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Introduction

Imago is a program for automatic processing of Go images. It takes an image (or
a set of images), finds the board-grid and stones and produces an abstract
representation of the game situation (or a game record).

It will supports JPEG, BMP, TIFF (and other) image formats on input. It is
capable of output to ASCII and SGF format. As the process is fully
automatic, the program is operated from command line.
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Installation

Just run make in the imago folder.
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Usage

Go image recognition.

usage: imago [-h] [-w W] [-m] [-d] [-s] [-c] [-S] [-v] [--rng-seed RNG_SEED]
             file [file ...]






	Positional arguments:

	



	
files
	image to analyse






	Options:

	



	
-w=640
	scale image to the specified width before analysis

	
-m=False, --manual=False


		manual grid selection

	
-d=False, --debug=False


		show every step of the computation

	
-s=False, --save=False


		save images instead of displaying them

	
-c=False, --cache=False


		use cached lines

	
-S=False, --sgf=False


		output in SGF

	
-v=False, --verbose=False


		report progress

	
--rng-seed
	Specify random number generator seed, for consistent test results.
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Modules


imago

Go image recognition.


	
imago.main()[source]

	Main function of the program.








hough

Hough transform module.


	
class hough.Hough(size, dt, init_angle)[source]

	Hough transform.

This class stores the parameters of the transformation.


	
angle_distance(point)[source]

	Take a point from the transformed image and return the corresponding
line in the original as (angle, distance) tuple.






	
classmethod default(image)[source]

	Default parameters for Hough transform of the image.






	
lines_from_list(p_list)[source]

	Take a list of transformed points and return a list of corresponding
lines as (angle, distance) tuples.












ransac.py

RANSAC estimation.


	
class ransac.Linear_model(data)[source]

	Linear model for RANSAC.






	
ransac.estimate(data, dist, k, modelClass=<class ransac.Linear_model>, model=None)[source]

	Estimate model from data with RANSAC.






	
ransac.filter_near(data, line, distance)[source]

	Find points in data that are closer than distance to line.






	
ransac.least_squares(data)[source]

	The least squares method.






	
ransac.points_to_line((x1, y1), (x2, y2))[source]

	Take two points, return coefficitiens for line that connects them.








geometry

Imago geometry module.


	
class geometry.V(x, y)[source]

	Class for vector manipulation.






	
geometry.intersection(p, q)[source]

	Return intersection of two lines.






	
geometry.l2ad((a, b), size)[source]

	Represent line as (angle, distance).

Take a line (represented by two points) and image size.
Return the line represented by its angle and distance
from the center of the image.






	
geometry.line(x, y)[source]

	Given two points x and y, compute the line joining them.

x and y are 2-tuples of the (x, y) coordinates of the points.

The function returns a 3-tuple (a, b, c) such that the line through
the points x and y is described by the equation ax + by = c .








filters

Image filters module.

All filters return a filtered copy of the image, the original image is
preserved.


	
filters.color_enhance(image)[source]

	Stretch all color channels to their full range.






	
filters.edge_detection(image)[source]

	Edge detection (on BW images).






	
filters.high_pass(image, height)[source]

	High pass filter (on BW images).






	
filters.peaks(image)[source]

	Peak filter (on BW images).








linef

Lines finding module.


	
linef.find_lines(image, show_image, logger)[source]

	Find lines in the image.






	
linef.line_from_angl_dist((angle, distance), size)[source]

	Take angle and distance (from the center of the image) of a line and
size of the image. Return the line represented by two points.






	
linef.transform(image, hough, show_image)[source]

	Produces a simplified Hough transformation of the input image.








gridf_new

Imago grid fitting module

RANSAC inspired method.


	
class gridf_new.Diagonal_model(data)[source]

	Ransac model for finding diagonals.






	
class gridf_new.Line((a, b, c))[source]

	Line with a list of important points that lie on it.

This and the Point class in this module serves to implement a model of
perspective plain – a line has a list of intersections with other lines and
each intersection has two lines that go through it.






	
class gridf_new.Point((x, y))[source]

	Class that represents a point in 2D.






	
gridf_new.dst(p, l)[source]

	Distance from a point to a line.






	
gridf_new.find(lines, size, l1, l2, bounds, hough, show_all, do_something, logger)[source]

	Find the best grid given the lines and size of the image.


	lines: A list containing two lists of lines detected in the image.

	Each list of lines contains lines that are more-or-less parallel
to each other.  The lines in the two lists are more-or-less
perpendicular to each other.



size: A list of (width, height) of the input image, in pixels.

Last three parameters serves for debugging, l1, l2, bounds and hough
are here for compatibility with older version of gridf, so they can be
easily exchanged, tested and compared.






	
gridf_new.gen_corners(d1, d2, min_size)[source]

	Generate candidates on corner positions from the diagonals.






	
gridf_new.intersection((a1, b1, c1), (a2, b2, c2))[source]

	Intersection of two lines, given by coefficients in their equations.






	
gridf_new.plot_line(line, c, size)[source]

	Plot a line with pyplot.








intrsc

Imago intersections module.


	
intrsc.b_intersects(image, lines, show_all, do_something, logger)[source]

	Compute intersections.






	
intrsc.board(image, intersections, show_all, do_something, logger)[source]

	Find stone colors and return board situation.






	
intrsc.dst(line)[source]

	Return normalized line.






	
intrsc.dst_sort(lines)[source]

	Return lines sorted by distance.






	
intrsc.intersections_from_angl_dist(lines, size, get_all=True)[source]

	Take grid-lines and size of the image. Return intersections.






	
intrsc.mean_luma(cluster)[source]

	Return mean luminanace of the cluster of points.






	
intrsc.rgb2lumsat(color)[source]

	Convert RGB to luminance and HSI model saturation.






	
intrsc.stone_color_raw(image, (x, y))[source]

	Given image and coordinates, return stone color.








k_means

K-means module.


	
k_means.centroid(cluster)[source]

	Find the centroid of the cluster.






	
k_means.cluster(k, d, data, i_centers=None)[source]

	Find k clusters on d dimensional data.






	
k_means.delta(c1, c2)[source]

	Find the absolute distance between two lists of points.






	
k_means.nearest(centers, point)[source]

	Find the nearest cluster center for point.






	
k_means.next_step(centers, data)[source]

	Compute new clusters and centers.








manual

Manual grid selection module




output

Imago output module.


	
class output.Board(size, stones)[source]

	Represents the state of the board.


	
addMove(m)[source]

	Add move to the board.






	
asSGFsetPos()[source]

	Returns SGF (set position) representation of the position.






	
getMoveCandidates(board)[source]

	Take the next board in game and return a list of moves that are
new.










	
class output.Game(size, board=None, debug=True)[source]

	Represents a game.


	
addMove(board)[source]

	Add next move to the game.






	
asSGF()[source]

	Return the game representation as SGF string.










	
class output.Move(color, y, x, comment=None)[source]

	Repsresents a move.


	
sgf_coords()[source]

	Return coordinates of the move in SGF.












im_debug

Debugging image display.

This is a simple module that shows images on screen using PyGame.
It is not used anywhere in the standard UI, serves only for debugging.


	
im_debug.show(image, caption='', name=None)[source]

	Initialize PyGame and show the image.








camera

Camera module.

This module handles various backends (different for every OS) for streaming the video from a (web)camera.


	
class camera.Camera(vid=0, res=None)[source]

	Implement basic camera capabilities

This class has different implementations for different OS. On posix
systems it calls to opencv, on Windows to VideoCapture.


	
get_image()[source]

	Get a new image from the camera.












capture

Go image capture.

This module defines a UI for capturing images with a (web)camera and imediately
proccessing them with Imago.


	
class capture.Capture(device, res)[source]

	This object maintains communication between the camera, the PyGame screen
and Imago.


	
auto(interval)[source]

	Take new image every interval seconds.






	
live(q)[source]

	Run live preview on the screen.






	
manual()[source]

	Take images manualy by pressing a key.






	
take()[source]

	Take a new image from the camera.










	
class capture.Screen(res)[source]

	Basic PyGame setup.


	
display_picture(im)[source]

	Display image on PyGame screen.










	
capture.main()[source]

	Parse the argument and setup the UI.








timer

Go timer.

