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Tensor

Documentation Version: 2.1.0
Jun 2019 Deep Reinforcement Learning Model ZOO Release !!.
Good News: We won the Best Open Source Software Award @ ACM Multimedia (MM) 2017.

TensorLayer is a Deep Learning (DL) and Reinforcement Learning (RL) library extended from Google TensorFlow.
It provides popular DL and RL modules that can be easily customized and assembled for tackling real-world machine
learning problems. More details can be found here.

Note: If you got problem to read the docs online, you could download the repository on GitHub, then go to /docs/
_build/html/index.html to read the docs offline. The _build folder can be generated in docs using make
html.
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CHAPTER
ONE

USER GUIDE

The TensorLayer user guide explains how to install TensorFlow, CUDA and cuDNN, how to build and train neural
networks using TensorLayer, and how to contribute to the library as a developer.

1.1 Installation

TensorLayer has some prerequisites that need to be installed first, including TensorFlow , numpy and matplotlib. For
GPU support CUDA and cuDNN are required.

If you run into any trouble, please check the TensorFlow installation instructions which cover installing the TensorFlow
for a range of operating systems including Mac OX, Linux and Windows, or ask for help on tensorlayer @ gmail.com
or FAQ.

1.1.1 Install TensorFlow

pip3 install tensorflow-gpu==2.0.0a0 # specific version (YOU SHOULD INSTALL THIS ONE_,
— NOW)

pip3 install tensorflow-gpu # GPU version

pip3 install tensorflow # CPU version

The installation instructions of TensorFlow are written to be very detailed on TensorFlow website. However, there are
something need to be considered. For example, TensorFlow officially supports GPU acceleration for Linux, Mac OX
and Windows at present. For ARM processor architecture, you need to install TensorFlow from source.

1.1.2 Install TensorLayer

For stable version:

pip3 install tensorlayer

For latest version, please install from Github.

pip3 install git+https://github.com/tensorlayer/tensorlayer.git
or
pip3 install https://github.com/tensorlayer/tensorlayer/archive/master.zip

For developers, you should clone the folder to your local machine and put it along with your project scripts.

git clone https://github.com/tensorlayer/tensorlayer.git



https://www.tensorflow.org/versions/master/get_started/os_setup.html
https://www.tensorflow.org/versions/master/get_started/os_setup.html
mailto:tensorlayer@gmail.com
http://tensorlayer.readthedocs.io/en/latest/user/more.html
https://www.tensorflow.org/versions/master/get_started/os_setup.html
https://www.tensorflow.org/versions/master/get_started/os_setup.html
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Alternatively, you can build from the source.

# First clone the repository and change the current directory to the newly cloned,
—repository

git clone https://github.com/tensorlayer/tensorlayer.git

cd tensorlayer

# Install virtualenv if necessary

pip install virtualenv

# Then create a virtualenv called ‘venv'
virtualenv venv

# Activate the virtualenv

## Linux:
source venv/bin/activate

## Windows:
venv\Scripts\activate.bat

# basic installation
pip install

# for a machine *#withoutx** an NVIDIA GPU
pip install -e ".[all cpu_dev]"

# for a machine ##with*x an NVIDIA GPU
pip install -e ".[all gpu_dev]"

If you want install TensorLayer 1.X, the simplest way to install TensorLayer 1.X is as follow. It will also install the
numpy and matplotlib automatically.

[stable version] pip install tensorlayer==1.x.x

However, if you want to modify or extend TensorLayer 1.X, you can download the repository from Github and install
it as follow.

cd to the root of the git tree
pip install -e

This command will run the setup . py to install TensorLayer. The —e reflects editable, then you can edit the source
code in tensorlayer folder, and import the edited TensorLayer.

1.1.3 GPU support

Thanks to NVIDIA supports, training a fully connected network on a GPU, which may be 10 to 20 times faster than
training them on a CPU. For convolutional network, may have 50 times faster. This requires an NVIDIA GPU with
CUDA and cuDNN support.

CUDA

The TensorFlow website also teach how to install the CUDA and cuDNN, please see TensorFlow GPU Support.
Download and install the latest CUDA is available from NVIDIA website:
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¢ CUDA download and install

If CUDA is set up correctly, the following command should print some GPU information on the terminal:

python —-c "import tensorflow"

cuDNN

Apart from CUDA, NVIDIA also provides a library for common neural network operations that especially speeds up
Convolutional Neural Networks (CNNs). Again, it can be obtained from NVIDIA after registering as a developer (it
take a while):

Download and install the latest cuDNN is available from NVIDIA website:
¢ cuDNN download and install

To install it, copy the * . h files to /usr/local/cuda/include and the 1ib~ files to /usr/local/cuda/
lib64.

1.1.4 Windows User

TensorLayer is built on the top of Python-version TensorFlow, so please install Python first. NoteWe highly recom-
mend installing Anaconda. The lowest version requirements of Python is py35.

Anaconda download
GPU support
Thanks to NVIDIA supports, training a fully connected network on a GPU, which may be 10 to 20 times faster than

training them on a CPU. For convolutional network, may have 50 times faster. This requires an NVIDIA GPU with
CUDA and cuDNN support.

1. Installing Microsoft Visual Studio

You should preinstall Microsoft Visual Studio (VS) before installing CUDA. The lowest version requirements is
VS2010. We recommend installing VS2015 or VS2013. CUDA?7.5 supports VS2010, VS2012 and VS2013. CUDAS.0
also supports VS2015.

2. Installing CUDA

Download and install the latest CUDA is available from NVIDIA website:
CUDA download

We do not recommend modifying the default installation directory.

3. Installing cuDNN

The NVIDIA CUDA® Deep Neural Network library (cuDNN) is a GPU-accelerated library of primitives for deep
neural networks. Download and extract the latest cuDNN is available from NVIDIA website:

cuDNN download
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After extracting cuDNN, you will get three folders (bin, lib, include). Then these folders should be copied to CUDA
installation. (The default installation directory is C:\Program Files\NVIDIA GPU Computing ToolkinNCUDA\WS.0)

Installing TensorLayer

For TensorLayer 2.0, please refer to the steps mentioned above.

For TensorLayer 1.X, you can easily install Tensorlayer 1.X using pip in CMD

pip install tensorflow #CPU version

pip install tensorflow-gpu #GPU version (GPU version and CPU version just choose,
—one)

pip install tensorlayer #Install tensorlayer

1.1.5 Issue

If you get the following output when import tensorlayer, please read FQA.

_tkinter.TclError: no display name and no S$DISPLAY environment variable

1.2 Examples

1.2.1 Basics

* Multi-layer perceptron (MNIST), simple usage. Classification task, see tutorial_mnist_simple.py.

e Multi-layer perceptron (MNIST), dynamic model. Classification with dropout using iterator, see tuto-
rial_mnist_mlp_dynamic.py method?2.

e Multi-layer perceptron (MNIST), static model.  Classification with dropout using iterator, see tuto-
rial_mnist_mlp_static.py.

* Convolutional Network (CIFAR-10). Classification task, see tutorial_cifar10_cnn_static.py.
» TensorFlow dataset API for object detection see here.
* Merge Keras into TensorLayer. tutorial_keras.py.

» Data augmentation with TFRecord. Effective way to load and pre-process data, see tutorial_tfrecord*.py and
tutorial_cifar10_tfrecord.py.

 Data augmentation with TensorLayer. See tutorial fast_affine_transform.py (for quick test only).

1.2.2 Pretrained Models

VGG 16 (ImageNet). Classification task, see tutorial_models_vggl6.

VGG 19 (ImageNet). Classification task, see tutorial_models_vgg19.py.
* SqueezeNet (ImageNet). Model compression, see tutorial_models_squeezenetv1.py.
* MobileNet (ImageNet). Model compression, see tutorial_models_mobilenetv1.py.

* All pretrained models in pretrained-models.
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https://github.com/tensorlayer/tensorlayer/tree/master/examples/data_process
https://github.com/tensorlayer/tensorlayer/blob/master/examples/basic_tutorials/data_process/tutorial_tfrecord.py
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1.2.3 Vision

* Arbitrary Style Transfer in Real-time with Adaptive Instance Normalization, see examples.
¢ ArcFace: Additive Angular Margin Loss for Deep Face Recognition, see InsignFace.
* BinaryNet. Model compression, see mnist cifar10.

e Ternary Weight Network. Model compression, see mnist cifar10.

* DoReFa-Net. Model compression, see mnist cifarl0.

* QuanCNN. Model compression, sees mnist cifar10.

* Wide ResNet (CIFAR) by ritchieng.

* Spatial Transformer Networks by zsdonghao.

e U-Net for brain tumor segmentation by zsdonghao.

* Variational Autoencoder (VAE) for (CelebA) by yzwxx.

* Variational Autoencoder (VAE) for (MNIST) by BUPTLdy.

* Image Captioning - Reimplementation of Google’s im2txt by zsdonghao.

1.2.4 Adversarial Learning

* DCGAN (CelebA). Generating images by Deep Convolutional Generative Adversarial Networks by zsdonghao.
* Generative Adversarial Text to Image Synthesis by zsdonghao.

* Unsupervised Image to Image Translation with Generative Adversarial Networks by zsdonghao.

e Improved CycleGAN with resize-convolution by luoxier.

* Super Resolution GAN by zsdonghao.

* BEGAN: Boundary Equilibrium Generative Adversarial Networks by 2wins.

* DAGAN: Fast Compressed Sensing MRI Reconstruction by nebulaV.

1.2.5 Natural Language Processing

* Recurrent Neural Network (LSTM). Apply multiple LSTM to PTB dataset for language modeling, see tuto-
rial_ptb_lIstm_state_is_tuple.py.

Word Embedding (Word2vec). Train a word embedding matrix, see tutorial_word2vec_basic.py.
* Restore Embedding matrix. Restore a pre-train embedding matrix, see tutorial_generate_text.py.
» Text Generation. Generates new text scripts, using LSTM network, see tutorial _generate_text.py.

* Chinese Text Anti-Spam by pakrchen.

Chatbot in 200 lines of code for Seq2Seq.

* FastText Sentence Classification (IMDB), see tutorial_imdb_fasttext.py by tomtung.
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https://github.com/tensorlayer/adaptive-style-transfer
https://github.com/auroua/InsightFace_TF
https://github.com/tensorlayer/tensorlayer/blob/master/examples/quantized_net/tutorial_binarynet_mnist_cnn.py
https://github.com/tensorlayer/tensorlayer/blob/master/examples/quantized_net/tutorial_binarynet_cifar10_tfrecord.py
https://github.com/tensorlayer/tensorlayer/blob/master/examples/quantized_net/tutorial_ternaryweight_mnist_cnn.py
https://github.com/tensorlayer/tensorlayer/blob/master/examples/quantized_net/tutorial_ternaryweight_cifar10_tfrecord.py
https://github.com/tensorlayer/tensorlayer/blob/master/examples/quantized_net/tutorial_dorefanet_mnist_cnn.py
https://github.com/tensorlayer/tensorlayer/blob/master/examples/quantized_net/tutorial_dorefanet_cifar10_tfrecord.py
https://github.com/XJTUI-AIR-FALCON/tensorlayer/blob/master/examples/quantized_net/tutorial_quanconv_mnist.py
https://github.com/XJTUI-AIR-FALCON/tensorlayer/blob/master/examples/quantized_net/tutorial_quanconv_cifar10.py
https://github.com/ritchieng/wideresnet-tensorlayer
https://arxiv.org/abs/1506.02025
https://github.com/zsdonghao/Spatial-Transformer-Nets
https://github.com/zsdonghao/u-net-brain-tumor
https://github.com/zsdonghao/u-net-brain-tumor
https://github.com/yzwxx/vae-celebA
https://github.com/BUPTLdy/tl-vae
https://github.com/tensorflow/models/tree/master/research/im2txt
https://github.com/zsdonghao/Image-Captioning
http://arxiv.org/abs/1511.06434
https://github.com/tensorlayer/dcgan
https://github.com/zsdonghao/text-to-image
https://github.com/zsdonghao/text-to-image
https://github.com/zsdonghao/Unsup-Im2Im
https://github.com/zsdonghao/Unsup-Im2Im
https://github.com/luoxier/CycleGAN_Tensorlayer
https://github.com/luoxier/CycleGAN_Tensorlayer
https://arxiv.org/abs/1609.04802
https://github.com/tensorlayer/SRGAN
http://arxiv.org/abs/1703.10717
https://github.com/2wins/BEGAN-tensorlayer
https://github.com/nebulaV/DAGAN
https://github.com/nebulaV/DAGAN
https://github.com/tensorlayer/tensorlayer/blob/master/examples/text_ptb/tutorial_ptb_lstm_state_is_tuple.py
https://github.com/tensorlayer/tensorlayer/blob/master/examples/text_ptb/tutorial_ptb_lstm_state_is_tuple.py
https://github.com/tensorlayer/tensorlayer/blob/master/examples/text_word_embedding/tutorial_word2vec_basic.py
https://github.com/tensorlayer/tensorlayer/blob/master/examples/text_generation/tutorial_generate_text.py
https://github.com/tensorlayer/tensorlayer/blob/master/examples/text_generation/tutorial_generate_text.py
https://github.com/pakrchen/text-antispam
https://github.com/tensorlayer/seq2seq-chatbot
http://tensorlayer.readthedocs.io/en/latest/modules/layers.html#simple-seq2seq
https://github.com/tensorlayer/tensorlayer/blob/master/examples/text_classification/tutorial_imdb_fasttext.py
https://github.com/tomtung
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1.2.6 Reinforcement Learning

* Policy Gradient / Network (Atari Ping Pong), see tutorial _atari_pong.py.

