_size)
                self.color = None
        else:
            self.cloud = full_cloud
            self.color = full_color
        if id is None:
            self.id = SceneState.get_unique_id()
        else:
            self.id = id

    @staticmethod
[docs]    def get_unique_id():
        id = len(SceneState.ids)
        assert id not in SceneState.ids
        SceneState.ids.add(id)
        return id
    

    def __repr__(self):
        return "%s(..., id=%i)" % (self.__class__.__name__, self.id)


[docs]class GroundTruthRopeSceneState(SceneState):
    def __init__(self, rope_nodes, radius, upsample=0, upsample_rad=1, downsample_size=0):
        full_cloud = ropesim.observe_cloud(rope_nodes, radius, upsample=upsample, upsample_rad=upsample_rad)
        super(GroundTruthRopeSceneState, self).__init__(full_cloud, downsample_size=downsample_size)
        self.rope_nodes = rope_nodes
        self.crossing_info = None #TODO: optionally compute/load cached crossing_info


[docs]class AugmentedTrajectory(object):
    def __init__(self, lr2arm_traj=None, lr2finger_traj=None, lr2ee_traj=None, lr2open_finger_traj=None, lr2close_finger_traj=None):
        """Inits AugmentedTrajectory
        
        Args:
            lr2arm_traj: dict that maps from 'l' and/or 'r' to the left arm's and/or right arm's joint angle trajectory
            lr2finger_traj: dict that maps to the left gripper's and/or right gripper's finger joint angle trajectory
            lr2ee_traj: dict that maps to the left gripper's and/or right gripper's end-effector trajectory (i.e. a numpy.array of homogeneous matrices)
            lr2open_finger_traj: dict that maps to a boolean vector indicating whether there is a opening action for the left gripper and/or right gripper for every time step. By default, there is no action for all time steps.
            lr2close_finger_traj: same as lr2open_finger_traj but for closing action
        """
        # make sure all trajs have the same number of steps
        self.n_steps = None
        for lr2traj in [lr2arm_traj, lr2finger_traj, lr2ee_traj, lr2open_finger_traj, lr2close_finger_traj]:
            if lr2traj is None:
                continue
            for lr in lr2traj.keys():
                if self.n_steps is None:
                    self.n_steps = lr2traj[lr].shape[0]
                else:
                    assert lr2traj[lr].shape[0] == self.n_steps

        if lr2arm_traj is None:
            self.lr2arm_traj = {}
        else:
            self.lr2arm_traj = lr2arm_traj
        
        if lr2finger_traj is None:
            self.lr2finger_traj = {}
        else:
            self.lr2finger_traj = lr2finger_traj
        
        if lr2ee_traj is None:
            self.lr2ee_traj = {}
        else:
            self.lr2ee_traj = lr2ee_traj
        
        if lr2open_finger_traj is None:
            self.lr2open_finger_traj = {}
            for lr in 'lr':
                self.lr2open_finger_traj[lr] = np.zeros(self.n_steps, dtype=bool)
        else:
            self.lr2open_finger_traj = lr2open_finger_traj
        if lr2close_finger_traj is None:
            self.lr2close_finger_traj = {}
            for lr in 'lr':
                self.lr2close_finger_traj[lr] = np.zeros(self.n_steps, dtype=bool)
        else:
            self.lr2close_finger_traj = lr2close_finger_traj
    
    def __eq__(self, other):
        if isinstance(other, self.__class__):
            for (lr2traj, other_lr2traj) in [(self.lr2arm_traj, other.lr2arm_traj), (self.lr2finger_traj, other.lr2finger_traj),
                                             (self.lr2ee_traj, other.lr2ee_traj),
                                             (self.lr2open_finger_traj, other.lr2open_finger_traj), (self.lr2close_finger_traj, other.lr2close_finger_traj)]:
                if lr2traj is None:
                    if other_lr2traj is None:
                        continue
                    else:
                        return False
                if set(lr2traj.keys()) != set(other_lr2traj.keys()):
                    return False
                for lr in lr2traj.keys():
                    if np.any(lr2traj[lr] != other_lr2traj[lr]):
                        return False
            return True
        else:
            return False
    
    def __ne__(self, other):
        return not self.__eq__(other)
    