This module defines a UI that combines game clock with automatic game recording.
When player presses the clock, an image of the board is taken. The sequence of
images can later be analysed by Imago to produce a game record in abstract
notation.


	
class timer.Timer(main_time, byop, byot)[source]

	Keeps track of time remaining one player.


	
get_time()[source]

	Return string representation of remaining time.






	
is_running()[source]

	Return True if the clock is running.






	
start()[source]

	Start the clock.






	
stop()[source]

	Stop the clock.










	
timer.main()[source]

	Parse the arguments and run the clock.
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  Source code for camera

"""Camera module.

This module handles various backends (different for every OS) for streaming the video from a (web)camera.
"""

import os

    
import Image
import cv

[docs]class Camera:
    """Implement basic camera capabilities
    
    This class has different implementations for different OS. On posix
    systems it calls to opencv, on Windows to VideoCapture."""
    # TODO what about win 64?
    # TODO why not openCV on win?
    # TODO document VideoCapture as a dependency
    def __init__(self, vid=0, res=None):
        self._cam = cv.CreateCameraCapture(vid)
        if res:
            cv.SetCaptureProperty(self._cam, cv.CV_CAP_PROP_FRAME_WIDTH, res[0])
            cv.SetCaptureProperty(self._cam, cv.CV_CAP_PROP_FRAME_HEIGHT,
                                  res[1])

[docs]    def get_image(self):
        """Get a new image from the camera."""
        for _ in range(5): #HACK TODO document this
            im = cv.QueryFrame(self._cam)
        return Image.frombytes("RGB", cv.GetSize(im), im.tobytes(), "raw",
                                "BGR", 0, 1) 

    
    def __del__(self):
        del self._cam 
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  Source code for im_debug

"""Debugging image display.

This is a simple module that shows images on screen using PyGame.
It is not used anywhere in the standard UI, serves only for debugging.
"""

try:
    import pygame
except ImportError, msg:
    import sys
    print >> sys.stderr, msg
    sys.exit(1)

[docs]def show(image, caption='', name=None):
    """Initialize PyGame and show the *image*."""
    if image.mode != 'RGB':
        image = image.convert('RGB')
    pygame.init()
    if caption:
        caption = "Imago: " + caption
    else:
        caption = "Imago"
    pygame.display.set_caption(caption)
    pygame.display.set_mode(image.size)
    main_surface = pygame.display.get_surface()
    picture = pygame.image.frombuffer(image.tobytes(), image.size, image.mode)
    main_surface.blit(picture, (0, 0))
    pygame.display.update()
    while True:
        events = pygame.event.get()
        for event in events:
            if event.type == pygame.QUIT or event.type == pygame.KEYDOWN:
                pygame.quit()
                return
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  Source code for hough

"""Hough transform module."""

from math import pi

from PIL import Image

import pcf

[docs]class Hough:
    """Hough transform.

    This class stores the parameters of the transformation.
    """
    def __init__(self, size, dt, init_angle):
        self.size = size # this is a tuple (width, height)
        self.dt = dt     # this is the angle step in hough transform
        self.initial_angle = init_angle

    @classmethod
[docs]    def default(cls, image):
        """Default parameters for Hough transform of the *image*."""
        size = image.size
        dt = pi / size[1]
        initial_angle = (pi / 4) + (dt / 2)
        return cls(size, dt, initial_angle)


    def transform(self, image):
        image_s = pcf.hough(self.size, image.tobytes(), self.initial_angle,
                            self.dt)
        image_t = Image.frombytes('L', self.size, image_s)
        return image_t

    def apply_filter(self, filter_f):
        return Hough(self.size, self.dt, self.initial_angle,
                     filter_f(self.image))

[docs]    def lines_from_list(self, p_list):
        """Take a list of transformed points and return a list of corresponding
        lines as (angle, distance) tuples."""
        # TODO! why is distance allways integer?
        lines = []
        for p in p_list:
            lines.append(self.angle_distance(p))
        return lines


    def all_lines_h(self, image):
        # TODO what is this?
        im_l = image.load()
        lines1 = []
        for x in xrange(self.size[0] / 2):
            for y in xrange(self.size[1]):
                if im_l[x, y]:
                    lines1.append(self.angle_distance((x, y)))
        lines2 = []
        for x in xrange(self.size[0] / 2, self.size[0]):
            for y in xrange(self.size[1]):
                if im_l[x, y]:
                    lines2.append(self.angle_distance((x, y)))
        return [lines1, lines2]

    def all_lines(self):
        # TODO what is this? how does it differ from the upper one?
        im_l = self.image.load()
        lines = []
        for x in xrange(self.size[0]):
            for y in xrange(self.size[1]):
                if im_l[x, y]:
                    lines.append(self.angle_distance((x, y)))
        return lines
    
[docs]    def angle_distance(self, point):
        """Take a point from the transformed image and return the corresponding
        line in the original as (angle, distance) tuple."""
        return (self.dt * point[1] + self.initial_angle,
                point[0] - self.size[0] / 2)
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  Source code for imago

#!/usr/bin/env python

"""Go image recognition."""

import sys
import os
import argparse
import pickle
import random

try:
    from PIL import Image, ImageDraw
except ImportError, msg:
    print >> sys.stderr, msg
    sys.exit(1)

import linef
import intrsc
import gridf_new as gridf
import output

def argument_parser():
    parser = argparse.ArgumentParser(description=__doc__)
    parser.add_argument('files', metavar='file', nargs='+',
                        help="image to analyse")
    parser.add_argument('-w', type=int, default=640,
                    help="scale image to the specified width before analysis")
    parser.add_argument('-m', '--manual', dest='manual_mode',
                        action='store_true',
                        help="manual grid selection")
    parser.add_argument('-d', '--debug', dest='show_all',
                        action='store_true',
                        help="show every step of the computation")
    parser.add_argument('-s', '--save', dest='saving', action='store_true',
                        help="save images instead of displaying them")
    parser.add_argument('-c', '--cache', dest='l_cache', action='store_true',
                        help="use cached lines")
    parser.add_argument('-S', '--sgf', dest='sgf_output', action='store_true',
                        help="output in SGF")
    parser.add_argument('-v', '--verbose', dest='verbose', action='store_true',
                        help="report progress")
    parser.add_argument('--rng-seed', dest='rng_seed', help="Specify random number generator seed, for consistent test results.")
    return parser
 

# TODO factor this into smaller functions
[docs]def main():
    """Main function of the program."""
    
    parser = argument_parser()
    args = parser.parse_args()

    show_all = args.show_all
    verbose = args.verbose

    random.seed(args.rng_seed)

    try:
        image = Image.open(args.files[0])
    except IOError, msg:
        print >> sys.stderr, msg
        return 1
    if image.mode == 'P':
        image = image.convert('RGB')
    
    if image.size[0] > args.w:
        image = image.resize((args.w, int((float(args.w)/image.size[0]) *
                              image.size[1])), Image.ANTIALIAS)

    if not show_all:
        def nothing(a, b):
            pass
        do_something = nothing
    elif args.saving:
        do_something = Imsave("saved/" + args.files[0][:-4] + "_" +
                               str(image.size[0]) + "/").save
    else:
        import im_debug
        do_something = im_debug.show

    if verbose:
        import time
        class Logger:
            def __init__(self):
                self.t = 0

            def __call__(self, m):
                t_n = time.time()
                if self.t > 0:
                    print >> sys.stderr, "\t" + str(t_n - self.t)
                print >> sys.stderr, m
                self.t = t_n
        logger = Logger()

    else:
        def logger(m):
            pass
        
    if args.manual_mode:
        import manual
        try:
            lines = manual.find_lines(image)
        except manual.UserQuitError:
            #TODO ask user to try again
            return 1
    else:
        if args.l_cache:
            filename = ("saved/cache/" + args.files[0][:-4] + "_" +
                       str(image.size[0]))
            cache_dir = "/".join(filename.split('/')[:-1])
            if os.path.exists(filename):
                lines, l1, l2, bounds, hough = pickle.load(open(filename))
                print >> sys.stderr, "using cached results"
            else:
                lines, l1, l2, bounds, hough = linef.find_lines(image, do_something, logger)
                if not os.path.isdir(cache_dir):
                    os.makedirs(cache_dir)
                d_file = open(filename, 'wb')
                pickle.dump((lines, l1, l2, bounds, hough), d_file)
                d_file.close()
        else:
            lines, l1, l2, bounds, hough = linef.find_lines(image, do_something, logger)

        grid, lines = gridf.find(lines, image.size, l1, l2, bounds, hough,
                                 show_all, do_something, logger)
        if show_all:
            im_g = image.copy()
            draw = ImageDraw.Draw(im_g)
            for l in grid[0] + grid[1]:
                draw.line(l, fill=(64, 255, 64), width=1)
            do_something(im_g, "grid", name="grid")

    intersections = intrsc.b_intersects(image, lines, show_all, do_something, logger)
    board = intrsc.board(image, intersections, show_all, do_something, logger)

    logger("finished")