¢ Deep Q-Network (Frozen lake), see tutorial_frozenlake_dqn.py.

* Q-Table learning algorithm (Frozen lake), see tutorial_frozenlake_q_table.py.

* Asynchronous Policy Gradient using TensorDB (Atari Ping Pong) by nebulaV.

» AC for discrete action space (Cartpole), see tutorial_cartpole_ac.py.

* A3C for continuous action space (Bipedal Walker), see tutorial_bipedalwalker_a3c*.py.

DAGGER for (Gym Torcs) by zsdonghao.

* TRPO for continuous and discrete action space by jjkke88.

1.2.7 Miscellaneous

* TensorDB by fangde see tl_paper.

* A simple web service - TensorFlask by JoelKronander.

1.3 Contributing

TensorLayer is a major ongoing research project in Data Science Institute, Imperial College London. The goal of the
project is to develop a compositional language while complex learning systems can be built through composition of
neural network modules.

Numerous contributors come from various horizons such as: Tsinghua University, Carnegie Mellon University, Uni-
versity of Technology of Compiegne, Google, Microsoft, Bloomberg and etc.

There are many functions need to be contributed such as Maxout, Neural Turing Machine, Attention, TensorLayer
Mobile and etc.

You can easily open a Pull Request (PR) on GitHub, every little step counts and will be credited. As an open-source
project, we highly welcome and value contributions!

If you are interested in working with us, please contact us at: tensorlayer @ gmail.com.

&~ JOIN THE SLACK CHANNEL

TensorLayer Community

1.3.1 Project Maintainers

The TensorLayer project was started by Hao Dong at Imperial College London in June 2016.

For TensorLayer 2.x, it is now actively developing and maintaining by the following people who has more than 50
contributions*:

* Hao Dong (@zsdonghao) - https://zsdonghao.github.io

* Jingqing Zhang (@JingqingZ) - https://jingqingz.github.io
* Rundi Wu (@ChrisWul997) - http://chriswu1997.github.io
¢ Ruihai Wu (@warshallrho) - https://warshallrho.github.io/
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For TensorLayer 1.x, it was actively developed and maintained by the following people (in alphabetical order):
* Akara Supratak (@akaraspt) - https://akaraspt.github.io
» Fangde Liu (@fangde) - http://fangde.github.io/
* Guo Li (@Igarithm) - https://lgarithm.github.io
* Hao Dong (@zsdonghao) - https://zsdonghao.github.io
¢ Jonathan Dekhtiar (@ DEKHTIARJonathan) - https://www.jonathandekhtiar.eu
¢ Luo Mai (@luomai) - http://www.doc.ic.ac.uk/~Im111/
¢ Simiao Yu (@nebulaV) - https://nebulav.github.io

Numerous other contributors can be found in the Github Contribution Graph.

1.3.2 What to contribute

Your method and example
If you have a new method or example in terms of Deep learning and Reinforcement learning, you are welcome to
contribute.

* Provide your layer or example, so everyone can use it.

» Explain how it would work, and link to a scientific paper if applicable.

» Keep the scope as narrow as possible, to make it easier to implement.

Report bugs

Report bugs at the GitHub, we normally will fix it in 5 hours. If you are reporting a bug, please include:
* your TensorLayer, TensorFlow and Python version.
* steps to reproduce the bug, ideally reduced to a few Python commands.
* the results you obtain, and the results you expected instead.

If you are unsure whether the behavior you experience is a bug, or if you are unsure whether it is related to TensorLayer
or TensorFlow, please just ask on our mailing list first.

Fix bugs

Look through the GitHub issues for bug reports. Anything tagged with “bug” is open to whoever wants to implement
it. If you discover a bug in TensorLayer you can fix yourself, by all means feel free to just implement a fix and not
report it first.

Write documentation

Whenever you find something not explained well, misleading, glossed over or just wrong, please update it! The Edit
on GitHub link on the top right of every documentation page and the [source] link for every documented entity in the
API reference will help you to quickly locate the origin of any text.
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1.3.3 How to contribute

Edit on GitHub

As a very easy way of just fixing issues in the documentation, use the Edit on GitHub link on the top right of a
documentation page or the [source] link of an entity in the API reference to open the corresponding source file in
GitHub, then click the Edit this file link to edit the file in your browser and send us a Pull Request. All you need for
this is a free GitHub account.

For any more substantial changes, please follow the steps below to setup TensorLayer for development.

Documentation

The documentation is generated with Sphinx. To build it locally, run the following commands:

pip install Sphinx
sphinx—-quickstart

cd docs
make html

If you want to re-generate the whole docs, run the following commands:

cd docs
make clean
make html

To write the docs, we recommend you to install Local RTD VM.

Afterwards, open docs/_build/html/index.html to view the documentation as it would appear on readthe-
docs. If you changed a lot and seem to get misleading error messages or warnings, run make clean html to force
Sphinx to recreate all files from scratch.

When writing docstrings, follow existing documentation as much as possible to ensure consistency throughout the
library. For additional information on the syntax and conventions used, please refer to the following documents:

e reStructuredText Primer
* Sphinx reST markup constructs

* A Guide to NumPy/SciPy Documentation

Testing

TensorLayer has a code coverage of 100%, which has proven very helpful in the past, but also creates some duties:

e Whenever you change any code, you should test whether it breaks existing features by just running the test
scripts.

* Every bug you fix indicates a missing test case, so a proposed bug fix should come with a new test that fails
without your fix.

Sending Pull Requests

When you’re satisfied with your addition, the tests pass and the documentation looks good without any markup errors,
commit your changes to a new branch, push that branch to your fork and send us a Pull Request via GitHub’s web
interface.
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All these steps are nicely explained on GitHub: https://guides.github.com/introduction/flow/

When filing your Pull Request, please include a description of what it does, to help us reviewing it. If it is fixing an
open issue, say, issue #123, add Fixes #123, Resolves #123 or Closes #123 to the description text, so GitHub will close
it when your request is merged.

1.4 Get Involved in Research

1.4.1 Data Science Institute, Imperial College London

Data science is therefore by nature at the core of all modern transdisciplinary scientific activities, as it involves the
whole life cycle of data, from acquisition and exploration to analysis and communication of the results. Data science
is not only concerned with the tools and methods to obtain, manage and analyse data: it is also about extracting value
from data and translating it from asset to product.

Launched on 1st April 2014, the Data Science Institute at Imperial College London aims to enhance Imperial’s excel-
lence in data-driven research across its faculties by fulfilling the following objectives.

The Data Science Institute is housed in purpose built facilities in the heart of the Imperial College campus in South
Kensington. Such a central location provides excellent access to collabroators across the College and across London.

*» To act as a focal point for coordinating data science research at Imperial College by facilitating access to funding,
engaging with global partners, and stimulating cross-disciplinary collaboration.

* To develop data management and analysis technologies and services for supporting data driven research in the
College.

* To promote the training and education of the new generation of data scientist by developing and coordinating
new degree courses, and conducting public outreach programmes on data science.

* To advise College on data strategy and policy by providing world-class data science expertise.

* To enable the translation of data science innovation by close collaboration with industry and supporting com-
mercialization.

If you are interested in working with us, please check our vacancies and other ways to get involved , or feel free to
contact us.

1.5 FAQ

1.5.1 How to effectively learn TensorLayer

No matter what stage you are in, we recommend you to spend just 10 minutes to read the source code of TensorLayer
and the Understand layer / Your layer in this website, you will find the abstract methods are very simple for everyone.
Reading the source codes helps you to better understand TensorFlow and allows you to implement your own methods
easily. For discussion, we recommend Gitter, Help Wanted Issues, QQ group and Wechat group.

Beginner

For people who new to deep learning, the contributors provided a number of tutorials in this website, these tutorials
will guide you to understand autoencoder, convolutional neural network, recurrent neural network, word embedding
and deep reinforcement learning and etc. If your already understand the basic of deep learning, we recommend you to
skip the tutorials and read the example codes on Github , then implement an example from scratch.
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Engineer

For people from industry, the contributors provided mass format-consistent examples covering computer vision, nat-
ural language processing and reinforcement learning. Besides, there are also many TensorFlow users already im-
plemented product-level examples including image captioning, semantic/instance segmentation, machine translation,
chatbot and etc., which can be found online. It is worth noting that a wrapper especially for computer vision Tf-Slim
can be connected with TensorLayer seamlessly. Therefore, you may able to find the examples that can be used in your
project.

Researcher

For people from academia, TensorLayer was originally developed by PhD students who facing issues with other
libraries on implement novel algorithm. Installing TensorLayer in editable mode is recommended, so you can extend
your methods in TensorLayer. For research related to image processing such as image captioning, visual QA and etc.,
you may find it is very helpful to use the existing Tf-Slim pre-trained models with TensorLayer (a specially layer for
connecting Tf-Slim is provided).

1.5.2 Exclude some layers from training

You may need to get the list of variables you want to update, TensorLayer provides two ways to get the variables list.

The first way is to use the all_params of a network, by default, it will store the variables in order. You can print
the variables information via tl.layers.print_all_variables (train_only=True) or network.
print_params (details=False). To choose which variables to update, you can do as below.

’train_params = network.trainable_weights[3:]

The second way is to get the variables by a given name. For example, if you want to get all variables which the layer
name contains dense, you can do as below.

’train_params = network.get_layer ('dense') .trainable_weights

After you get the variable list, you can define your optimizer like that so as to update only a part of the variables.

train_weights = network.trainable_weights
optimizer.apply_gradients (zip(grad, train_weights))

1.5.3 Logging

TensorLayer adopts the Python logging module to log running information. The logging module would print logs to
the console in default. If you want to configure the logging module, you shall follow its manual.

1.5.4 Visualization

Cannot Save Image

If you run the script via SSH control, sometimes you may find the following error.

_tkinter.TclError: no display name and no S$SDISPLAY environment variable
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If this happens, run sudo apt-get install python3-tk or import matplotlib and matplotlib.
use ('Agg') before import tensorlayer as tl. Alternatively, add the following code into the top of
visualize.py orin your own code.

import matplotlib
matplotlib.use('Agg"')
import matplotlib.pyplot as plt

1.5.5 Install Master Version

To use all new features of TensorLayer, you need to install the master version from Github. Before that, you need to
make sure you already installed git.

[stable version] pip install tensorlayer
[master version] pip install git+https://github.com/tensorlayer/tensorlayer.git

1.5.6 Editable Mode

e 1. Download the TensorLayer folder from Github.
e 2. Before editing the TensorLayer . py file.