    @staticmethod
[docs]    def create_from_full_traj(robot, full_traj, lr2open_finger_traj=None, lr2close_finger_traj=None):
        traj, dof_inds = full_traj
        lr2arm_traj = {}
        for lr in 'lr':
            manip_name = {"l":"leftarm", "r":"rightarm"}[lr]
            arm_inds = robot.GetManipulator(manip_name).GetArmIndices()
            if set(arm_inds).intersection(set(dof_inds)):
                if not set(arm_inds).issubset(set(dof_inds)):
                    raise RuntimeError("Cannot create AugmentedTrajectory from incomplete full_traj")
                arm_traj = np.zeros((traj.shape[0], len(arm_inds)))
                for (j,arm_ind) in enumerate(arm_inds):
                    arm_traj[:,j] = traj[:,dof_inds.index(arm_ind)]
                lr2arm_traj[lr] = arm_traj
        lr2finger_traj = {}
        for lr in 'lr':
            finger_ind = robot.GetJointIndex("%s_gripper_l_finger_joint"%lr)
            if finger_ind in dof_inds:
                lr2finger_traj[lr] = traj[:,dof_inds.index(finger_ind)][:,None]
        lr2ee_traj = {}    
        for lr in lr2arm_traj.keys():
            lr2ee_traj[lr] = sim_util.get_ee_traj(robot, lr, lr2arm_traj[lr])
        return AugmentedTrajectory(lr2arm_traj=lr2arm_traj, lr2finger_traj=lr2finger_traj, lr2ee_traj=lr2ee_traj, lr2open_finger_traj=lr2open_finger_traj, lr2close_finger_traj=lr2close_finger_traj)
    

[docs]    def get_full_traj(self, robot):
        """
        TODO: remove sim_util.get_full_traj
        """
        trajs = []
        dof_inds = []
        for lr in 'lr':
            if lr in self.lr2arm_traj:
                arm_traj = self.lr2arm_traj[lr]
                manip_name = {"l":"leftarm", "r":"rightarm"}[lr]
                trajs.append(arm_traj)
                dof_inds.extend(robot.GetManipulator(manip_name).GetArmIndices())
        for lr in 'lr':
            if lr in self.lr2finger_traj:
                finger_traj = self.lr2finger_traj[lr]
                trajs.append(finger_traj)
                dof_inds.append(robot.GetJointIndex("%s_gripper_l_finger_joint"%lr))
        if len(trajs) > 0:
            full_traj = (np.concatenate(trajs, axis=1), dof_inds)
        else:
            full_traj = (np.zeros((0,0)), [])
        return full_traj
    

[docs]    def get_resampled_traj(self, timesteps_rs):
        lr2arm_traj_rs = None if self.lr2arm_traj is None else {}
        lr2finger_traj_rs = None if self.lr2finger_traj is None else {}
        for (lr2traj_rs, self_lr2traj) in [(lr2arm_traj_rs, self.lr2arm_traj), (lr2finger_traj_rs, self.lr2finger_traj)]:
            if self_lr2traj is None:
                continue
            for lr in self_lr2traj.keys():
                lr2traj_rs[lr] = mu.interp2d(timesteps_rs, np.arange(len(self_lr2traj[lr])), self_lr2traj[lr])

        if self.lr2ee_traj is None:
            lr2ee_traj_rs = None
        else:
            lr2ee_traj_rs = {}
            for lr in self.lr2ee_traj.keys():
                lr2ee_traj_rs[lr] = np.asarray(resampling.interp_hmats(timesteps_rs, np.arange(len(self.lr2ee_traj[lr])), self.lr2ee_traj[lr]))
        