    # TODO! refactor this mess:
    if len(args.files) == 1:

        if args.sgf_output:
            print board.asSGFsetPos()
        else:
            print board
    
    else:
        game = output.Game(19, board) #TODO size parameter
        for f in args.files[1:]:
            try:
                image = Image.open(f)
            except IOError, msg:
                print >> sys.stderr, msg
                continue
            if verbose:
                print >> sys.stderr, "Opening", f
            if image.mode == 'P':
                image = image.convert('RGB')
            if image.size[0] > args.w:
                image = image.resize((args.w, int((float(args.w)/image.size[0]) *
                              image.size[1])), Image.ANTIALIAS)
            board = intrsc.board(image, intersections, show_all, do_something, logger)
            if args.sgf_output:
                game.addMove(board)
            else:
                print board

        if args.sgf_output:
            print game.asSGF()

    return 0


class Imsave():
    def __init__(self, saving_dir):
        self.saving_dir = saving_dir
        self.saving_num = 0

    def save(self, image, title='', name=None):
        im_format = ('.png', 'PNG')
        if name:
            filename = self.saving_dir + name + im_format[0]
        else:
            filename = self.saving_dir + "{0:0>3}".format(self.saving_num) + im_format[0]
            self.saving_num += 1
        if not os.path.isdir(self.saving_dir):
            os.makedirs(self.saving_dir)
        image.save(filename, im_format[1])

if __name__ == '__main__':
    try:
        sys.exit(main())
    except KeyboardInterrupt: #TODO does this work?
        print >> sys.stderr, "Interrupted."
        sys.exit(1)





          

      

      

    


    
        © Copyright 2014-2016, Tomáš Musil.
      Created using Sphinx 1.3.5.
    

  

_static/down-pressed.png





_modules/intrsc.html


    
      Navigation


      
        		
          index


        		
          modules |


        		Imago 0.1 documentation »


          		Module code »

 
      


    


    
      
          
            
  Source code for intrsc

"""Imago intersections module."""

from math import cos, tan, pi
from operator import itemgetter
import colorsys

from PIL import ImageDraw

import filters
import k_means
import output
import linef

[docs]def dst(line):
    """Return normalized line."""
    if line[0] < pi / 2:
        line = line[0] + pi, - line[1]
    return line


[docs]def dst_sort(lines):
    """Return lines sorted by distance."""
    l_max = max(l[0] for l in lines)
    l_min = min(l[0] for l in lines)
    if l_max - l_min > (3. / 4) * pi:
        lines = [dst(l) for l in lines]
    lines.sort(key=itemgetter(1))
    return lines


[docs]def b_intersects(image, lines, show_all, do_something, logger):
    """Compute intersections."""
    # TODO refactor show_all, do_something
    # TODO refactor this into smaller functions
    logger("finding the stones")
    lines = [dst_sort(l) for l in lines]
    an0 = (sum([l[0] for l in lines[0]]) / len(lines[0]) - pi / 2)
    an1 = (sum([l[0] for l in lines[1]]) / len(lines[1]) - pi / 2)
    if an0 > an1:
        lines = [lines[1], lines[0]]

    intersections = intersections_from_angl_dist(lines, image.size)

    if show_all:
        image_g = image.copy()
        draw = ImageDraw.Draw(image_g)
        for line in intersections:
            for (x, y) in line:
                draw.point((x , y), fill=(120, 255, 120))
        do_something(image_g, "intersections")

    return intersections


[docs]def board(image, intersections, show_all, do_something, logger):
    """Find stone colors and return board situation."""

#    image_c = filters.color_enhance(image)
#    if show_all:
#        do_something(image_c, "white balance")

    image_c = image
    
    board_raw = []
    
    for line in intersections:
        board_raw.append([stone_color_raw(image_c, intersection) for intersection in
                      line])
    board_raw = sum(board_raw, [])

    ### Show color distribution

    if show_all:
        import matplotlib.pyplot as pyplot
        from PIL import Image
        fig = pyplot.figure(figsize=(8, 6))
        luma = [s[0] for s in board_raw]
        saturation = [s[1] for s in board_raw]
        pyplot.scatter(luma, saturation, 
                       color=[s[2] for s in board_raw])
        pyplot.xlim(0,1)
        pyplot.ylim(0,1)
        fig.canvas.draw()
        size = fig.canvas.get_width_height()
        buff = fig.canvas.tostring_rgb()
        image_p = Image.frombytes('RGB', size, buff, 'raw')
        do_something(image_p, "color distribution")

    color_data = [(s[0], s[1]) for s in board_raw]

    init_x = sum(c[0] for c in color_data) / float(len(color_data))

    clusters, score = k_means.cluster(3, 2,zip(color_data, range(len(color_data))),
                               [[0., 0.5], [init_x, 0.5], [1., 0.5]])

    if show_all:
        fig = pyplot.figure(figsize=(8, 6))
        pyplot.scatter([d[0][0] for d in clusters[0]], [d[0][1] for d in clusters[0]],
                                                 color=(1,0,0,1))
        pyplot.scatter([d[0][0] for d in clusters[1]], [d[0][1] for d in clusters[1]],
                                                 color=(0,1,0,1))
        pyplot.scatter([d[0][0] for d in clusters[2]], [d[0][1] for d in clusters[2]],
                                                 color=(0,0,1,1))
        pyplot.xlim(0,1)
        pyplot.ylim(0,1)
        fig.canvas.draw()
        size = fig.canvas.get_width_height()
        buff = fig.canvas.tostring_rgb()
        image_p = Image.frombytes('RGB', size, buff, 'raw')
        do_something(image_p, "color clustering")

    clusters[0] = [(p[1], 'B') for p in clusters[0]]
    clusters[1] = [(p[1], '.') for p in clusters[1]]
    clusters[2] = [(p[1], 'W') for p in clusters[2]]

    board_rl = sum(clusters, [])
    board_rl.sort()
    board_rg = (p[1] for p in board_rl)
    
    board_r = []

    #TODO 19 should be a size parameter
    try:
        for i in xrange(19):
            for _ in xrange(19):
                board_r.append(board_rg.next())
    except StopIteration:
        pass
    
    return output.Board(19, board_r)


[docs]def mean_luma(cluster):
    """Return mean luminanace of the *cluster* of points."""
    return sum(c[0][0] for c in cluster) / float(len(cluster))


def to_general(line, size):
    # TODO comment
    (x1, y1), (x2, y2) = linef.line_from_angl_dist(line, size)
    return (y2 - y1, x1 - x2, x2 * y1 - x1 * y2)

def intersection(l1, l2):
    a1, b1, c1 = l1
    a2, b2, c2 = l2
    delim = float(a1 * b2 - b1 * a2)
    x = (b1 * c2 - c1 * b2) / delim
    y = (c1 * a2 - a1 * c2) / delim
    return x, y