* If your script and TensorLayer folder are in the same folder, when you edit the . py inside Tensor-
Layer folder, your script can access the new features.

e If your script and TensorLayer folder are not in the same folder, you need to run the following
command in the folder contains setup . py before you edit . py inside TensorLayer folder.

pip install -e

1.5.7 Load Model

Note that,the t1.files.load_npz () canonly able to load the npz model saved by t1.files.save_npz ().
If you have a model want to load into your TensorLayer network, you can first assign your parameters into a list in
order,thenuse t1.files.assign_params () to load the parameters into your TensorLayer model.

1.6 Define a model

TensorLayer provides two ways to define a model. Static model allows you to build model in a fluent way while
dynamic model allows you to fully control the forward process.

1.6.1 Static model

import tensorflow as tf
from tensorlayer.layers import Input, Dropout, Dense
from tensorlayer.models import Model

def get_model (inputs_shape) :
ni = Input (inputs_shape)

(continues on next page)
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(continued from previous page)

nn = Dropout (keep=0.8) (ni)

nn = Dense(n_units=800, act=tf.nn.relu, name="densel") (nn)
nn = Dropout (keep=0.8) (nn)

nn = Dense(n_units=800, act=tf.nn.relu) (nn)

nn = Dropout (keep=0.8) (nn)

nn = Dense(n_units=10, act=tf.nn.relu) (nn)
M Model (inputs=ni, outputs=nn, name="mlp")
return M

MLP = get_model ([None, 784])
MLP.eval ()
outputs = MLP (data)

1.6.2 Dynamic model

In this case, you need to manually input the output shape of the previous layer to the new layer.

class CustomModel (Model) :

def _ init__ (self):
super (CustomModel, self).__init__ ()

self.dropoutl = Dropout (keep=0.28)

self.densel = Dense(n_units=800, act=tf.nn.relu, in_channels=784)
self.dropout2 = Dropout (keep=0.8) # (self.densel)

self.dense2 = Dense(n_units=800, act=tf.nn.relu, in_channels=800)
self.dropout3 = Dropout (keep=0.8) # (self.dense?2)

self.dense3 = Dense(n_units=10, act=tf.nn.relu, in_channels=800)

def forward(self, x, foo=False):

z = self.dropoutl (x)
z = self.densel (z)

z = self.dropout2(z)
z = self.dense2(z)

z = self.dropout3(z)
out = self.dense3(z)
if foo:

out = tf.nn.relu(out)
return out

MLP = CustomModel ()

MLP.eval ()

outputs = MLP (data, foo=True) # controls the forward here
outputs = MLP (data, foo=False)

1.6.3 Switching train/test modes

# method 1: switch before forward
Model.train() # enable dropout, batch norm moving avg
output = Model (train_data)

# training code here
Model.eval () # disable dropout, batch norm moving avg
output = Model (test_data)

(continues on next page)
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(continued from previous page)

# testing code here

# method 2: switch while forward
output = Model (train_data, is_train=True)
output = Model (test_data, is_train=False)

1.6.4 Reuse weights

For static model, call the layer multiple time in model creation

# create siamese network

def create_base_network (input_shape) :
""'Base network to be shared (eq. to feature extraction).
rrr
input = Input (shape=input_shape)
= Flatten () (input)
= Dense (128, act=tf.nn.relu) (x)
= Dropout (0.9) (x)
= Dense (128, act=tf.nn.relu) (x)
= Dropout (0.9) (x)
= Dense (128, act=tf.nn.relu) (x)
return Model (input, x)

XX X X X X

def get_siamese_network (input_shape) :

"""Create siamese network with shared base network as layer

base_layer = create_base_network (input_shape) .as_layer () # convert model as_
—layer

ni_1 = Input (input_shape)

ni_2 = Input (input_shape)

nn_1 = base_layer(ni_1) # call base_layer twice

nn_2 = base_layer (ni_2)

return Model (inputs=[ni_1, ni_2], outputs=[nn_1, nn_2])

siamese_net = get_siamese_network ([None, 784])

For dynamic model, call the layer multiple time in forward function

class MyModel (Model) :
def  init__ (self):
super (MyModel, self).__init__ ()
self.dense_shared = Dense(n_units=800, act=tf.nn.relu, in_channels=784)
self.densel = Dense(n_units=10, act=tf.nn.relu, in_channels=800)
self.dense2 = Dense(n_units=10, act=tf.nn.relu, in_channels=800)
self.cat = Concat ()

def forward(self, x):

x1 = self.dense_shared(x) # call dense shared twice
x2 = self.dense_shared(x)

x1 = self.densel (x1)

x2 = self.dense2 (x2)

out = self.cat ([x1l, x21)

(continues on next page)
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(continued from previous page)

return out

model = MyModel ()

1.6.5 Print model information

print (MLP) # simply call print function

# Model (

# (_inputlayer) : Input (shape=[None, 784], name='_inputlayer')

# (dropout) : Dropout (keep=0.8, name='dropout')

# (dense) : Dense (n_units=800, relu, in_channels='784"', name='dense')

# (dropout_1) : Dropout (keep=0.8, name='dropout_1")

# (dense_1): Dense(n_units=800, relu, in_channels='800', name='dense 1"'")
# (dropout_2) : Dropout (keep=0.8, name='dropout_2")

# (dense_2): Dense(n_units=10, relu, in channels='800', name='dense 2')
#

)

import pprint
pprint.pprint (MLP.confiqg) # print the model architecture

1.6.6 Get specific weights

We can get the specific weights by indexing or naming.

# indexing
all weights = MLP.all_weights
some_weights = MLP.all_weights[1l:3]

# naming
some_weights = MLP.get_layer ('densel') .all_weights

1.6.7 Save and restore model

We provide two ways to save and restore models

Save weights only

MLP.save_weights ('model_weights.h5'") # by default, file will be in hdf5 format
MLP.load_weights ('model_weights.h5")

Save model architecture and weights(optional)

# When using Model.load(), there is no need to reimplement or declare the_
—architecture of the model explicitly in code

MLP.save ('model.h5', save_weights=True)

MLP = Model.load('model.hb5', load_weights=True)
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1.6.8 Customizing layer

The fully-connected layer is

z = f(x*W+b)
class Dense (Layer) :
def _ init_ (self, n_units, act=None, in_channels=None, name=None) :
super (Dense, self)._ _init__ (name, act=act)
self.n_units = n_units
self.in_channels = in_channels

# for dynamic model, it needs the input shape to get the shape of W
if self.in_channels is not None:

self.build(self.in_channels)

self._built = True

def build(self, inputs_shape):
if self.in_channels is None and len (inputs_shape) != 2:
raise AssertionError ("The input dimension must be rank 2, please reshape_
—or flatten it")
if self.in_channels:

shape = [self.in_channels, self.n_units]
else:

self.in_channels = inputs_shape[l]

shape = [inputs_shape([l], self.n_units]

self.W = self._get_weights ("weights", shape=tuple (shape))
if self.b_init:
self.b = self._get_weights("biases", shape=(self.n_units, ))

@tf. function
def forward(self, inputs):
z = tf.matmul (inputs, self.W)
if self.b_init:
z = tf.add(z, self.b)
if self.act:
z = self.act(z)
return z

1.7 Advanced features

1.7.1 Pre-trained CNN

Get entire CNN

import tensorflow as tf

import tensorlayer as tl

import numpy as np

from tensorlayer.models.imagenet_classes import class_names

vgg = tl.models.vggl6 (pretrained=True)

img = tl.vis.read_image('data/tiger.jpeg')

img = tl.prepro.imresize (img, (224, 224)) .astype(np.float32) / 255
output = vgg(img, is_train=False)
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Get a part of CNN

# get VGG without the last layer

cnn = tl.models.vggl6 (end_with='"fc2_relu', mode='static').as_layer ()
# add one more layer and build a new model

ni = Input ([None, 224, 224, 3], name="inputs")

nn = cnn(ni)
nn = tl.layers.Dense(n_units=100, name='out') (nn)
model = tl.models.Model (inputs=ni, outputs=nn)

# train your own classifier (only update the last layer)
train_params = model.get_layer('out').all_weights

Reuse CNN

# in dynamic model, we can directly use the same model
# in static model

vgg_layer = tl.models.vggl6 () .as_layer()

ni_1 = tl.layers.Input ([None, 224, 224, 3])

ni_2 = tl.layers.Input ([None, 224, 224, 3])

= vgg_layer(ni_1)

= vgg_layer (ni_2)

= Model (inputs=[ni_1, ni_2], outputs=[a_l, a_2])

N -

a_
a_
M
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CHAPTER
TWO

API REFERENCE

If you are looking for information on a specific function, class or method, this part of the documentation is for you.

2.1 API - Activations

To make TensorLayer simple, we minimize the number of activation functions as much as we can. So we encourage
you to use TensorFlow’s function. TensorFlow provides tf.nn.relu, tf.nn.relu6, tf.nn.elu, tf.nn.
softplus, tf.nn.softsign and so on. For parametric activation, please read the layer APIs.

The shortcut of tensorlayer.activationis tensorlayer.act.

2.1.1 Your activation

Customizes activation function in TensorLayer is very easy. The following example implements an activation that
multiplies its input by 2. For more complex activation, TensorFlow API will be required.

def double_activation (x) :
return x * 2

double_activation = lambda x: x * 2

A file containing various activation functions.

leaky_relu(x[, alpha, name])

leaky_relu can be used through its shortcut: t1.act.
lrelu().

leaky_ relub6(x[, alpha, name])

leaky _relué6 () can be used through its shortcut:
tl.act.lrelu6 ().

leaky_twice_relu6(x[, alpha_low,...])

leaky_ twice_relub6 () can be used through its
shortcut: : func: ' tl.act.ltrelu6 ().

ramp(X[, v_min, v_max, name])

Ramp activation function.

swish(x[, name])

Swish function.

sign(x)

Sign function.

hard_tanh(x[, name])

Hard tanh activation function.

pixel_ wise_softmax(x[, name])

Return the softmax outputs of images, every pixels have
multiple label, the sum of a pixel is 1.
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2.1.2 Ramp

tensorlayer.activation.ramp (x, v_min=0, v_max=1, name=None)

Ramp activation function.
Reference: [tf.clip_by_value]<https://www.tensorflow.org/api_docs/python/tf/clip_by_value>
Parameters
* x (Tensor) —input.
e v_min (float) - cap input to v_min as a lower bound.
* v_max (float)— cap input to v_max as a upper bound.
* name (str)— The function name (optional).
Returns A Tensor in the same type as x.

Return type Tensor

2.1.3 Leaky RelLU

tensorlayer.activation.leaky_relu (x, alpha=0.2, name="leaky_relu’)

leaky_relu can be used through its shortcut: t1.act.lrelu().

This function is a modified version of ReLU, introducing a nonzero gradient for negative input. Introduced by
the paper: Rectifier Nonlinearities Improve Neural Network Acoustic Models [A. L. Maas et al., 2013]

The function return the following results:

e Whenx<0: £ (x) = alpha_low * x.
e Whenx>=0: £ (x) = x.
Parameters

* x (Tensor) — Support input type £1loat, double, int32, int64, uint8, int16, or
int8.

* alpha (float) - Slope.

* name (str)— The function name (optional).

Examples

>>> import tensorlayer as tl

>>> net = tl.layers.Input ([10, 200])

>>> net = tl.layers.Dense(n_units=100, act=lambda x : tl.act.lrelu(x, 0.2), name=
—'dense') (net)

Returns A Tensor in the same type as x.

Return type Tensor

References

» Rectifier Nonlinearities Improve Neural Network Acoustic Models [A. L. Maas et al., 2013]
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2.1.4 Leaky RelLU6
tensorlayer.activation.leaky_relu6 (x, alpha=0.2, name="leaky_relu6’)
leaky_relué6 () canbe used through its shortcut: t1.act.lrelu6 ().