        lr2open_finger_traj_rs = None if self.lr2open_finger_traj is None else {}
        lr2close_finger_traj_rs = None if self.lr2close_finger_traj is None else {}
        for (lr2oc_finger_traj_rs, self_lr2oc_finger_traj) in [(lr2open_finger_traj_rs, self.lr2open_finger_traj), (lr2close_finger_traj_rs, self.lr2close_finger_traj)]:
            if self_lr2oc_finger_traj is None:
                continue
            for lr in self_lr2oc_finger_traj.keys():
                self_oc_finger_traj = self_lr2oc_finger_traj[lr]
                self_oc_inds = np.where(self_oc_finger_traj)[0]
                oc_inds_rs = np.abs(timesteps_rs[:,None] - self_oc_inds[None,:]).argmin(axis=0)
                oc_finger_traj_rs = np.zeros(len(timesteps_rs), dtype=bool)
                oc_finger_traj_rs[oc_inds_rs] = True
                lr2oc_finger_traj_rs[lr] = oc_finger_traj_rs
        
        return AugmentedTrajectory(lr2arm_traj=lr2arm_traj_rs, lr2finger_traj=lr2finger_traj_rs, lr2ee_traj=lr2ee_traj_rs, lr2open_finger_traj=lr2open_finger_traj_rs, lr2close_finger_traj=lr2close_finger_traj_rs)
    

    def __repr__(self):
        return "%s(...)" % (self.__class__.__name__)
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  Source code for lfd.transfer.transfer

from __future__ import division

import settings
import numpy as np
from lfd.demonstration import demonstration
from lfd.environment import sim_util
from lfd.transfer import planning

[docs]class TrajectoryTransferer(object):
    def __init__(self, sim, 
                 beta_pos=settings.BETA_POS, 
                 gamma=settings.GAMMA, 
                 use_collision_cost=settings.USE_COLLISION_COST, 
                 init_trajectory_transferer=None):
        """Inits TrajectoryTransferer
        
        Args:
            sim: StaticSimulation
            beta_pos: penalty coefficient for gripper positions
            gamma: penalty coefficient for joint velocities
            use_collision_cost: if False, collisions are ignored
            init_trajectory_transferer: TrajectoryTransferer used to get a trajectory for initializing the optimization
        """
        self.sim = sim
        self.beta_pos = beta_pos
        self.gamma = gamma
        self.use_collision_cost = use_collision_cost
        self.init_trajectory_transferer = init_trajectory_transferer
    
[docs]    def transfer(self, reg, demo, plotting=False):
        """Transfers demonstration trajectory using the given registration
        
        Args:
            reg: Registration of the demonstration scene onto the test scene
            demo: Demonstration that has the trajectory to transfer
            plotting: if True, visualization is plotted. The color convention is as follows:
                Red:    demonstration
                Yellow: resampled demonstration
                Green:  transformed resampled demonstration
                Blue:   test
        
        Returns:
            The transferred AugmentedTrajectory
        """
        raise NotImplementedError



[docs]class PoseTrajectoryTransferer(TrajectoryTransferer):
    def __init__(self, sim, 
                 beta_pos=settings.BETA_POS, 
                 beta_rot=settings.BETA_ROT, 
                 gamma=settings.GAMMA, 
                 use_collision_cost=settings.USE_COLLISION_COST, 
                 init_trajectory_transferer=None):
        super(PoseTrajectoryTransferer, self).__init__(sim, beta_pos, gamma, use_collision_cost, init_trajectory_transferer=init_trajectory_transferer)
        self.beta_rot = beta_rot
        