# TODO remove the parameter get_all
[docs]def intersections_from_angl_dist(lines, size, get_all=True):
    """Take grid-lines and size of the image. Return intersections."""
    lines0 = map(lambda l: to_general(l, size), lines[0])
    lines1 = map(lambda l: to_general(l, size), lines[1])
    intersections = []
    for l1 in lines1:
        line = []
        for l2 in lines0:
            line.append(intersection(l1, l2))
        intersections.append(line)
    return intersections

   
[docs]def rgb2lumsat(color):
    """Convert RGB to luminance and HSI model saturation."""
    r, g, b = color
    luma = (0.30 * r + 0.59 * g + 0.11 * b) / 255.0
    max_diff = max(color) - min(color)
    if max_diff == 0:
        saturation = 0
    else:
        saturation = 1. - ((3. * min(color)) / sum(color)) 
    return luma, saturation


[docs]def stone_color_raw(image, (x, y)):
    """Given image and coordinates, return stone color."""
    size = 3 
    points = []
    for i in range(-size, size + 1):
        for j in range(-size, size + 1):
            try:
                points.append(image.getpixel((x + i, y + j)))
            except IndexError:
                pass
    norm = float(len(points))
    if norm == 0:
        return 0, 0, (0, 0, 0) #TODO trow exception here
    norm = float(norm*255)
    color = (sum(p[0] for p in points) / norm,
             sum(p[1] for p in points) / norm,
             sum(p[2] for p in points) / norm)
    hue, luma, saturation = colorsys.rgb_to_hls(*color)
    color = colorsys.hls_to_rgb(hue, 0.5, 1.)
    return luma, saturation, color, hue
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  Source code for timer

#!/usr/bin/env python

"""Go timer.

This module defines a UI that combines game clock with automatic game recording.
When player presses the clock, an image of the board is taken. The sequence of
images can later be analysed by Imago to produce a game record in abstract
notation.
"""

import os
import sys
import time
import argparse
import subprocess

import pygame

[docs]class Timer:
    """Keeps track of time remaining one player."""
    def __init__(self, main_time, byop, byot):
        self._last = 0
        self._elapsed = 0.
        self._main_t = main_time
        self.byost = "main time"
        self._byop = byop + 1
        self._byot = byot
        self._byo = False

[docs]    def get_time(self):
        """Return string representation of remaining time."""
        if self._last > 0: # when running:
            r_time = self._main_t - (time.time() - self._last + self._elapsed)
            if (r_time - int(r_time)) < 0.75:
                sep = ":"
            else:
               sep = " "
        else: # not running:
            if self._byo and self._byop > 0:
                self._elapsed = 0
            r_time = self._main_t - self._elapsed
            sep = ":"
        if r_time < 0:
            self._byo = True
            self._main_t = self._byot
            self._byop -= 1
            if self._byop > 0:
                self._elapsed = 0
                self._last = time.time()
                self.byost = "(" + str(self._byop) + ")"
                return self.get_time()
            else:
                r_time = 0
                self.byost = "lost on time"
        return "{0:0>2}".format(int(r_time / 60)) + sep + "{0:0>2}".format(int(r_time % 60))


[docs]    def start(self):
        """Start the clock."""
        self._last = time.time()


[docs]    def stop(self):
        """Stop the clock."""
        self._elapsed += time.time() - self._last
        self._last = 0


[docs]    def is_running(self):
        """Return True if the clock is running."""
        if self._last > 0:
            return True
        else:
            return False



[docs]def main():
    """Parse the arguments and run the clock."""
    # TODO refactor into smaller functions
    parser = argparse.ArgumentParser(description=__doc__)
    parser.add_argument('-m', type=int, default=10,
                        help="main time in minutes (default is 10)")
    parser.add_argument('-b', type=int, nargs=2, default=[5, 20],
                        help="japanese byoyomi: number of periods, period length in"
                            " seconds (default is 5 periods, 20 seconds)")
    parser.add_argument('-c', '--camera', dest='cam', action='store_true',
                        help="camera on")
    parser.add_argument('-d', type=int, default=0,
                        help="video device id")
    parser.add_argument('-r', type=int, nargs=2, default=[640, 480],
                        help="set camera resolution")
    args = parser.parse_args()


    pygame.init()
    pygame.display.set_mode((600, 130))
    pygame.display.set_caption("Go timer")
    screen = pygame.display.get_surface()

    clock = pygame.time.Clock()

    font = pygame.font.Font(pygame.font.match_font('monospace'), 80)
    font2 = pygame.font.Font(None, 25)

    done = False
    first = True

    main_time = args.m * 60

    timers = (Timer(main_time, args.b[0], args.b[1]), Timer(main_time, args.b[0], args.b[1]))

    if args.cam:
        capture = subprocess.Popen(['python', 'src/capture.py', '-c', '-d', str(args.d), '-r',
                          str(args.r[0]),
                          str(args.r[1])], stdin=subprocess.PIPE)
    last = 0

    while not done:
        for event in pygame.event.get():
            if event.type == pygame.QUIT:
                done = True
            elif event.type == pygame.KEYDOWN:
                if time.time() - last < 0.7:
                    continue
                last = time.time()
                if first:
                    timers[0].start()
                    first = False
                    if args.cam:
                        print >> capture.stdin, "stop"
                        print >> capture.stdin, "take"
                    continue
                if args.cam:
                    print >> capture.stdin, "take"
                for timer in timers:
                    if timer.is_running():
                        timer.stop()
                    else:
                        timer.start()

        screen.fill([0, 0, 0])
        text1 = font.render(timers[0].get_time(), True, [128, 255, 128])
        screen.blit(text1, [10, 10])
        text2 = font.render(timers[1].get_time(), True, [128, 255, 128])
        screen.blit(text2, [300, 10])
        text3 = font2.render(timers[0].byost, True, [128, 255, 128])
        screen.blit(text3, [10, 90])
        text4 = font2.render(timers[1].byost, True, [128, 255, 128])
        screen.blit(text4, [300, 90])
        pygame.display.flip()
        clock.tick(15)

    if args.cam:
        print >> capture.stdin, "exit"


if __name__ == '__main__':
    try:
        main()
    finally:
        pygame.quit()
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  Source code for filters

"""Image filters module.

All filters return a filtered copy of the image, the original image is
preserved.
"""

from PIL import Image, ImageFilter
import numpy as np

import pcf

[docs]def color_enhance(image):
    """Stretch all color channels to their full range."""
    image_l = image.load()
    min_r, min_g, min_b = 999, 999, 999
    max_r, max_g, max_b = -1, -1, -1

    for x in xrange(image.size[0]):
        for y in xrange(image.size[1]):
            min_r = min(min_r, image_l[x, y][0])
            max_r = max(max_r, image_l[x, y][0])
            min_g = min(min_g, image_l[x, y][1])
            max_g = max(max_g, image_l[x, y][1])
            min_b = min(min_b, image_l[x, y][2])
            max_b = max(max_b, image_l[x, y][2])

    new_image = Image.new('RGB', image.size)
    new_image_l = new_image.load()
    for x in xrange(image.size[0]):
        for y in xrange(image.size[1]):
            r, g, b = image_l[x, y]
            r = (r - min_r) * 255 / (max_r - min_r)
            g = (g - min_g) * 255 / (max_g - min_g)
            b = (b - min_b) * 255 / (max_b - min_b)
            new_image_l[x, y] = (r, g, b)

    return new_image


[docs]def edge_detection(image):
    """Edge detection (on BW images)."""
    new_image = image.filter(ImageFilter.GaussianBlur())
    # GaussianBlur is undocumented class, it might not work in future versions
    # of PIL
    new_image = Image.frombytes('L', image.size,
                             pcf.edge(image.size, image.tobytes()))
    return new_image