This activation function is a modified version leaky_ relu () introduced by the following paper: Rectifier
Nonlinearities Improve Neural Network Acoustic Models [A. L. Maas et al., 2013]

This activation function also follows the behaviour of the activation function t £ .nn.relué6 () introduced by
the following paper: Convolutional Deep Belief Networks on CIFAR-10 [A. Krizhevsky, 2010]

The function return the following results:
e Whenx<0: £ (x) = alpha_low * x.
e Whenxin [0, 6]: £f(x) = x.
e Whenx>6: £(x) = 6.

Parameters

* x (Tensor) — Support input type float, double, int32, int64, uint8, int16, or
int8.

* alpha (float) - Slope.

* name (str)— The function name (optional).

Examples

>>> import tensorlayer as tl
>>> net = tl.layers.Input([10, 200])
>>> net = tl.layers.Dense(n_units=100, act=lambda x : tl.act.leaky_relu6(x, 0.2),

—name="dense') (net)

Returns A Tensor in the same type as x.

Return type Tensor

References

» Rectifier Nonlinearities Improve Neural Network Acoustic Models [A. L. Maas et al., 2013]

¢ Convolutional Deep Belief Networks on CIFAR-10 [A. Krizhevsky, 2010]

2.1.5 Twice Leaky ReLU6

tensorlayer.activation.leaky_ twice_relu6 (x, alpha_low=0.2, alpha_high=0.2,
name="leaky_relu6’)
leaky_twice_relué () canbe used through its shortcut: : func: tl.act.ltrelu6 ().

This activation function is a modified version leaky_ relu () introduced by the following paper: Rectifier
Nonlinearities Improve Neural Network Acoustic Models [A. L. Maas et al., 2013]

This activation function also follows the behaviour of the activation function t £ .nn.relu6 () introduced by
the following paper: Convolutional Deep Belief Networks on CIFAR-10 [A. Krizhevsky, 2010]

This function push further the logic by adding leaky behaviour both below zero and above six.
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The function return the following results:
e Whenx<0: £ (x) =
e When xin [0, 6]: £ (x)

e Whenx >6: £ (x)

alpha_low * x.

X.

= 6 + (alpha_high % (x-6)).

Parameters

* x (Tensor) — Support input type £1loat, double, int32, int64, uint8, int16, or

int8.

* alpha_low (float)— Slope for x < 0: £ (x)
* alpha_high (float)—Slope forx<6: f (x) = 6

* name (str)— The function name (optional).

(alpha_high =«

alpha_low * x.

(x-6)).

Examples
>>> import tensorlayer as tl
>>> net = tl.layers.Input([10, 200])
>>> net = tl.layers.Dense(n_units=100, act=lambda x : tl.act.leaky_twice_relub (x,
—~0.2, 0.2), name='dense') (net)
Returns A Tensor in the same type as x.
Return type Tensor
References

» Rectifier Nonlinearities Improve Neural Network Acoustic Models [A. L. Maas et al., 2013]

* Convolutional Deep Belief Networks on CIFAR-10 [A. Krizhevsky, 2010]

2.1.6 Swish

tensorlayer.activation.swish (x, name="swish’)
Swish function.

See Swish: a Self-Gated Activation Function.

Parameters

* x (Tensor) — input.

* name (str)— function name (optional).
Returns A Tensor in the same type as x.

Return type Tensor
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2.1.7 Sign
tensorlayer.activation.sign (x)
Sign function.

Clip and binarize tensor using the straight through estimator (STE) for the gradient, usually be used for quan-
tizing values in Binarized Neural Networks: https://arxiv.org/abs/1602.02830.

Parameters x (Tensor) — input.
Returns A Tensor in the same type as x.

Return type Tensor

References
* Rectifier Nonlinearities Improve Neural Network Acoustic Models, Maas et al. (2013) http:
/Iweb.stanford.edu/~awni/papers/relu_hybrid_icml2013_final.pdf

¢ BinaryNet: Training Deep Neural Networks with Weights and Activations Constrained to +1 or -1, Courbariaux et al. (2
https://arxiv.org/abs/1602.02830

2.1.8 Hard Tanh

tensorlayer.activation.hard_tanh (x, name="htanh’)
Hard tanh activation function.

Which is a ramp function with low bound of -1 and upper bound of 1, shortcut is htanh.
Parameters
* x (Tensor) — input.
* name (str)— The function name (optional).
Returns A Tensor in the same type as x.

Return type Tensor

2.1.9 Pixel-wise softmax

tensorlayer.activation.pixel_wise_softmax (x, name="pixel_wise_softmax’)
Return the softmax outputs of images, every pixels have multiple label, the sum of a pixel is 1.

Warning: THIS FUNCTION IS DEPRECATED: It will be removed after after 2018-06-30.
Instructions for updating: This API will be deprecated soon as tf.nn.softmax can do the same
thing.

Usually be used for image segmentation.
Parameters
e x(Tensor) —
input.

— For 2d image, 4D tensor (batch_size, height, weight, channel), where channel >= 2.
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— For 3d image, 5D tensor (batch_size, depth, height, weight, channel), where channel
>=2.

* name (str)— function name (optional)
Returns A Tensor in the same type as x.

Return type Tensor

Examples

>>> outputs = pixel wise_softmax (network.outputs)
>>> dice_loss = 1 - dice_coe(outputs, y_, epsilon=le-5)

References

o tf.reverse

2.1.10 Parametric activation

See tensorlayer.layers.

2.2 API - Array Operations

A file containing functions related to array manipulation.

alphas(shape, alpha_value[, name]) Creates a tensor with all elements set to alpha_value.
alphas_11ike(tensor, alpha_value[, name, ...]) Creates a tensor with all elements set to alpha_value.

2.2.1 Tensorflow Tensor Operations

tl.alphas

tensorlayer.array_ops.alphas (shape, alpha_value, name=None)
Creates a tensor with all elements set to alpha_value. This operation returns a tensor of type drype with shape
shape and all elements set to alpha.

Parameters

* shape (A list of integers, a tuple of integers, or a 1-D Tensor of type int32.) — The shape
of the desired tensor

* alpha_value (float32, float64, int8, uint8, intl6, uintl6, int32°, int64) — The value used
to fill the resulting Tensor.

* name (str)— A name for the operation (optional).
Returns

Return type A Tensor with all elements set to alpha.
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Examples

>>> tl.alphas([2, 3], tf.int32) # [[alpha, alpha, alpha], [alpha, alpha, alphall

tl.alphas_like

tensorlayer.array_ops.alphas_1like (fensor, alpha_value, name=None, optimize=True)
Creates a tensor with all elements set to alpha_value. Given a single tensor (fensor), this operation returns a
tensor of the same type and shape as fensor with all elements set to alpha_value.

Parameters
* tensor (tf. Tensor) — The Tensorflow Tensor that will be used as a template.

* alpha_value (float32, float64, int8, uint8, intl6, uintl6, int32°, int64) — The value used
to fill the resulting Tensor.

* name (str)— A name for the operation (optional).

* optimize (bool) - if true, attempt to statically determine the shape of ‘tensor’ and en-
code it as a constant.

Returns

Return type A Tensor with all elements set to alpha_value.

Examples

>>> tensor = tf.constant ([[1, 2, 31, [4, 5, 6]1)
>>> tl.alphas_like (tensor, 0.5) # [[0.5, 0.5, 0.5], [0.5, 0.5, 0.5]]

2.3 API - Cost

To make TensorLayer simple, we minimize the number of cost functions as much as we can. So we encourage you to
use TensorFlow’s function, , see TensorFlow API.

Note: Please refer to Getting Started for getting specific weights for weight regularization.

cross_entropy(output, target[, name]) Softmax cross-entropy operation, returns the Tensor-
Flow expression of cross-entropy for two distributions,
it implements softmax internally.

sigmoid_cross_entropy(output, target[, name]) Sigmoid cross-entropy operation, see tf.nn.
sigmoid_cross_entropy_with_logits.

binary_cross_entropy(output, target[, ...]) Binary cross entropy operation.

mean_squared_error(output, target[, ...]) Return the TensorFlow expression of mean-square-error
(L2) of two batch of data.

normalized mean_square_error(output, tar- Return the TensorFlow expression of normalized mean-

get) square-error of two distributions.
absolute_difference_error(output, target[, Return the TensorFlow expression of absolute differ-
D ence error (L1) of two batch of data.

Continued on next page
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Table 3 — continued from previous page

dice_coe(output, target[, loss_type, axis, ...])

Soft dice (Sgrensen or Jaccard) coefficient for compar-
ing the similarity of two batch of data, usually be used
for binary image segmentation i.e.

dice_hard _coe(output, target[, threshold, ...])

Non-differentiable Sgrensen—Dice coefficient for com-
paring the similarity of two batch of data, usually be
used for binary image segmentation i.e.

1ou_coe(output, target[, threshold, axis, ...])

Non-differentiable Intersection over Union (IoU) for
comparing the similarity of two batch of data, usually
be used for evaluating binary image segmentation.

cross_entropy_seqg(logits, target_seqs[, ...])

Returns the expression of cross-entropy of two se-
quences, implement softmax internally.

cross_entropy_seq _with_mask(logits, ...[,

)

Returns the expression of cross-entropy of two se-
quences, implement softmax internally.

cosine_similarity(vl,v2)

Cosine similarity [-1, 1].

1i_regularizer(scale[, scope])

Li regularization removes the neurons of previous layer.

lo_regularizer(scale)

Lo regularization removes the neurons of current layer.

maxnorm_regularizer([scale])

Max-norm regularization returns a function that can be
used to apply max-norm regularization to weights.

maxnorm_o_regularizer(scale)

Max-norm output regularization removes the neurons of
current layer.

maxnorm_1i_reqgularizer(scale)

Max-norm input regularization removes the neurons of
previous layer.

huber_1oss(output, target[, is_mean, delta, ...])

Huber Loss operation, see https://en.
wikipedia.org/wiki/Huber_loss.

2.3.1 Softmax cross entropy

tensorlayer.cost.cross_entropy (output, target, name=None)
Softmax cross-entropy operation, returns the TensorFlow expression of cross-entropy for two distributions, it
implements softmax internally. See t f .nn.sparse_softmax_cross_entropy_with_logits.

Parameters

* output (Tensor)— A batch of distribution with shape: [batch_size, num of classes].

* target (Tensor) — A batch of index with shape: [batch_size, ].

* name (string)— Name of this loss.

Examples

>>> import tensorlayer as tl
>>> ce = tl.cost.cross_entropy(y_logits,

y_target_logits, 'my_ loss')

References

* About cross-entropy: https://en.wikipedia.org/wiki/Cross_entropy.

¢ The code is borrowed from: https://en.wikipedia.org/wiki/Cross_entropy.
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2.3.2 Sigmoid cross entropy
tensorlayer.cost.sigmoid_cross_entropy (output, target, name=None)
Sigmoid cross-entropy operation, see t £ .nn.sigmoid_cross_entropy_with_logits.
Parameters
* output (Tensor) — A batch of distribution with shape: [batch_size, num of classes].
* target (Tensor) — A batch of index with shape: [batch_size, ].

* name (string)— Name of this loss.

2.3.3 Binary cross entropy
tensorlayer.cost.binary_ cross_entropy (output, target, epsilon=1e-08, name="bce_loss’)
Binary cross entropy operation.
Parameters
* output (Tensor) — Tensor with type of float32 or float64.
* target (Tensor) — The target distribution, format the same with output.
* epsilon (float)— A small value to avoid output to be zero.

* name (str)— An optional name to attach to this function.

References

e ericjang-DRAW

2.3.4 Mean squared error (L2)

tensorlayer.cost .mean_squared_error (output, target, is_mean=False, axis=-1,

name="mean_squared_error’)
Return the TensorFlow expression of mean-square-error (L2) of two batch of data.

Parameters

* output (Tensor)—2D, 3D or 4D tensor i.e. [batch_size, n_feature], [batch_size, height,
width] or [batch_size, height, width, channel].

* target (Tensor) — The target distribution, format the same with output.
* is_mean (boolean)—
Whether compute the mean or sum for each example.

— If True, use t£.reduce_mean to compute the loss between one target and predict
data.

— If False, use t £ . reduce_ sum (default).
e axis (int or list of int)- The dimensions to reduce.