[docs]    def transfer(self, reg, demo, plotting=False):
        handles = []
        if plotting:
            demo_cloud = demo.scene_state.cloud
            test_cloud = reg.test_scene_state.cloud
            demo_color = demo.scene_state.color
            test_color = reg.test_scene_state.color
            handles.append(self.sim.env.plot3(demo_cloud[:,:3], 2, demo_color if demo_color is not None else (1,0,0)))
            handles.append(self.sim.env.plot3(test_cloud[:,:3], 2, test_color if test_color is not None else (0,0,1)))
            self.sim.viewer.Step()
        
        active_lr = ""
        for lr in 'lr':
            if lr in demo.aug_traj.lr2arm_traj and sim_util.arm_moved(demo.aug_traj.lr2arm_traj[lr]):
                active_lr += lr
        _, timesteps_rs = sim_util.unif_resample(np.c_[(1./settings.JOINT_LENGTH_PER_STEP) * np.concatenate([demo.aug_traj.lr2arm_traj[lr] for lr in active_lr], axis=1), 
                                                       (1./settings.FINGER_CLOSE_RATE) * np.concatenate([demo.aug_traj.lr2finger_traj[lr] for lr in active_lr], axis=1)], 
                                                 1.)
        demo_aug_traj_rs = demo.aug_traj.get_resampled_traj(timesteps_rs)

        if self.init_trajectory_transferer:
            warm_init_traj = self.init_trajectory_transferer.transfer(reg, demo, plotting=plotting)

        manip_name = ""
        ee_link_names = []
        transformed_ee_trajs_rs = []
        init_traj = np.zeros((len(timesteps_rs),0))
        for lr in active_lr:
            arm_name = {"l":"leftarm", "r":"rightarm"}[lr]
            ee_link_name = "%s_gripper_tool_frame"%lr
            
            if manip_name:
                manip_name += "+"
            manip_name += arm_name
            ee_link_names.append(ee_link_name)
            
            if self.init_trajectory_transferer:
                init_traj = np.c_[init_traj, warm_init_traj.lr2arm_traj[lr]]
            else:
                init_traj = np.c_[init_traj, demo_aug_traj_rs.lr2arm_traj[lr]]
            
            transformed_ee_traj_rs = reg.f.transform_hmats(demo_aug_traj_rs.lr2ee_traj[lr])
            transformed_ee_trajs_rs.append(transformed_ee_traj_rs)
            
            if plotting:
                handles.append(self.sim.env.drawlinestrip(demo.aug_traj.lr2ee_traj[lr][:,:3,3], 2, (1,0,0)))
                handles.append(self.sim.env.drawlinestrip(demo_aug_traj_rs.lr2ee_traj[lr][:,:3,3], 2, (1,1,0)))
                handles.append(self.sim.env.drawlinestrip(transformed_ee_traj_rs[:,:3,3], 2, (0,1,0)))
                self.sim.viewer.Step()
        
        if not self.init_trajectory_transferer:
            # modify the shoulder joint angle of init_traj to be the limit (highest arm) because this usually gives a better local optima (but this might not be the right thing to do)
            dof_inds = sim_util.dof_inds_from_name(self.sim.robot, manip_name)
            joint_ind = self.sim.robot.GetJointIndex("%s_shoulder_lift_joint"%lr)
            init_traj[:,dof_inds.index(joint_ind)] = self.sim.robot.GetDOFLimits([joint_ind])[0][0]

        print "planning pose trajectory following"
        test_traj, obj_value, pose_errs = planning.plan_follow_trajs(self.sim.robot, manip_name, ee_link_names, transformed_ee_trajs_rs, init_traj, 
                                                                       start_fixed=False,
                                                                       use_collision_cost=self.use_collision_cost,
                                                                       beta_pos=self.beta_pos, beta_rot=self.beta_rot)

        # the finger trajectory is the same for the demo and the test trajectory
        for lr in active_lr:
            finger_name = "%s_gripper_l_finger_joint"%lr
            manip_name += "+" + finger_name
            test_traj = np.c_[test_traj, demo_aug_traj_rs.lr2finger_traj[lr]]

        full_traj = (test_traj, sim_util.dof_inds_from_name(self.sim.robot, manip_name))
        test_aug_traj = demonstration.AugmentedTrajectory.create_from_full_traj(self.sim.robot, full_traj, lr2open_finger_traj=demo_aug_traj_rs.lr2open_finger_traj, lr2close_finger_traj=demo_aug_traj_rs.lr2close_finger_traj)
        