[docs]def peaks(image):
    """Peak filter (on BW images)."""
    image_l = image.load()
    new_image = Image.new('L', image.size)
    new_image_l = new_image.load()
    for x in range(2, image.size[0] - 2):
        for y in range(2, image.size[1] - 2):
            pix = (sum([sum([
                - image_l[a, b] 
                    for b in range(y - 2, y + 3)]) 
                    for a in range(x - 2, x + 3)])
                + (17 * image_l[x, y]))
            if pix > 255:
                pix = 255
            if pix < 0:
                pix = 0 
            new_image_l[x, y] = pix
    return new_image


[docs]def high_pass(image, height):
    """High pass filter (on BW images)."""
    image_l = image.load()
    new_image = Image.new('L', image.size)
    new_image_l = new_image.load()
    
    for x in xrange(image.size[0]):
        for y in xrange(image.size[1]):
            if image_l[x, y] < height:
                new_image_l[x, y] = 0
            else:
                new_image_l[x, y] = image_l[x, y]

    return new_image


def components(image, diameter):
    # TODO comment 
    # TODO refactor
    image_l = image.load()
    new_image_l = np.zeros(image.size, dtype=np.int)

    components = [None]
    comp_counter = 1

    if diameter == 1:
        for y in xrange(1, image.size[1] - 1):
            for x in xrange(1, image.size[0] - 1):
                if image_l[x, y]:
                    s = {0}
                    s.add(new_image_l[x - 1, y - 1])
                    s.add(new_image_l[x, y - 1])
                    s.add(new_image_l[x + 1, y - 1])
                    s.add(new_image_l[x - 1, y])
                    if len(s) == 1:
                        components.append(set())
                        new_image_l[x, y] = comp_counter
                        components[comp_counter].add((x, y))
                        comp_counter += 1
                    elif len(s) == 2:
                        s.remove(0)
                        c = s.pop()
                        new_image_l[x, y] = c
                        components[c].add((x, y))
                    else:
                        s.remove(0)
                        c1, c2 = s.pop(), s.pop()
                        components[c2].add((x, y))
                        for (x1, y1) in components[c2]:
                            new_image_l[x1, y1] = c1
                        components[c1] = components[c1] | components[c2]
                        components[c2] = None
    elif diameter == 2:
        for y in xrange(2, image.size[1] - 2):
            for x in xrange(2, image.size[0] - 2):
                if image_l[x, y]:

                    s = {0}
                    for (a, b) in [(a,b) for a in range(x - 2, x + 3) 
                              for b in range(y - 2, y + 1)]:
                        if not (b == y and a >= x):
                            s.add(new_image_l[a, b])

                    if len(s) == 1:
                        components.append(set())
                        new_image_l[x, y] = comp_counter
                        components[comp_counter].add((x, y))
                        comp_counter += 1
                    elif len(s) == 2:
                        s.remove(0)
                        c = s.pop()
                        new_image_l[x, y] = c
                        try:
                            components[c].add((x, y))
                        except AttributeError:
                            print s, c
                            raise AttributeError
                    else:
                        s.remove(0)
                        c1 = s.pop()
                        components[c1].add((x, y))
                        new_image_l[x, y] = c1
                        for c2 in s:
                            for (x1, y1) in components[c2]:
                                new_image_l[x1, y1] = c1
                            components[c1] = components[c1] | components[c2]
                            components[c2] = None
    else:
        pass #TODO error


    new_image = Image.new('L', image.size)
    new_image_l = new_image.load()

    for component in components:
        if component:
            x_c = 0
            y_c = 0
            c = 0
            for (x, y) in component:
                x_c += x
                y_c += y
                c += 1
            new_image_l[int(round(float(x_c)/c)), int(round(float(y_c)/c))] = 255

    return new_image
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  All modules for which code is available
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  Source code for output

"""Imago output module."""

import copy
import sys

COORDS = 'abcdefghijklmnopqrs'

# TODO refactor method names

[docs]class Board:
    """Represents the state of the board."""
    def __init__(self, size, stones):
        self.stones = stones        
        self.size = size

    def __str__(self):
        """Retrun string representation of the board."""
        lines = []
        k = 0
        for i in range(self.size):
            line = []
            for j in range(self.size):
                line.append(self.stones[k])
                k += 1
            lines.append(" ".join(line))
        lines.append("")
        return ("\n".join(lines))

[docs]    def asSGFsetPos(self):
        """Returns SGF (set position) representation of the position."""

        #TODO version numbering
        sgf = "(;FF[4]GM[1]SZ[" + str(self.size) + "]AP[Imago:0.1.0]\n"
        sgf += self.SGFpos()
        sgf += ")"
        return sgf


    def SGFpos(self):
        black = []
        white = []

        for i in range(self.size):
            for j in range(self.size):
                stone = self.stones[i * self.size + j]
                if stone == 'B':
                    black.append(Move('B', i, j))
                elif stone == 'W':
                    white.append(Move('W', i, j))
        sgf = ""
        if len(black) > 0:
            sgf += "AB" + ''.join('[' + m.sgf_coords() + ']'
                              for m in black) + "\n"
        if len(white) > 0:
            sgf += "AW" + ''.join('[' + m.sgf_coords() + ']' 
                              for m in white) + "\n"
        return sgf

[docs]    def addMove(self, m):
        """Add move to the board."""
        self.stones[(m.y * self.size) + m.x] = m.color


[docs]    def getMoveCandidates(self, board):
        """Take the next board in game and return a list of moves that are
        new."""
        candidates = []
        for i in range(self.size):
            for j in range(self.size):
                if (self.stones[self.size * i + j] == "."):
                    if (board.stones[self.size * i + j] == "W"):
                        candidates.append(Move("W", i, j))
                    elif (board.stones[self.size * i + j] == "B"):
                        candidates.append(Move("B", i, j))
        return candidates



[docs]class Move:
    """Repsresents a move."""
    def __init__(self, color, y, x, comment=None):
        self.color = color
        self.x = x
        self.y = y
        self.comment = comment

[docs]    def sgf_coords(self):
        """Return coordinates of the move in SGF."""
        return COORDS[self.x] + COORDS[self.y]



[docs]class Game:
    """Represents a game."""
    def __init__(self, size, board=None, debug=True):
        self.init_board = board or Board(size, (size * size) * ".")
        self.board = copy.deepcopy(self.init_board)
        self.moves = []
        self.size = size
        self.debug = debug
        self.debug_comment = ""

[docs]    def addMove(self, board):
        """Add next move to the game."""
        candidates = self.board.getMoveCandidates(board)
        if self.debug:
            comment = str(board)
            comment += "Candidates: " + str(len(candidates))
            
        if not candidates:
            self.debug_comment += "No candidates."
            return

        move = candidates[0]
        move.comment = comment
        self.moves.append(move)
        self.board.addMove(move)


[docs]    def asSGF(self):
        """Return the game representation as SGF string."""
        sgf = "(;FF[4]GM[1]SZ[" + str(self.size) + "]AP[Imago:0.1.0]\n"
        sgf += self.init_board.SGFpos()
        for m in self.moves:
            if m:
                sgf += ";" + m.color + "[" + m.sgf_coords() + "]"
                if m.comment:
                    sgf += "C[" + m.comment + "]"
                sgf += "\n"
        sgf += ")"
        return sgf
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  Source code for capture

#!/usr/bin/env python

"""Go image capture.