* name (str)— An optional name to attach to this function.
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References

* Wiki Mean Squared Error

2.3.5 Normalized mean square error

tensorlayer.cost.normalized _mean_square_error (oulput, target, axis=-1,

name="normalized_mean_squared_error_loss’)
Return the TensorFlow expression of normalized mean-square-error of two distributions.

Parameters

* output (Tensor)—2D, 3D or 4D tensor i.e. [batch_size, n_feature], [batch_size, height,
width] or [batch_size, height, width, channel].

* target (Tensor) — The target distribution, format the same with output.
* axis (int or list of int)- The dimensions to reduce.

* name (str)— An optional name to attach to this function.

2.3.6 Absolute difference error (L1)

tensorlayer.cost.absolute_difference_error (output, target, is_mean=False, axis=-1,

name="absolute_difference_error_loss’)
Return the TensorFlow expression of absolute difference error (L1) of two batch of data.

Parameters

* output (Tensor)—2D, 3D or 4D tensor i.e. [batch_size, n_feature], [batch_size, height,
width] or [batch_size, height, width, channel].

* target (Tensor) — The target distribution, format the same with output.
* is_mean (boolean)—
Whether compute the mean or sum for each example.

— If True, use t £.reduce_mean to compute the loss between one target and predict
data.

— If False, use t £ . reduce_sum (default).
e axis (int or list of int)- The dimensions to reduce.

* name (str)— An optional name to attach to this function.

2.3.7 Dice coefficient

tensorlayer.cost.dice_coe (output, target, loss_type=’jaccard’, axis=(1, 2, 3), smooth=1e-05)
Soft dice (Sgrensen or Jaccard) coefficient for comparing the similarity of two batch of data, usually be used for
binary image segmentation i.e. labels are binary. The coefficient between O to 1, 1 means totally match.

Parameters
* output (Tensor)— A distribution with shape: [batch_size, ....], (any dimensions).
* target (Tensor) — The target distribution, format the same with output.

* loss_type (str) - jaccard or sorensen, defaultis jaccard.
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e axis (tuple of int)- All dimensions are reduced, default [1, 2, 3].
e smooth (float)—
This small value will be added to the numerator and denominator.
— If both output and target are empty, it makes sure dice is 1.

— If either output or target are empty (all pixels are background), dice = * smooth/
(small_value + smooth), then if smooth is very small, dice close to O (even
the image values lower than the threshold), so in this case, higher smooth can have a
higher dice.

Examples

>>> import tensorlayer as tl

>>> outputs = tl.act.pixel_wise_softmax (outputs)
>>> dice_loss = 1 - tl.cost.dice_coe (outputs, vy_)
References

¢ Wiki-Dice

2.3.8 Hard Dice coefficient

tensorlayer.cost.dice_hard_coe (output, target, threshold=0.5, axis=(1, 2, 3), smooth=1e-05)
Non-differentiable Sgrensen—Dice coefficient for comparing the similarity of two batch of data, usually be used
for binary image segmentation i.e. labels are binary. The coefficient between O to 1, 1 if totally match.

Parameters
* output (tensor) — A distribution with shape: [batch_size, ....], (any dimensions).
* target (tensor)— The target distribution, format the same with output.
e threshold (float) — The threshold value to be true.
e axis (tuple of integer)— All dimensions are reduced, default (1,2, 3).

e smooth (float) — This small value will be added to the numerator and denominator, see
dice_coe.

References

¢ Wiki-Dice

2.3.9 10U coefficient

tensorlayer.cost.iou_coe (output, target, threshold=0.5, axis=(1, 2, 3), smooth=1e-05)
Non-differentiable Intersection over Union (IoU) for comparing the similarity of two batch of data, usually be
used for evaluating binary image segmentation. The coefficient between 0 to 1, and 1 means totally match.

Parameters

* output (tensor) — A batch of distribution with shape: [batch_size, ....], (any dimen-
sions).
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* target (tensor)— The target distribution, format the same with output.
* threshold (float)— The threshold value to be true.
* axis (tuple of integer)— All dimensions are reduced, default (1,2, 3).

e smooth (float) — This small value will be added to the numerator and denominator, see
dice_coe.

Notes

* JoU cannot be used as training loss, people usually use dice coefficient for training, IoU and hard-dice for
evaluating.

2.3.10 Cross entropy for sequence

tensorlayer.cost.cross_entropy_seq (logits, target_seqs, batch_size=None)
Returns the expression of cross-entropy of two sequences, implement softmax internally. Normally be used for
fixed length RNN outputs, see PTB example.

Parameters
* logits (Tensor) — 2D tensor with shape of [batch_size * n_steps, n_classes].

* target_seqgs (Tensor) — The target sequence, 2D tensor [batch_size, n_steps], if the
number of step is dynamic, please use t1.cost.cross_entropy_seq with mask
instead.

* batch_size (None or int.)-—
Whether to divide the cost by batch size.
— If integer, the return cost will be divided by batch_size.

— If None (default), the return cost will not be divided by anything.

Examples

>>> import tensorlayer as tl

>>> # see 'PIB example <https://github.com/tensorlayer/tensorlayer/blob/master/
—example/tutorial_pthb_lstm.py>'___.for more details

>>> # outputs shape : (batch_size * n_steps, n_classes)

>>> # targets shape : (batch_size, n_steps)

>>> cost = tl.cost.cross_entropy_seq(outputs, targets)

2.3.11 Cross entropy with mask for sequence

tensorlayer.cost.cross_entropy_ seq with_mask (logits, target_seqs, input_mask, re-

) _ turn_details=False, name=None)
Returns the expression of cross-entropy of two sequences, implement softmax internally. Normally be used for

Dynamic RNN with Synced sequence input and output.
Parameters

* logits (Tensor)—2D tensor with shape of [batch_size * ?, n_classes], 7 means dynamic
IDs for each example. - Can be get from DynamicRNNLayer by setting return_seq_2d
to True.
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* target_segs (Tensor) — int of tensor, like word ID. [batch_size, 7], 7 means dynamic
IDs for each example.

* input_mask (Tensor)-The mask to compute loss, it has the same size with target_segs,
normally O or 1.

* return_details (boolean)—
Whether to return detailed losses.
— If False (default), only returns the loss.

— If True, returns the loss, losses, weights and targets (see source code).

Examples

>>> import tensorlayer as tl
>>> import tensorflow as tf
>>> import numpy as np

>>> batch_size = 64
>>> vocab_size = 10000
>>> embedding_size = 256

>>> ni = tl.layers.Input ([batch_size, None], dtype=tf.int64)
>>> net = tl.layers.Embedding (

vocabulary_size = vocab_size,
embedding_size = embedding_size,
name = 'seq_embedding') (ni)

>>> net = tl.layers.RNN(
cell =tf.keras.layers.LSTMCell (units=embedding_size, dropout=0.1),
return_seq_2d = True,

name = 'dynamicrnn') (net)
>>> net = tl.layers.Dense (n_units=vocab_size, name="output") (net)
>>> model = tl.models.Model (inputs=ni, outputs=net)
>>> input_seqgs = np.random.randint (0, 10, size=(batch_size, 10), dtype=np.int64)
>>> target_seqgs = np.random.randint (0, 10, size=(batch_size, 10), dtype=np.int64)
>>> input_mask = np.random.randint (0, 2, size=(batch_size, 10), dtype=np.int64)
>>> outputs = model (input_seqgs, is_train=True)
>>> loss = tl.cost.cross_entropy_seq with_mask (outputs, target_seqs, input_mask)

2.3.12 Cosine similarity

tensorlayer.cost.cosine_similarity (v/,v2)
Cosine similarity [-1, 1].

Parameters v2 (v1,)— Tensor with the same shape [batch_size, n_feature].
References

* Wiki.

2.3.13 Regularization functions

For tf.nn.12_loss, tf.contrib.layers.ll_regularizer, tf.contrib.layers.
12_regularizer and tf.contrib.layers.sum_regularizer, see tensorflow API. Maxnorm
ANANAANANA - autofunction:: maxnorm_regularizer
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Special

tensorlayer.cost.li_regularizer (scale, scope=None)
Li regularization removes the neurons of previous layer. The i represents inputs. Returns a function that can be
used to apply group li regularization to weights. The implementation follows TensorFlow contrib.

Parameters
* scale (float)— A scalar multiplier Tensor. 0.0 disables the regularizer.
* scope (str)— An optional scope name for this function.
Returns
Return type A function with signature li(weights, name=None) that apply Li regularization.
:raises ValueError : if scale is outside of the range [0.0, 1.0] or if scale is not a float.:

tensorlayer.cost.lo_regularizer (scale)
Lo regularization removes the neurons of current layer. The o represents outputs Returns a function that can be
used to apply group lo regularization to weights. The implementation follows TensorFlow contrib.

Parameters scale (float) — A scalar multiplier Tensor. 0.0 disables the regularizer.

Returns

Return type A function with signature lo(weights, name=None) that apply Lo regularization.
:raises ValueError : If scale is outside of the range [0.0, 1.0] or if scale is not a float.:

tensorlayer.cost.maxnorm_o_regularizer (scale)
Max-norm output regularization removes the neurons of current layer. Returns a function that can be used
to apply max-norm regularization to each column of weight matrix. The implementation follows TensorFlow
contrib.

Parameters scale (float)— A scalar multiplier Tensor. 0.0 disables the regularizer.

Returns

Return type A function with signature mn_o(weights, name=None) that apply Lo regularization.
:raises ValueError : If scale is outside of the range [0.0, 1.0] or if scale is not a float.:

tensorlayer.cost.maxnorm_i_regularizer (scale)
Max-norm input regularization removes the neurons of previous layer. Returns a function that can be used to
apply max-norm regularization to each row of weight matrix. The implementation follows TensorFlow contrib.

Parameters scale (f1oat) — A scalar multiplier Tensor. 0.0 disables the regularizer.
Returns
Return type A function with signature mn_i(weights, name=None) that apply Lo regularization.

:raises ValueError : If scale is outside of the range [0.0, 1.0] or if scale is not a float.:

Huber Loss

tensorlayer.cost .huber loss (output, target, is_mean=True, delta=1.0, dynamichuber=False, re-

verse=False, axis=-1, epsilon=1e-05, name=None)
Huber Loss operation, see https://en.wikipedia.org/wiki/Huber_loss . Reverse Huber Loss

operation, see ‘’https://statweb.stanford.edu/~owen/reports/hhu.pdf’‘. Dynamic Reverse Huber Loss operation,
see “’https://arxiv.org/pdf/1606.00373.pdf” ‘.

Parameters
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output (Tensor) — A distribution with shape: [batch_size, ....], (any dimensions).
target (Tensor) — The target distribution, format the same with output.

is_mean (boolean) — Whether compute the mean or sum for each example. - If True,
use t £. reduce_mean to compute the loss between one target and predict data (default).
- If False, use t £ . reduce_sum.

delta (float) — The point where the huber loss function changes from a quadratic to
linear.

dynamichuber (boolean) — Whether compute the coefficient ¢ for each batch. - If
True, c is 20% of the maximal per-batch error. - If False, c is delta.

reverse (boolean) — Whether compute the reverse huber loss.
axis (int or list of int)- The dimensions to reduce.
epsilon — Eplison.

name (string)— Name of this loss.