        if plotting:
            for lr in active_lr:
                handles.append(self.sim.env.drawlinestrip(test_aug_traj.lr2ee_traj[lr][:,:3,3], 2, (0,0,1)))
            self.sim.viewer.Step()
        
        return test_aug_traj



[docs]class FingerTrajectoryTransferer(TrajectoryTransferer):
    def __init__(self, sim, 
                 beta_pos=settings.BETA_POS, 
                 gamma=settings.GAMMA, 
                 use_collision_cost=settings.USE_COLLISION_COST, 
                 init_trajectory_transferer=None):
        super(FingerTrajectoryTransferer, self).__init__(sim, beta_pos, gamma, use_collision_cost, init_trajectory_transferer=init_trajectory_transferer)

[docs]    def transfer(self, reg, demo, plotting=False):
        handles = []
        if plotting:
            demo_cloud = demo.scene_state.cloud
            test_cloud = reg.test_scene_state.cloud
            demo_color = demo.scene_state.color
            test_color = reg.test_scene_state.color
            handles.append(self.sim.env.plot3(demo_cloud[:,:3], 2, demo_color if demo_color is not None else (1,0,0)))
            handles.append(self.sim.env.plot3(test_cloud[:,:3], 2, test_color if test_color is not None else (0,0,1)))
            self.sim.viewer.Step()
        
        active_lr = ""
        for lr in 'lr':
            if lr in demo.aug_traj.lr2arm_traj and sim_util.arm_moved(demo.aug_traj.lr2arm_traj[lr]):
                active_lr += lr
        _, timesteps_rs = sim_util.unif_resample(np.c_[(1./settings.JOINT_LENGTH_PER_STEP) * np.concatenate([demo.aug_traj.lr2arm_traj[lr] for lr in active_lr], axis=1), 
                                                       (1./settings.FINGER_CLOSE_RATE) * np.concatenate([demo.aug_traj.lr2finger_traj[lr] for lr in active_lr], axis=1)], 
                                                 1.)
        demo_aug_traj_rs = demo.aug_traj.get_resampled_traj(timesteps_rs)

        if self.init_trajectory_transferer:
            warm_init_traj = self.init_trajectory_transferer.transfer(reg, demo, plotting=plotting)
        
        manip_name = ""
        flr2finger_link_names = []
        flr2transformed_finger_pts_trajs_rs = []
        init_traj = np.zeros((len(timesteps_rs),0))
        for lr in active_lr:
            arm_name = {"l":"leftarm", "r":"rightarm"}[lr]
            finger_name = "%s_gripper_l_finger_joint"%lr
            
            if manip_name:
                manip_name += "+"
            manip_name += arm_name + "+" + finger_name
            
            if self.init_trajectory_transferer:
                init_traj = np.c_[init_traj, warm_init_traj.lr2arm_traj[lr], warm_init_traj.lr2finger_traj[lr]]
            else:
                init_traj = np.c_[init_traj, demo_aug_traj_rs.lr2arm_traj[lr], demo_aug_traj_rs.lr2finger_traj[lr]]
            
            if plotting:
                handles.append(self.sim.env.drawlinestrip(demo.aug_traj.lr2ee_traj[lr][:,:3,3], 2, (1,0,0)))
                handles.append(self.sim.env.drawlinestrip(demo_aug_traj_rs.lr2ee_traj[lr][:,:3,3], 2, (1,1,0)))
                transformed_ee_traj_rs = reg.f.transform_hmats(demo_aug_traj_rs.lr2ee_traj[lr])
                handles.append(self.sim.env.drawlinestrip(transformed_ee_traj_rs[:,:3,3], 2, (0,1,0)))
                self.sim.viewer.Step()

            flr2demo_finger_pts_traj_rs = sim_util.get_finger_pts_traj(self.sim.robot, lr, (demo_aug_traj_rs.lr2ee_traj[lr], demo_aug_traj_rs.lr2finger_traj[lr]))
            