This module defines a UI for capturing images with a (web)camera and imediately
proccessing them with Imago.
"""

import os
import sys
import argparse
import time
from threading import Thread
from Queue import Queue, Empty

import pygame
from pygame.locals import QUIT, KEYDOWN
import Image

from camera import Camera

[docs]class Screen:
    """Basic PyGame setup."""
    def __init__(self, res):
        pygame.init()
        pygame.display.set_mode(res)
        pygame.display.set_caption("Go image capture")
        self._screen = pygame.display.get_surface()

[docs]    def display_picture(self, im):
        """Display image on PyGame screen."""
        pg_img = pygame.image.frombuffer(im.tobytes(), im.size, im.mode)
        self._screen.blit(pg_img, (0,0))
        pygame.display.flip()



[docs]class Capture:
    """This object maintains communication between the camera, the PyGame screen
    and Imago."""
    def __init__(self, device, res):
        self.cam = Camera(vid=device, res=res)
        self.screen = Screen(res)

        self.im_number = 0

        self.saving_dir = "./captured/" + time.strftime("%Y-%m-%d %H:%M/")

        if not os.path.isdir(self.saving_dir):
            os.makedirs(self.saving_dir)

    def __del__(self):
        del self.cam

[docs]    def live(self, q):
        """Run live preview on the screen."""
        clock = pygame.time.Clock()
        done = False
        while not done: 
            if q:
                try:
                    line = q.get_nowait() # or q.get(timeout=.1)
                except Empty:
                    pass
                else:
                    if line == "stop\n":
                        done = True
                    elif line == "exit\n":
                        sys.exit()
            else:
                for event in pygame.event.get():
                    if event.type == pygame.QUIT:
                        sys.exit()
                    elif event.type == pygame.KEYDOWN:
                        done = True

            im = self.cam.get_image()
            self.screen.display_picture(im)
            clock.tick(5)


[docs]    def auto(self, interval):
        """Take new image every *interval* seconds.""" #TODO or is it milisecs?
        last = 0
        clock = pygame.time.Clock()

        done = False
        while not done:
            for event in pygame.event.get():
                if event.type == pygame.QUIT:
                    done = True
            if time.time() - last > interval:
                last = time.time()
                self.take()
            clock.tick(15)


[docs]    def manual(self):
        """Take images manualy by pressing a key."""
        while True:
            event = pygame.event.wait()
            if event.type == QUIT:
                break
            if event.type != KEYDOWN:
                continue
            self.take()

            
[docs]    def take(self):
        """Take a new image from the camera."""
        print "taking pic"
        im = self.cam.get_image()
        self.screen.display_picture(im)
        im.save(self.saving_dir + "{0:0>3}.jpg".format(self.im_number), 'JPEG')
        self.im_number += 1




[docs]def main():
    """Parse the argument and setup the UI."""
    parser = argparse.ArgumentParser(description=__doc__)
    parser.add_argument('-c', '--cmd', dest='cmd', action='store_true',
                    help="take commands from stdin")
    parser.add_argument('-d', type=int, default=0,
                        help="video device id")
    parser.add_argument('-a', type=int, default=0,
                        help="take picture automaticaly every A seconds")
    parser.add_argument('-r', type=int, nargs=2, default=[640, 480],
                        help="set camera resolution")
    args = parser.parse_args()

    res=(args.r[0], args.r[1])
    capture = Capture(args.d, res)


    if args.cmd:
        def enqueue_input(queue):
            for line in iter(sys.stdin.readline, b''):
                queue.put(line)

        q = Queue()
        t = Thread(target=enqueue_input, args=(q,))
        t.daemon = True 
        t.start()
        
        capture.live(q)

        clock = pygame.time.Clock()

        while True:
            try:
                line = q.get_nowait() # or q.get(timeout=.1)
            except Empty:
                pass
            else: 
                if line == "take\n":
                    capture.take()
                elif line == "exit\n":
                    break
            clock.tick(10)

    else:
        capture.live(None)
        if args.a > 0:
            capture.auto(args.a)
        else:
            capture.manual()

    del capture

    
if __name__ == '__main__':
    try:
        main()
    finally:
        pygame.quit()
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  Source code for geometry

"""Imago geometry module."""

import unittest
from math import sin, cos, atan, pi

[docs]class V(object):
    """Class for vector manipulation."""

    def __init__(self, x, y):
        self.x = x
        self.y = y
    
    def __add__(self, other):
        return V(self.x + other.x, self.y + other.y)

    def __sub__(self, other):
        return V(self.x - other.x, self.y - other.y)

    def __rmul__(self, other):
        return V(other * self.x, other * self.y)

    def __len__(self):
        return 2

    def __getitem__(self, key):
        if key == 0:
            return self.x
        elif key == 1:
            return self.y
        elif type(key) != int:
            raise TypeError("V indices must be integers") 
        else:
            raise KeyError("V index ({}) out of range".format(key))

    def __iter__(self):
        yield self.x
        yield self.y

    @property
    def normal(self):
        return V(-self.y, self.x)


def projection(p, l, v):
    #TODO what is this?
    return V(*intersection(line(p, p + v.normal), line(*l)))

[docs]def l2ad((a, b), size):
    """Represent line as (angle, distance).
    
    Take a line (represented by two points) and image size.
    Return the line represented by its angle and distance
    from the center of the image.

    """
    if (a[0] - b[0]) == 0:
        angle = pi / 2
    else:
        q = float(a[1] - b[1]) / (a[0] - b[0])
        angle = atan(q)

    if angle < 0:
        angle += pi
    if angle > pi:
        angle -= pi

    distance = (((a[0] - (size[0] / 2)) * sin(angle)) + 
                ((a[1] - (size[1] / 2)) * - cos(angle)))
    return (angle, distance)


[docs]def line(x, y):
    """Given two points `x` and `y`, compute the line joining them.

    `x` and `y` are 2-tuples of the (x, y) coordinates of the points.

    The function returns a 3-tuple (a, b, c) such that the line through
    the points `x` and `y` is described by the equation `ax + by = c` ."""

    a = x[1] - y[1]
    b = y[0] - x[0]
    c = a * y[0] + b * y[1]
    return (a, b, c)


[docs]def intersection(p, q):
    """Return intersection of two lines."""
    det = p[0] * q[1] - p[1] * q[0]
    if det == 0:
        return None
    return (int(round(float(q[1] * p[2] - p[1] * q[2]) / det)), 
            int(round(float(p[0] * q[2] - q[0] * p[2]) / det)))



#
# Just tests below here.
#

class test_geometry(unittest.TestCase):
    def test_line(self):
        # y = 0
        p0 = (0, 0)
        p1 = (10, 0)
        l = line(p0, p1)
        assert(l == (0, 10, 0))

        # y = 1
        p0 = (0, 1)
        p1 = (10, 1)
        l = line(p0, p1)
        assert(l == (0, 10, 10))

        # x = 0
        p0 = (0, 0)
        p1 = (0, -123)
        l = line(p0, p1)
        assert(l == (123, 0, 0))

        p0 = (10, 10)
        p1 = (20, 30)
        l = line(p0, p1)
        assert(l == (-20, 10, -100))


if __name__ == '__main__':
    suite = unittest.TestLoader().loadTestsFromTestCase(test_geometry)
    unittest.TextTestRunner(verbosity=2).run(suite)
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  Source code for gridf_new

"""Imago grid fitting module

RANSAC inspired method.
"""

import random
from math import sqrt

from intrsc import intersections_from_angl_dist
import linef
import params
import ransac
import manual_lines as manual
from geometry import l2ad

# TODO comments, refactoring, move methods to appropriate modules

class GridFittingFailedError(Exception):
    pass

class BadGenError(Exception):
    pass

[docs]def plot_line(line, c, size):
    """Plot a *line* with pyplot."""
    points = linef.line_from_angl_dist(line, size)
    pyplot.plot(*zip(*points), color=c)


[docs]class Diagonal_model:
    """Ransac model for finding diagonals."""
    def __init__(self, data):
        self.data = [p for p in sum(data, []) if p]
        self.lines = data
        self.gen = self.initial_g()

    def initial_g(self):
        l1, l2 = random.sample(self.lines, 2)
        for i in xrange(len(l1)):
            for j in xrange(len(l2)):
                if i == j:
                    continue
                if l1[i] and l2[j]:
                    yield (l1[i], l2[j])

    def remove(self, data):
        self.data = list(set(self.data) - set(data))

    def initial(self):
        try:
            nxt = self.gen.next()
        except StopIteration:
            self.gen = self.initial_g()
            nxt = self.gen.next()
        return nxt

    def get(self, sample):
        if len(sample) == 2:
            return ransac.points_to_line(*sample)
        else:
            return ransac.least_squares(sample)

    def score(self, est, dist):
        cons = []
        score = 0
        a, b, c = est
        dst = lambda (x, y): abs(a * x + b * y + c) / sqrt(a*a+b*b)
        l1 = None
        l2 = None
        for p in self.data:
            d = dst(p)
            if d <= dist:
                cons.append(p)
                if p.l1 == l1 or p.l2 == l2:
                    return float("inf"), []
                else:
                    l1, l2 = p.l1, p.l2
            else: # TODO delete this or refactor
                score += min(d, dist)

        return score, cons


[docs]def intersection((a1, b1, c1), (a2, b2, c2)):
    """Intersection of two lines, given by coefficients in their equations."""
    delim = float(a1 * b2 - b1 * a2)
    if delim == 0:
        return None
    x = (b1 * c2 - c1 * b2) / delim
    y = (c1 * a2 - a1 * c2) / delim
    return x, y


[docs]class Point:
    """Class that represents a point in 2D."""
    def __init__(self, (x, y)):
        self.x = x
        self.y = y

    def __getitem__(self, key):
        if key == 0:
            return self.x
        elif key == 1:
            return self.y

    def __iter__(self):
        yield self.x
        yield self.y

    def __len__(self):
        return 2

    def to_tuple(self):
        return (self.x, self.y)


[docs]class Line:
    """Line with a list of important points that lie on it.