2.4 API - Data Pre-Processing

affine_rotation_matrix([angle]) Create an affine transform matrix for image rotation.

affine_horizontal_ flip matrix([prob]) Create an affine transformation matrix for image hori-
zontal flipping.

affine_vertical_ flip_matrix([prob]) Create an affine transformation for image vertical flip-
ping.

affine_shift_matrix([wrg, hrg, w, h]) Create an affine transform matrix for image shifting.

affine_shear matrix([x_shear, y_shear]) Create affine transform matrix for image shearing.

affine_zoom matrix([zoom_range]) Create an affine transform matrix for zooming/scaling

an image’s height and width.

affine_respective_zoom _matrix([w_range, Get affine transform matrix for zooming/scaling that

h_range])

height and width are changed independently.

transform matrix_offset_center(matrix,y, Convertthe matrix from Cartesian coordinates (the ori-

X) gin in the middle of image) to Image coordinates (the
origin on the top-left of image).
affine_transform(x, transform_matrix[, ...]) Return transformed images by given an affine matrix in

Scipy format (x is height).

affine_transform cv2(X, transform_matrix[, Return transformed images by given an affine matrix in

D OpenCV format (x is width).
affine_transform_keypoints(coords_list, Transform keypoint coordinates according to a given
) affine transform matrix.
projective transform by points(Xx, src,  Projective transform by given coordinates, usually 4 co-
dst) ordinates.
rotation(x[, rg, is_random, row_index, ...]) Rotate an image randomly or non-randomly.
rotation_multi(x[, rg, is_random,...]) Rotate multiple images with the same arguments, ran-
domly or non-randomly.
crop(x, wrg, hrg[, is_random, row_index, ...]) Randomly or centrally crop an image.
crop_multi(x, wrg, hrg[, is_random, ...]) Randomly or centrally crop multiple images.
flip axis(x[, axis, is_random]) Flip the axis of an image, such as flip left and right, up

and down, randomly or non-randomly,

Continued on next page
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Table 4 — continued from previous page

flip axis_multi(X, axis[, is_random])

Flip the axises of multiple images together, such as flip
left and right, up and down, randomly or non-randomly,

shift(x[, wrg, hrg, is_random, row_index, ...])

Shift an image randomly or non-randomly.

shift_multi(x[, wrg, hrg, is_random,...])

Shift images with the same arguments, randomly or
non-randomly.

shear(x[, intensity, is_random, row_index, ...])

Shear an image randomly or non-randomly.

shear_mult i(x[, intensity, is_random, ...])

Shear images with the same arguments, randomly or
non-randomly.

shear2(x|[, shear, is_random, row_index, ...])

Shear an image randomly or non-randomly.

shear_multi2(X[, shear, is_random, ...])

Shear images with the same arguments, randomly or
non-randomly.

swirl(x[, center, strength, radius, ...])

Swirl an image randomly or non-randomly, see scikit-
image swirl API and example.

swirl_multi(x[, center, strength, radius, ...])

Swirl multiple images with the same arguments, ran-
domly or non-randomly.

elastic_transform(X, alpha, sigma[, mode, ...])

Elastic transformation for image as described in
[Simard2003].

elastic_transform _multi(x, alpha, sigmal,

)

Elastic transformation for images as described in
[Simard2003].

zoom(X[, zoom_range, flags, border_mode])

Zooming/Scaling a single image that height and width
are changed together.

respective_zoom(X[, h_range, w_range, ...])

Zooming/Scaling a single image that height and width
are changed independently.

zoom_mult i(x[, zoom_range, flags, border_mode])

Zoom in and out of images with the same arguments,
randomly or non-randomly.

brightness(x[, gamma, gain, is_random])

Change the brightness of a single image, randomly or
non-randomly.

brightness_multi(x[, gamma, gain, is_random])

Change the brightness of multiply images, randomly or
non-randomly.

illumination(Xx[, gamma, contrast, ...])

Perform illumination augmentation for a single image,
randomly or non-randomly.

rgb_to_hsv(rgb)

Input RGB image [0~255] return HSV image [0~1].

hsv_to_rgb(hsv)

Input HSV image [0~1] return RGB image [0~255].

adjust_hue(im[, hout, is_offset, is_clip, ...])

Adjust hue of an RGB image.

imresize(x|[, size, interp, mode])

Resize an image by given output size and method.

pixel_value_scale(im[, val, clip, is_random])

Scales each value in the pixels of the image.

samplewise_norm(x[, rescale, ...])

Normalize an image by rescale, samplewise centering
and samplewise centering in order.

featurewise_norm(X[, mean, std, epsilon])

Normalize every pixels by the same given mean and std,
which are usually compute from all examples.

channel_shift(x, intensity[, is_random, ... ])

Shift the channels of an image, randomly or non-
randomly, see numpy.rollaxis.

channel_ shift_multi(X, intensity[,...])

Shift the channels of images with the same arguments,
randomly or non-randomly, see numpy.rollaxis.

drop(x[, keep])

Randomly set some pixels to zero by a given keeping
probability.

array_to_img(x[, dim_ordering, scale])

Converts a numpy array to PIL image object (uint8 for-
mat).

find_contours(x[, level, fully_connected, ...])

Find iso-valued contours in a 2D array for a given
level value, returns list of (n, 2)-ndarrays see skim-
age.measure.find_contours.

Continued on next page
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Table 4 — continued from previous page

pt2map([list_points, size, val])

Inputs a list of points, return a 2D image.

binary dilation(x[, radius])

Return fast binary morphological dilation of an image.

dilation(x[, radius])

Return greyscale morphological dilation of an image,
see skimage.morphology.dilation.

binary erosion(x[, radius])

Return binary morphological erosion of an image, see
skimage.morphology.binary_erosion.

erosion(x[, radius])

Return greyscale morphological erosion of an image,
see skimage.morphology.erosion.

obj_box_coord_rescale([coord, shape])

Scale down one coordinates from pixel unit to the ratio
of image size i.e.

obj_box_coords_rescale([coords, shape])

Scale down a list of coordinates from pixel unit to the
ratio of image size i.e.

obj_box_ coord _scale to_pixelunit(coord|,

shape])

Convert one coordinate [x, y, w (or x2), h (or y2)] in
ratio format to image coordinate format.

obj_box_coord _centroid to_upleft_butrigCofseordne coordinate [X_center, y_center, w, h] to [x1,

y1, x2, y2] in up-left and botton-right format.

obj_box_coord_upleft_butright_to_centro€dfweotdne coordinate [x1, yl, x2, y2] to [x_center,

y_center, w, h].

obj _box coord centroid to_upleft(coord)

Convert one coordinate [x_center, y_center, w, h] to [X,
y, W, h].

obj_box_coord _upleft_to_centroid(coord)

Convert one coordinate [x, y, w, h] to [x_center,
y_center, w, h].

parse_darknet_ann_str_to_1ist(annotations)

Input string format of class, x, y, w, h, return list of list
format.

parse _darknet_ann_list_to_cls box(annotatiBasge darknet annotation format into two lists for class

and bounding box.

obj _box _horizontal_f1ip(@im[,coords,...])

Left-right flip the image and coordinates for object de-
tection.

obj_box_imresize(im[, coords, size, interp, ...])

Resize an image, and compute the new bounding box
coordinates.

obj_box_crop(im[, classes, coords, wrg, ...])

Randomly or centrally crop an image, and compute the
new bounding box coordinates.

obj_box_shift(iml[, classes, coords, wrg, ...])

Shift an image randomly or non-randomly, and compute
the new bounding box coordinates.

obj_box_zoom(iml, classes, coords, ...])

Zoom in and out of a single image, randomly or non-
randomly, and compute the new bounding box coordi-
nates.

keypoint_random crop(image, annos[, mask, Randomly crop an image and corresponding

size]) keypoints without influence scales, given by
keypoint_random_resize_shortestedge.

keypoint_resize random_crop(image, an- Reszie the image to make either its width or height

nos|[,...])

equals to the given sizes.

keypoint_random_rotate(image, annos[, mask,
rg])

Rotate an image and corresponding keypoints.

keypoint_random_f1lip(image, annos[, mask,

)

Flip an image and corresponding keypoints.

keypoint_random_ resize(image, annos[, mask,

D

Randomly resize an image and corresponding key-
points.

keypoint_random _resize_shortestedge(imag®&andomly resize an image and corresponding keypoints

annos)

based on shorter edgeself.

Continued on next page
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Table 4 — continued from previous page

pad_sequences(sequences[, maxlen, dtype, ...])

Pads each sequence to the same length: the length of the
longest sequence.

remove_pad_sequences(sequences[, pad_id])

Remove padding.

process_sequences(sequences[, end_id, ...])

Set all tokens(ids) after END token to the padding value,
and then shorten (option) it to the maximum sequence
length in this batch.

sequences_add_start_id(sequences|, ...])

Add special start token(id) in the beginning of each se-
quence.

sequences_add_end_1id(sequences[, end_id])

Add special end token(id) in the end of each sequence.

sequences_add_end_id_after_ pad(sequences|,

D

Add special end token(id) in the end of each sequence.

sequences_get_mask(sequences[, pad_val])

Return mask for sequences.

2.4.1 Affine Transform

Python can be FAST

Image augmentation is a critical step in deep learning. Though TensorFlow has provided t £ . image, image augmen-
tation often remains as a key bottleneck. t £ . image has three limitations:

* Real-world visual tasks such as object detection, segmentation, and pose estimation must cope with image
meta-data (e.g., coordinates). These data are beyond t £ . image which processes images as tensors.

e tf.image operators breaks the pure Python programing experience (i.e., users have to use t £ . py_func in
order to call image functions written in Python); however, frequent uses of t £.py_func slow down Tensor-
Flow, making users hard to balance flexibility and performance.

e tf.image APl is inflexible. Image operations are performed in an order. They are hard to jointly optimize.
More importantly, sequential image operations can significantly reduces the quality of images, thus affecting
training accuracy.

TensorLayer addresses these limitations by providing a high-performance image augmentation API in Python. This
API bases on affine transformation and cv2.wrapAffine. It allows you to combine multiple image processing
functions into a single matrix operation. This combined operation is executed by the fast cv2 library, offering 78x
performance improvement (observed in openpose-plus for example). The following example illustrates the rationale
behind this tremendous speed up.

Example

The source code of complete examples can be found here. The following is a typical Python program that applies
rotation, shifting, flipping, zooming and shearing to an image,

image = tl.vis.read_image ('tiger.jpeg')

xx = tl.prepro.rotation(image, rg=-20, is_random=False)

xx = tl.prepro.flip_axis(xx, axis=1, is_random=False)

xx = tl.prepro.shear2(xx, shear=(0., -0.2), is_random=False)
xx = tl.prepro.zoom(xx, zoom_range=0.8)

xx = tl.prepro.shift (xx, wrg=-0.1, hrg=0, is_random=False)
tl.vis.save_image (xx, '_result_slow.png')

However, by leveraging affine transformation, image operations can be combined into one:
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# 1. Create required affine transformation matrices

M_rotate = tl.prepro.affine_rotation_matrix (angle=20)

M_flip = tl.prepro.affine_horizontal flip_matrix (prob=1)

M_shift = tl.prepro.affine_shift_matrix(wrg=0.1, hrg=0, h=h, w=w)
M_shear = tl.prepro.affine_shear matrix(x_shear=0.2, y_shear=0)
M_zoom = tl.prepro.affine_zoom _matrix(zoom_range=0.8)

# 2. Combine matrices
# NOTE: operations are applied in a reversed order (i.e., rotation is performed first)
M_combined = M_shift.dot (M_zoom) .dot (M_shear) .dot (M_flip) .dot (M_rotate)

# 3. Convert the matrix from Cartesian coordinates (the origin in the middle of image)
# to image coordinates (the origin on the top-left of image)
transform_matrix = tl.prepro.transform matrix_offset_center (M_combined, x=w, y=h)

# 4. Transform the image using a single operation
result = tl.prepro.affine_transform_cv2 (image, transform _matrix) # 76 times faster

tl.vis.save_image (result, '_result_fast.png')

The following figure illustrates the rational behind combined affine transformation.