            flr2transformed_finger_pts_traj_rs = {}
            flr2finger_link_name = {}
            flr2finger_rel_pts = {}
            for finger_lr in 'lr':
                flr2transformed_finger_pts_traj_rs[finger_lr] = reg.f.transform_points(np.concatenate(flr2demo_finger_pts_traj_rs[finger_lr], axis=0)).reshape((-1,4,3))
                flr2finger_link_name[finger_lr] = "%s_gripper_%s_finger_tip_link"%(lr,finger_lr)
                flr2finger_rel_pts[finger_lr] = sim_util.get_finger_rel_pts(finger_lr)
            flr2finger_link_names.append(flr2finger_link_name)
            flr2transformed_finger_pts_trajs_rs.append(flr2transformed_finger_pts_traj_rs)
            
            if plotting:
                handles.extend(sim_util.draw_finger_pts_traj(self.sim, flr2demo_finger_pts_traj_rs, (1,1,0)))
                handles.extend(sim_util.draw_finger_pts_traj(self.sim, flr2transformed_finger_pts_traj_rs, (0,1,0)))
                self.sim.viewer.Step()
        
        if not self.init_trajectory_transferer:
            # modify the shoulder joint angle of init_traj to be the limit (highest arm) because this usually gives a better local optima (but this might not be the right thing to do)
            dof_inds = sim_util.dof_inds_from_name(self.sim.robot, manip_name)
            joint_ind = self.sim.robot.GetJointIndex("%s_shoulder_lift_joint"%lr)
            init_traj[:,dof_inds.index(joint_ind)] = self.sim.robot.GetDOFLimits([joint_ind])[0][0]
        
        print "planning finger trajectory following"
        test_traj, obj_value, rel_pts_costs = planning.plan_follow_finger_pts_trajs(self.sim.robot, manip_name, 
                                                                              flr2finger_link_names, flr2finger_rel_pts, 
                                                                              flr2transformed_finger_pts_trajs_rs, init_traj, 
                                                                              use_collision_cost=self.use_collision_cost,
                                                                              start_fixed=False,
                                                                              beta_pos=self.beta_pos, gamma=self.gamma)

        full_traj = (test_traj, sim_util.dof_inds_from_name(self.sim.robot, manip_name))
        test_aug_traj = demonstration.AugmentedTrajectory.create_from_full_traj(self.sim.robot, full_traj, lr2open_finger_traj=demo_aug_traj_rs.lr2open_finger_traj, lr2close_finger_traj=demo_aug_traj_rs.lr2close_finger_traj)
        
        if plotting:
            for lr in active_lr:
                handles.append(self.sim.env.drawlinestrip(test_aug_traj.lr2ee_traj[lr][:,:3,3], 2, (0,0,1)))
                flr2test_finger_pts_traj = sim_util.get_finger_pts_traj(self.sim.robot, lr, full_traj)
                handles.extend(sim_util.draw_finger_pts_traj(self.sim, flr2test_finger_pts_traj, (0,0,1)))
            self.sim.viewer.Step()
        
        return test_aug_traj
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  Source code for lfd.registration.plotting_openrave

from __future__ import division

from lfd.rapprentice import plotting_openrave

# TODO: rapprentice.plotting_openrave and other openrave plottings should go in this file

[docs]def registration_plot_cb(sim, x_nd, y_md, f):
    if sim.viewer:
        handles = []
        handles.append(sim.env.plot3(x_nd, 5, (1,0,0)))
        handles.append(sim.env.plot3(y_md, 5, (0,0,1)))
        xwarped_nd = f.transform_points(x_nd)
        handles.append(sim.env.plot3(xwarped_nd, 5, (0,1,0)))
        handles.extend(plotting_openrave.draw_grid(sim.env, f.transform_points, x_nd.min(axis=0), x_nd.max(axis=0), xres = .1, yres = .1, zres = .04))
        sim.viewer.Step()
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