    This and the Point class in this module serves to implement a model of
    perspective plain -- a line has a list of intersections with other lines and
    each intersection has two lines that go through it.
    """

    def __init__(self, (a, b, c)):
        self.a, self.b, self.c = (a, b, c)
        self.points = []

    @classmethod
    def from_ad(cls, (a, d), size):
        p = linef.line_from_angl_dist((a, d), size)
        return cls(ransac.points_to_line(*p))

    def __iter__(self):
        yield self.a
        yield self.b
        yield self.c

    def __len__(self):
        return 3

    def __getitem__(self, key):
        if key == 0:
            return self.a
        elif key == 1:
            return self.b
        elif key == 2:
            return self.c


[docs]def gen_corners(d1, d2, min_size):
    """Generate candidates on corner positions from the diagonals."""
    for c1 in d1.points:
        if c1 in d2.points:
            continue
        pass
        try:
            c2 = [p for p in d2.points if p in c1.l1.points][0]
            c3 = [p for p in d1.points if p in c2.l2.points][0]
            c4 = [p for p in d2.points if p in c3.l1.points][0]
            x_min = min([c1[0], c2[0], c3[0], c4[0]])
            x_max = max([c1[0], c2[0], c3[0], c4[0]])
            if x_max - x_min < min_size:
                continue
            y_min = min([c1[1], c2[1], c3[1], c4[1]])
            y_max = max([c1[1], c2[1], c3[1], c4[1]])
            if y_max - y_min < min_size:
                continue

        except IndexError:
            continue
            # there is not a corresponding intersection
            # TODO create an intersection?
        try:
            yield manual.lines(map(lambda p: p.to_tuple(), [c2, c1, c3, c4]))
        except (TypeError):
            pass

            # the square was too small to fit 17 lines inside
            # TODO define SquareTooSmallError or something

[docs]def dst(p, l):
    """Distance from a point to a line."""
    (x, y), (a, b, c) = p, ransac.points_to_line(*l)
    return abs(a * x + b * y + c) / sqrt(a*a+b*b)


def score(lines, points):
    # TODO find whether the point actualy lies on the line or just in the same
    # direction
    score = 0
    for p in points:
        s = min(map(lambda l: dst(p, l), lines))
        s = min(s, 2)
        score += s
    return score


[docs]def find(lines, size, l1, l2, bounds, hough, show_all, do_something, logger):
    """Find the best grid given the *lines* and *size* of the image.

    lines: A list containing two lists of lines detected in the image.
        Each list of lines contains lines that are more-or-less parallel
        to each other.  The lines in the two lists are more-or-less
        perpendicular to each other.

    size: A list of (width, height) of the input image, in pixels.

    Last three parameters serves for debugging, *l1*, *l2*, *bounds* and *hough*
    are here for compatibility with older version of gridf, so they can be
    easily exchanged, tested and compared.
    """

    new_lines1 = map(lambda l: Line.from_ad(l, size), lines[0])
    new_lines2 = map(lambda l: Line.from_ad(l, size), lines[1])
    for l1 in new_lines1:
        for l2 in new_lines2:
            p = Point(intersection(l1, l2))
            p.l1 = l1
            p.l2 = l2
            l1.points.append(p)
            l2.points.append(p)

    points = [l.points for l in new_lines1]

    def dst_p(x, y):
        x = x - size[0] / 2
        y = y - size[1] / 2
        return sqrt(x * x + y * y)

    for n_tries in xrange(3):
        logger("finding the diagonals")
        model = Diagonal_model(points)
        diag_lines = ransac.ransac_multi(6, points, 2,
                                         params.ransac_diagonal_iter, model=model)
        diag_lines = [l[0] for l in diag_lines]
        centers = []
        cen_lin = []
        for i in xrange(len(diag_lines)):
            line1 = diag_lines[i]
            for line2 in diag_lines[i+1:]:
                c = intersection(line1, line2)
                if c and dst_p(*c) < min(size) / 2:
                    cen_lin.append((line1, line2, c))
                    centers.append(c)

        if show_all:
            import matplotlib.pyplot as pyplot
            from PIL import Image

            def plot_line_g((a, b, c), max_x):
                find_y = lambda x: - (c + a * x) / b
                pyplot.plot([0, max_x], [find_y(0), find_y(max_x)], color='b')

            fig = pyplot.figure(figsize=(8, 6))
            for l in diag_lines:
                plot_line_g(l, size[0])
            pyplot.scatter(*zip(*sum(points, [])))
            if len(centers) >= 1:
                pyplot.scatter([c[0] for c in centers], [c[1] for c in centers], color='r')
            pyplot.xlim(0, size[0])
            pyplot.ylim(0, size[1])
            pyplot.gca().invert_yaxis()
            fig.canvas.draw()
            size_f = fig.canvas.get_width_height()
            buff = fig.canvas.tostring_rgb()
            image_p = Image.frombytes('RGB', size_f, buff, 'raw')
            do_something(image_p, "finding diagonals")

        logger("finding the grid")
        data = sum(points, [])
        # TODO what if lines are missing?
        sc = float("inf")
        grid = None
        for (line1, line2, c) in cen_lin:
            diag1 = Line(line1)
            diag1.points = ransac.filter_near(data, diag1, 2)
            diag2 = Line(line2)
            diag2.points = ransac.filter_near(data, diag2, 2)


            grids = list(gen_corners(diag1, diag2, min(size) / 3))
            
            try:
                new_sc, new_grid = min(map(lambda g: (score(sum(g, []), data), g), grids))
                if new_sc < sc:
                    sc, grid = new_sc, new_grid
            except ValueError:
                pass
        if grid:
            break
    else:
        raise GridFittingFailedError
        
    grid_lines = [[l2ad(l, size) for l in grid[0]], 
                  [l2ad(l, size) for l in grid[1]]]
    grid_lines[0].sort(key=lambda l: l[1])
    grid_lines[1].sort(key=lambda l: l[1])
    if grid_lines[0][0][0] > grid_lines[1][0][0]:
        grid_lines = grid_lines[1], grid_lines[0]

    return grid, grid_lines
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  Source code for k_means

"""K-means module."""

import random

[docs]def cluster(k, d, data, i_centers=None):
    """Find *k* clusters on *d* dimensional *data*."""
    if i_centers:
        old_centers = i_centers
    else:
        borders = [(min(p[0][i] for p in data), max(p[0][i] for p in data))
               for i in range(d)]
        old_centers = [[(h - l) * random.random() + l for (l, h) in borders]
               for _ in range(k)]
    clusters, centers = next_step(old_centers, data)
    while delta(old_centers, centers) > 0:
        old_centers = centers
        clusters, centers = next_step(old_centers, data)
    dst = lambda c, p: sum((a - b) ** 2 for (a, b) in zip(p, c)) ** 0.5
    score = sum([sum(map(lambda p: dst(c, p[0]), clus)) for clus, c in
                 zip(clusters, centers)])
    return clusters, score