Split transformation

Cartesian coordinate

y Mrotate zoom
< [% cos(8) 51n(6) 0 Cx
[J’z —[—sm(ﬂ) cos(ﬁ) 0 [ l ys = Cy DH
1 0
R tati Zoomln /Scalin
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Combined transformation

Mzoom X Mrotatc
X3 ' X
— e Iy3]:Mcomhinex y] — e P
1 1

Original Result

Using combined affine transformation has two key benefits. First, it allows you to leverage a pure Python API to
achieve orders of magnitudes of speed up in image augmentation, and thus prevent data pre-processing from becoming
a bottleneck in training. Second, performing sequential image transformation requires multiple image interpolations.
This produces low-quality input images. In contrast, a combined transformation performs the interpolation only once,
and thus preserve the content in an image. The following figure illustrates these two benefits:
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Original Split transformation Combined transformation

L5 B A |

\ missingy

rotate, shift, flip, zoom, shear

The major reason for combined affine transformation being fast is because it has lower computational complexity.
Assume we have k affine transformations T1, ..., Tk, where Ti can be represented by 3x3 matrixes. The se-
quential transformation can be represented asy = Tk (... T1(x)), and the time complexity is O (k N) where
N is the cost of applying one transformation to image x. N is linear to the size of x. For the combined transformation
y = (Tk ... T1l) (x) the time complexity is O (27 (k - 1) + N) = max{0(27k), O(N)} = O(N)
(assuming 27k << N) where 27 = 3”3 is the cost for combining two transformations.

Get rotation matrix
tensorlayer.prepro.affine_rotation_matrix (angle=(-20, 20))
Create an affine transform matrix for image rotation. NOTE: In OpenCYV, x is width and y is height.
Parameters angle (int/float or tuple of two int/float)-
Degree to rotate, usually -180 ~ 180.
* int/float, a fixed angle.
* tuple of 2 floats/ints, randomly sample a value as the angle between these 2 values.
Returns An affine transform matrix.

Return type numpy.array

Get horizontal flipping matrix

tensorlayer.prepro.affine_horizontal_ flip matrix (prob=0.5)
Create an affine transformation matrix for image horizontal flipping. NOTE: In OpenCYV, x is width and y is
height.

Parameters prob (f1oat)— Probability to flip the image. 1.0 means always flip.
Returns An affine transform matrix.

Return type numpy.array

Get vertical flipping matrix

tensorlayer.prepro.affine_vertical_ flip matrix (prob=0.5)
Create an affine transformation for image vertical flipping. NOTE: In OpenCV, x is width and y is height.
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Parameters prob (f1oat)— Probability to flip the image. 1.0 means always flip.
Returns An affine transform matrix.

Return type numpy.array

Get shifting matrix
tensorlayer.prepro.affine_shift_matrix (wrg=(-0.1,0.1), hrg=(-0.1, 0.1), w=200, h=200)
Create an affine transform matrix for image shifting. NOTE: In OpenCV, x is width and y is height.
Parameters
* wrg (float or tuple of floats)-
Range to shift on width axis, -1 ~ 1.
— float, a fixed distance.
— tuple of 2 floats, randomly sample a value as the distance between these 2 values.
* hrg(float or tuple of floats)-—
Range to shift on height axis, -1 ~ 1.
— float, a fixed distance.
— tuple of 2 floats, randomly sample a value as the distance between these 2 values.
* h (w,)— The width and height of the image.
Returns An affine transform matrix.

Return type numpy.array

Get shearing matrix
tensorlayer.prepro.affine_shear matrix (x_shear=(-0.1,0.1), y_shear=(-0.1,0.1))
Create affine transform matrix for image shearing. NOTE: In OpenCYV, x is width and y is height.

Parameters shear (tuple of two floats)— Percentage of shears for width and height di-
rections.

Returns An affine transform matrix.

Return type numpy.array

Get zooming matrix
tensorlayer.prepro.affine_zoom matrix (zoom_range=(0.8, 1.1))
Create an affine transform matrix for zooming/scaling an image’s height and width. OpenCV format, x is width.
Parameters
* x (numpy.array)— An image with dimension of [row, col, channel] (default).
* zoom_range (float or tuple of 2 floats)-—
The zooming/scaling ratio, greater than 1 means larger.
— float, a fixed ratio.

— tuple of 2 floats, randomly sample a value as the ratio between these 2 values.
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Returns An affine transform matrix.

Return type numpy.array

Get respective zooming matrix

tensorlayer.prepro.affine_respective_zoom_matrix (w_range=0.8, h_range=1.1)
Get affine transform matrix for zooming/scaling that height and width are changed independently. OpenCV
format, x is width.

Parameters
* w_range (float or tuple of 2 floats)-
The zooming/scaling ratio of width, greater than 1 means larger.
— float, a fixed ratio.
— tuple of 2 floats, randomly sample a value as the ratio between 2 values.
* h_range (float or tuple of 2 floats)-
The zooming/scaling ratio of height, greater than 1 means larger.
— float, a fixed ratio.
— tuple of 2 floats, randomly sample a value as the ratio between 2 values.
Returns An affine transform matrix.

Return type numpy.array

Cartesian to image coordinates

tensorlayer.prepro.transform matrix_offset_center (matrix,y, x)
Convert the matrix from Cartesian coordinates (the origin in the middle of image) to Image coordinates (the
origin on the top-left of image).

Parameters
e matrix (numpy.array) - Transform matrix.
* and y (x)— Size of image.

Returns The transform matrix.

Return type numpy.array

Examples

e Seetl.prepro.rotation,tl.prepro.shear,tl.prepro.zoomn.

Apply image transform

tensorlayer.prepro.affine_transform cv2 (x, transform_matrix, flags=None, bor-

der_mode="constant’)
Return transformed images by given an affine matrix in OpenCV format (x is width). (Powered by OpenCV2,

faster than t1.prepro.affine_transform)

Parameters
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* x (numpy.array)— An image with dimension of [row, col, channel] (default).
* transform matrix (numpy.array)— A transform matrix, OpenCV format.
* border_mode (str)—

— constant, pad the image with a constant value (i.e. black or 0)

— replicate, the row or column at the very edge of the original is replicated to the extra
border.

Examples

>>> M_shear = tl.prepro.affine_shear_matrix(intensity=0.2, is_random=False)

>>> M_zoom = tl.prepro.affine_zoom_matrix (zoom_range=0.38)
>>> M_combined = M_shear.dot (M_zoom)
>>> result = tl.prepro.affine_transform cv2 (image, M_combined)

Apply keypoint transform

tensorlayer.prepro.affine_transform_keypoints (coords_list, transform_matrix)

Transform keypoint coordinates according to a given affine transform matrix. OpenCV format, x is width.

Note that, for pose estimation task, flipping requires maintaining the left and right body information. We should
not flip the left and right body, so please use t 1 .prepro.keypoint_random_flip.

Parameters

* coords_1list (list of list of tuple/list) - The coordinates e.g., the key-
point coordinates of every person in an image.

* transform_matrix (numpy.array)— Transform matrix, OpenCV format.

Examples

>>> # 1. get all affine transform matrices

>>> M_rotate = tl.prepro.affine_rotation_matrix(angle=20)

>>> M _flip = tl.prepro.affine_horizontal flip matrix(prob=1)

>>> # 2. combine all affine transform matrices to one matrix

>>> M_combined = dot (M_flip) .dot (M_rotate)

>>> # 3. transfrom the matrix from Cartesian coordinate (the origin in the middle_,
—of image)

>>> # to Image coordinate (the origin on the top-left of image)

>>> transform_matrix = tl.prepro.transform _matrix_offset_center (M_combined, x=w,
—y=h)

>>> # 4. then we can transfrom the image once for all transformations

>>> result = tl.prepro.affine_transform _cv2 (image, transform_matrix) # 76 times_,
—~faster

>>> # 5. transform keypoint coordinates

>>> coords = [[ (50, 100), (100, 100), (100, 50), (200, 200)]1, [(250, 50), (200,
—50), (200, 100)1]

>>> coords_result = tl.prepro.affine_transform_keypoints (coords, transform matrix)
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2.4.2 Images

Projective transform by points

tensorlayer.prepro.projective_transform by points (x, src, dst, map_args=None,
output_shape=None, order=1,
mode="constant’, cval=0.0,

clip=True, preserve_range=False)
Projective transform by given coordinates, usually 4 coordinates.

see scikit-image.
Parameters
* x (numpy.array)— An image with dimension of [row, col, channel] (default).

* src (list or numpy) — The original coordinates, usually 4 coordinates of (width,
height).

e dst (list or numpy) — The coordinates after transformation, the number of coordi-
nates is the same with src.

* map_args (dictionary or None)- Keyword arguments passed to inverse map.

* output_shape (tuple of 2 int)-—Shape of the output image generated. By default
the shape of the input image is preserved. Note that, even for multi-band images, only rows
and columns need to be specified.

* order (int) -
The order of interpolation. The order has to be in the range 0-5:
— 0 Nearest-neighbor
1 Bi-linear (default)

2 Bi-quadratic
3 Bi-cubic

4 Bi-quartic
— 5 Bi-quintic

* mode (str)—One of constant (default), edge, symmetric, reflect or wrap. Points outside the
boundaries of the input are filled according to the given mode. Modes match the behaviour
of numpy.pad.

* cval (float) — Used in conjunction with mode constant, the value outside the image
boundaries.

* clip (boolean) — Whether to clip the output to the range of values of the input image.
This is enabled by default, since higher order interpolation may produce values outside the
given input range.

* preserve_range (boolean)— Whether to keep the original range of values. Other-
wise, the input image is converted according to the conventions of img_as_float.

Returns A processed image.

Return type numpy.array
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Examples

Assume X is an image from CIFAR-10, i.e. shape == (32, 32, 3)

>>> src = [[0,01,([0,32],1[32,01,132,321]1 # [w, h]
>>> dst = [[10,10],10,32],132,0],132,32]]
>>> x = tl.prepro.projective_transform_by_points (X, src, dst)

References

e scikit-image : geometric transformations

e scikit-image : examples

Rotation

tensorlayer.prepro.rotation (x, rg=20, is_random=False, row_index=0, col_index=1, chan-
nel_index=2, fill_mode="nearest’, cval=0.0, order=1)
Rotate an image randomly or non-randomly.

Parameters
* x (numpy.array)— An image with dimension of [row, col, channel] (default).
* rg(int or float)- Degree to rotate, usually O ~ 180.
* is_random (boolean) - If True, randomly rotate. Default is False

¢ col_index and channel_index (row_index) — Index of row, col and channel,
default (0, 1, 2), for theano (1, 2, 0).

* £fill mode (str)— Method to fill missing pixel, default nearest, more options constant,
reflect or wrap, see scipy ndimage affine_transform

* cval (float) — Value used for points outside the boundaries of the input if
mode="‘constant‘. Default is 0.0

* order (int) — The order of interpolation. The order has to be in the range 0-5. See
tl.prepro.affine_transformand scipy ndimage affine_transform

Returns A processed image.

Return type numpy.array

Examples

>>> x ——> [row, col, 1]
>>> x = tl.prepro.rotation(x, rg=40, is_random=False)
>>> tl.vis.save_image(x, 'im.png')

tensorlayer.prepro.rotation_multi (x, rg=20, is_random=False, row_index=0, col_index=1,

channel_index=2, fill_mode="nearest’, cval=0.0, order=1)
Rotate multiple images with the same arguments, randomly or non-randomly. Usually be used for image seg-

mentation which x=[X, Y], X and Y should be matched.
Parameters

* x (1ist of numpy.array) — List of images with dimension of [n_images, row, col,
channel] (default).
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e others (args)—-See tl.prepro.rotation.
Returns A list of processed images.

Return type numpy.array

Examples

>>> x, y ——> [row, col, 1] greyscale

>>> x, y = tl.prepro.rotation_multi([x, y], rg=90, is_random=False)
Crop

tensorlayer.prepro.crop (x, wrg, hrg, is_random=False, row_index=0, col_index=1)
Randomly or centrally crop an image.

Parameters
* x (numpy.array)— Animage with dimension of [row, col, channel] (default).
e wrg (int) — Size of width.
* hrg (int) - Size of height.
* is_random (boolean,)—If True, randomly crop, else central crop. Default is False.
* row_index (int) - index of row.
e col_index (int) - index of column.
Returns A processed image.
Return type numpy.array

tensorlayer.prepro.crop_multi (x, wrg, hrg, is_random=False, row_index=0, col_index=1)
Randomly or centrally crop multiple images.

Parameters

* x (1ist of numpy.array) — List of images with dimension of [n_images, row, col,
channel] (default).

* others (args)—See tl.prepro.crop.
Returns A list of processed images.