[docs]def next_step(centers, data):
    """Compute new clusters and centers."""
    clusters = [[] for _ in centers]
    for point in data:
        clusters[nearest(centers, point)].append(point)
    centers = [centroid(c) for c in clusters]
    return clusters, centers


[docs]def nearest(centers, point):
    """Find the nearest cluster *center* for *point*."""
    d, i = min(((sum((p - c) ** 2 for (p, c) in zip(point[0], center)) ** 0.5 ,
                index) if center else (float('inf'), len(centers)))
               for (index, center) in enumerate(centers))
    return i


[docs]def centroid(cluster):
    """Find the centroid of the *cluster*."""
    # TODO is this just a mean of coordinates?
    # TODO should we try different definitions?
    l = float(len(cluster))
    try:
        d = len(cluster[0][0]) #TODO empty cluster error
    except IndexError:
        return None
    return [sum(c[0][i] for c in cluster) / l for i in range(d)]


[docs]def delta(c1, c2):
    """Find the absolute distance between two lists of points."""
    # TODO rewrite this to a sane form
    return sum((sum(abs(cc1 - cc2) for (cc1, cc2) in zip (ccc1, ccc2)) if ccc2
               else 0.) for (ccc1, ccc2) in zip(c1, c2))
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  Source code for linef

"""Lines finding module."""

from functools import partial
import sys
from math import sin, cos, pi

try:
    from PIL import Image, ImageDraw
except ImportError, msg:
    print >> sys.stderr, msg
    sys.exit(1)

import filters
from hough import Hough
import ransac

def prepare(image, show_image, logger):
    # TODO comment
    im_l = image.convert('L')
    show_image(im_l, "ITU-R 601-2 luma transform")

    logger("edge detection")
    im_edges = filters.edge_detection(im_l)
    show_image(im_edges, "edge detection")

    im_h = filters.high_pass(im_edges, 100)
    show_image(im_h, "high pass filters")

    return im_h
 
[docs]def transform(image, hough, show_image):
    """Produces a simplified Hough transformation of the input image."""

    # TODO comment
    im_hough = hough.transform(image)
    show_image(im_hough, "hough transform")

    # im_hough = filters.peaks(im_hough)
    # show_image(im_hough, "peak extraction")
               
    im_h2 = filters.high_pass(im_hough, 128)
    show_image(im_h2, "second high pass filters")

    im_h2 = filters.components(im_h2, 2)
    show_image(im_h2, "components centers")

    return im_h2


def run_ransac(image):
    # TODO comment
    # TODO vizualize this
    image_l = image.load()
    width, height = image.size

    data = []

    for y in xrange(0, height):
        for x in xrange(0, width):
            if image_l[x, y] > 128:
                data.append((x, y))
                if y < 30:
                    data.append((width - x, y + height))

    dist = 3 
    [(line, points), (line2, points2)] = ransac.ransac_multi(2, data, dist, 250)
    line_to_points = lambda (a, b, c), x: (x, (a*x + c) / (- b))
    # TODO width should not be here vvv
    # TODO refactor gridf to use standard equations instead of points
    line = [line_to_points(line, 0), line_to_points(line, width - 1)]
    line2 = [line_to_points(line2, 0), line_to_points(line2, width - 1)]
    return [sorted(points), sorted(points2)], line, line2

[docs]def find_lines(image, show_image, logger):
    """Find lines in the *image*."""
    
    logger("preprocessing")
    show_image(image, "original image")

    im_h = prepare(image, show_image, logger)

    hough = Hough.default(im_h)

    logger("hough transform")
    
    im_h2 = transform(im_h, hough, show_image)

    logger("finding the lines")

    r_lines, l1, l2 = run_ransac(im_h2) 

    lines = map(hough.lines_from_list, r_lines)

    # TODO refactor gridf to get rid of this:
    bounds = sum(map(lambda l: [l[0], l[-1]], r_lines), []) 
    # sum(list, []) = flatten list

    # TODO do this only if show_all is true:
    image_g = image.copy()
    draw = ImageDraw.Draw(image_g)
    for line in [l for s in lines for l in s]:
        draw.line(line_from_angl_dist(line, image.size), fill=(120, 255, 120))
    show_image(image_g, "lines")


    return lines, l1, l2, bounds, hough # TODO


[docs]def line_from_angl_dist((angle, distance), size):
    """Take *angle* and *distance* (from the center of the image) of a line and
    size of the image. Return the line represented by two points."""
    if pi / 4 < angle < 3 * pi / 4:
        y1 = - size[1] / 2
        x1 = int(round((y1 * cos(angle) + distance) / sin(angle))) + size[0] / 2
        y2 = size[1] / 2 
        x2 = int(round((y2 * cos(angle) + distance) / sin(angle))) + size[0] / 2
        return [(x1, 0), (x2, size[1])]
    else:
        x1 = - size[0] / 2
        y1 = int(round((x1 * sin(angle) - distance) / cos(angle))) + size[1] / 2
        x2 = size[0] / 2 
        y2 = int(round((x2 * sin(angle) - distance) / cos(angle))) + size[1] / 2
        return [(0, y1), (size[0], y2)]
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  Source code for ransac

"""RANSAC estimation."""

import random
from math import sqrt
import numpy as NP

# TODO comments
# TODO threshold

[docs]def points_to_line((x1, y1), (x2, y2)):
    """Take two points, return coefficitiens for line that connects them."""
    return (y2 - y1, x1 - x2, x2 * y1 - x1 * y2)


[docs]def filter_near(data, line, distance):
    """Find points in *data* that are closer than *distance* to *line*."""
    a, b, c = line
    dst = lambda (x, y): abs(a * x + b * y + c) / sqrt(a*a+b*b)
    is_near = lambda p: dst(p) <= distance
    return [p for p in data if is_near(p)]


[docs]def least_squares(data):
    """The least squares method."""
    x = NP.matrix([(a, 1) for (a, b) in data])
    xt = NP.transpose(x)
    y = NP.matrix([[b] for (a, b) in data])
    [a,c] = NP.dot(NP.linalg.inv(NP.dot(xt, x)), xt).dot(y).flat
    return (a, -1, c)


[docs]class Linear_model:
    """Linear model for RANSAC."""
    
    def __init__(self, data):
        self.data = data

    def get(self, sample):
        if len(sample) == 2:
            return points_to_line(*sample)
        else:
            return least_squares(sample)

    def initial(self):
        return random.sample(self.data, 2)

    def score(self, est, dist):
        cons = []
        score = 0
        a, b, c = est
        dst = lambda (x, y): abs(a * x + b * y + c) / sqrt(a*a+b*b)
        for p in self.data:
            d = dst(p)
            if d <= dist:
                cons.append(p)
            score += min(d, dist)
        return score, cons

    def remove(self, data):
        self.data = list(set(self.data) - set(data))


def iterate(model, distance):
    score = float("inf")
    consensual = model.initial()
    estimate = model.get(consensual)
    new_score, new_consensual = model.score(estimate, distance)
    if new_consensual != []:
        while (new_score < score):
            score, consensual = new_score, new_consensual
            try:
                estimate = model.get(consensual)
                new_score, new_consensual = model.score(estimate, distance)
            except (NP.linalg.LinAlgError):
                pass
    return score, estimate, consensual
        
[docs]def estimate(data, dist, k, modelClass=Linear_model, model=None):
    """Estimate model from data with RANSAC."""
    if not model:
        model = modelClass(data)
    best = float("inf")
    estimate = None
    consensual = None
    for i in xrange(0, k):
        new, new_estimate, new_consensual = iterate(model, dist)
        if new < best:
            best = new
            estimate = new_estimate
            consensual = new_consensual

    return estimate, consensual


def ransac_multi(m, data, dist, k, modelClass=Linear_model, model=None):
    if not model:
        model = modelClass(data)
    ests = []
    cons = []
    for i in xrange(m):
        est, cons_new = estimate(None, dist, k, model=model)
        model.remove(cons_new)
        ests.append((est, cons_new))
    return ests
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