Return type numpy.array

Flip
tensorlayer.prepro.flip_axis (x, axis=1, is_random=False)
Flip the axis of an image, such as flip left and right, up and down, randomly or non-randomly,
Parameters
* x (numpy.array)— An image with dimension of [row, col, channel] (default).
e axis (int)-—
Which axis to flip.
— 0, flip up and down
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— 1, flip left and right
— 2, flip channel
* is_random (boolean) - If True, randomly flip. Default is False.
Returns A processed image.
Return type numpy.array

tensorlayer.prepro.flip_axis_multi (x, axis, is_random=False)
Flip the axises of multiple images together, such as flip left and right, up and down, randomly or non-randomly,

Parameters

* x (1ist of numpy.array) — List of images with dimension of [n_images, row, col,
channel] (default).

* others (args)—Seetl.prepro.flip_axis.
Returns A list of processed images.

Return type numpy.array

Shift

tensorlayer.prepro.shift (x, wrg=0.1, hrg=0.1, is_random=False, row_index=0, col_index=1,

channel_index=2, fill_mode="nearest’, cval=0.0, order=1)
Shift an image randomly or non-randomly.

Parameters
* x (numpy.array)— An image with dimension of [row, col, channel] (default).
* wrg (float) — Percentage of shift in axis x, usually -0.25 ~ 0.25.
* hrg (float) — Percentage of shift in axis y, usually -0.25 ~ 0.25.
* is_random (boolean) — If True, randomly shift. Default is False.

¢ col_index and channel_index (row_index) — Index of row, col and channel,
default (0, 1, 2), for theano (1, 2, 0).

* £fill mode (str)— Method to fill missing pixel, default nearest, more options constant,
reflect or wrap, see scipy ndimage affine_transform

* cval (float) — Value used for points outside the boundaries of the input if
mode="constant’. Default is 0.0.

* order (int) — The order of interpolation. The order has to be in the range 0-5. See
tl.prepro.affine_transformand scipy ndimage affine_transform

Returns A processed image.
Return type numpy.array

tensorlayer.prepro.shift_multi (x, wrg=0.1, hrg=0.1, is_random=False, row_index=0,
col_index=1, channel_index=2, fill_mode="nearest’, cval=0.0,

order=1)
Shift images with the same arguments, randomly or non-randomly. Usually be used for image segmentation

which x=[X, Y], X and Y should be matched.
Parameters

* x (1list of numpy.array) — List of images with dimension of [n_images, row, col,
channel] (default).
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e others (args)—See tl.prepro.shift.
Returns A list of processed images.

Return type numpy.array

Shear

tensorlayer.prepro.shear (x, intensity=0.1, is_random=False, row_index=0, col_index=1, chan-
nel_index=2, fill_mode="nearest’, cval=0.0, order=1)
Shear an image randomly or non-randomly.

Parameters
* x (numpy.array)— Animage with dimension of [row, col, channel] (default).

* intensity (float) — Percentage of shear, usually -0.5 ~ 0.5 (is_random==True), 0 ~
0.5 (is_random==False), you can have a quick try by shear(X, 1).

* is_random (boolean) — If True, randomly shear. Default is False.

e col_index and channel_index (row_index) — Index of row, col and channel,
default (0, 1, 2), for theano (1, 2, 0).

* £ill mode (str)— Method to fill missing pixel, default nearest, more options constant,
reflect or wrap, see and scipy ndimage affine_transform

* cval (float) — Value used for points outside the boundaries of the input if
mode="constant’. Default is 0.0.

* order (int) — The order of interpolation. The order has to be in the range 0-5. See
tl.prepro.affine_transformand scipy ndimage affine_transform

Returns A processed image.

Return type numpy.array

References
¢ Affine transformation

tensorlayer.prepro.shear_multi (x, intensity=0.1, is_random="False, row_index=0, col_index=1,
channel_index=2, fill_mode="nearest’, cval=0.0, order=1)
Shear images with the same arguments, randomly or non-randomly. Usually be used for image segmentation

which x=[X, Y], X and Y should be matched.
Parameters

* x (1list of numpy.array) — List of images with dimension of [n_images, row, col,
channel] (default).

e others (args)—See tl.prepro.shear.
Returns A list of processed images.

Return type numpy.array
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Shear V2

tensorlayer.prepro.shear2 (x, shear=(0.1, 0.1), is_random=False, row_index=0, col_index=1,

channel_index=2, fill_mode="nearest’, cval=0.0, order=1)
Shear an image randomly or non-randomly.

Parameters
* x (numpy.array)— Animage with dimension of [row, col, channel] (default).

* shear (tuple of two floats) - Percentage of shear for height and width direction
O, 1).

* is_random (boolean) — If True, randomly shear. Default is False.

* col_index and channel_index (row_index) — Index of row, col and channel,
default (0, 1, 2), for theano (1, 2, 0).

* £ill mode (str)— Method to fill missing pixel, default nearest, more options constant,
reflect or wrap, see scipy ndimage affine_transform

* cval (float) — Value used for points outside the boundaries of the input if
mode="constant’. Default is 0.0.

* order (int) — The order of interpolation. The order has to be in the range 0-5. See
tl.prepro.affine_transform and scipy ndimage affine_transform

Returns A processed image.

Return type numpy.array

References
¢ Affine transformation

tensorlayer.prepro.shear multi2 (x, shear=(0.1, 0.1), is_random=False, row_index=0,
col_index=1, channel_index=2, fill_mode="nearest’, cval=0.0,

order=1)
Shear images with the same arguments, randomly or non-randomly. Usually be used for image segmentation

which x=[X, Y], X and Y should be matched.
Parameters

* x (1list of numpy.array) — List of images with dimension of [n_images, row, col,
channel] (default).

* others (args)—-See tl.prepro.shear?.
Returns A list of processed images.

Return type numpy.array

Swirl

tensorlayer.prepro.swirl (x, center=None, strength=1, radius=100, rotation=0, out-
put_shape=None, order=1, mode="constant’, cval=0, clip=True,

preserve_range=False, is_random=False)
Swirl an image randomly or non-randomly, see scikit-image swirl API and example.

Parameters

* x (numpy.array)— An image with dimension of [row, col, channel] (default).
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* center (tuple or 2 int or None) — Center coordinate of transformation (op-
tional).

* strength (float)— The amount of swirling applied.

* radius (float) — The extent of the swirl in pixels. The effect dies out rapidly beyond
radius.

* rotation (f1loat)— Additional rotation applied to the image, usually [0, 360], relates to
center.

* output_shape (tuple of 2 int or None)— Shape of the output image gener-
ated (height, width). By default the shape of the input image is preserved.

* order (int, optional)—The order of the spline interpolation, default is 1. The order
has to be in the range 0-5. See skimage.transform.warp for detail.

* mode (str) — One of constant (default), edge, symmetric reflect and wrap. Points outside
the boundaries of the input are filled according to the given mode, with constant used as the
default. Modes match the behaviour of numpy.pad.

* cval (float) — Used in conjunction with mode constant, the value outside the image
boundaries.

* clip (boolean) — Whether to clip the output to the range of values of the input image.
This is enabled by default, since higher order interpolation may produce values outside the
given input range.

* preserve_range (boolean) — Whether to keep the original range of values. Other-
wise, the input image is converted according to the conventions of img_as_float.

* is_random (boolean,)—

If True, random swirl. Default is False.

random center = [(0 ~ x.shape[0]), (0 ~ x.shape[1])]

random strength = [0, strength]

random radius = [1e-10, radius]

random rotation = [-rotation, rotation]
Returns A processed image.

Return type numpy.array

Examples

>>> x ——> [row, col, 1] greyscale
>>> x = tl.prepro.swirl(x, strength=4, radius=100)

tensorlayer.prepro.swirl _multi (x, center=None, strength=1, radius=100, rotation=0, out-
put_shape=None, order=1, mode="constant’, cval=0,
clip=True, preserve_range=False, is_random="False)
Swirl multiple images with the same arguments, randomly or non-randomly. Usually be used for image seg-

mentation which x=[X, Y], X and Y should be matched.
Parameters

* x (list of numpy.array) — List of images with dimension of [n_images, row, col,
channel] (default).
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e others (args)—See tl.prepro.swirl.
Returns A list of processed images.

Return type numpy.array

Elastic transform

tensorlayer.prepro.elastic_transform(x, alpha, sigma, mode="constant’, cval=0,

is_random=False)
Elastic transformation for image as described in [Simard2003].

Parameters
* x (numpy.array)— A greyscale image.
* alpha (float)— Alpha value for elastic transformation.

* sigma (float or sequence of float)— The smaller the sigma, the more trans-
formation. Standard deviation for Gaussian kernel. The standard deviations of the Gaussian
filter are given for each axis as a sequence, or as a single number, in which case it is equal
for all axes.

* mode (str)— See scipy.ndimage.filters.gaussian_filter. Default is constant.

* cval (float,)— Used in conjunction with mode of constant, the value outside the image
boundaries.

* is_random (boolean) — Default is False.
Returns A processed image.

Return type numpy.array

Examples

>>> x = tl.prepro.elastic_transform(x, alpha=x.shape[l]*3, sigma=x.shapel[l]*0.07)

References

¢ Github.
* Kaggle

tensorlayer.prepro.elastic_transform multi (x, alpha, sigma, mode=’constant’, cval=0,

is_random=Fualse)
Elastic transformation for images as described in [Simard2003].

Parameters

* x(list of numpy.array)— List of greyscale images.

* others (args)—See tl.prepro.elastic_transform.
Returns A list of processed images.

Return type numpy.array
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Zoom
tensorlayer.prepro.zoom (x, zoom_range=(0.9, 1.1), flags=None, border_mode="constant’)
Zooming/Scaling a single image that height and width are changed together.
Parameters
* x (numpy.array)— Animage with dimension of [row, col, channel] (default).
* zoom_range (float or tuple of 2 floats)-—
The zooming/scaling ratio, greater than 1 means larger.
— float, a fixed ratio.
— tuple of 2 floats, randomly sample a value as the ratio between 2 values.
* border_mode (str)—
— constant, pad the image with a constant value (i.e. black or 0)

— replicate, the row or column at the very edge of the original is replicated to the extra
border.

Returns A processed image.
Return type numpy.array

tensorlayer.prepro.zoom_multi (x, zoom_range=(0.9, 1.1), flags=None, border_mode="constant’)
Zoom in and out of images with the same arguments, randomly or non-randomly. Usually be used for image
segmentation which x=[X, Y], X and Y should be matched.

Parameters

* x (1list of numpy.array) — List of images with dimension of [n_images, row, col,
channel] (default).

* others (args)—Seetl.prepro.zoom.
Returns A list of processed images.

Return type numpy.array

Respective Zoom

tensorlayer.prepro.respective_zoom (x, h_range=(0.9, 1.1), w_range=(0.9, 1.1), flags=None,
border_mode="constant’)
Zooming/Scaling a single image that height and width are changed independently.

Parameters
* x (numpy.array)— An image with dimension of [row, col, channel] (default).
* h_range (float or tuple of 2 floats)-
The zooming/scaling ratio of height, greater than 1 means larger.
— float, a fixed ratio.
— tuple of 2 floats, randomly sample a value as the ratio between 2 values.
* w_range (float or tuple of 2 floats)-—
The zooming/scaling ratio of width, greater than 1 means larger.

— float, a fixed ratio.
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— tuple of 2 floats, randomly sample a value as the ratio between 2 values.
e border_mode (str)—
— constant, pad the image with a constant value (i.e. black or 0)

— replicate, the row or column at the very edge of the original is replicated to the extra
border.

Returns A processed image.

Return type numpy.array

Brightness
tensorlayer.prepro.brightness (x, gamma=1, gain=1, is_random=False)
Change the brightness of a single image, randomly or non-randomly.
Parameters
* x (numpy.array)— An image with dimension of [row, col, channel] (default).
* gamma (float)—
Non negative real number. Default value is 1.
— Small than 1 means brighter.
— If is_random is True, gamma in a range of (1-gamma, 1+gamma).
* gain (float)— The constant multiplier. Default value is 1.
* is_random (boolean) - If True, randomly change brightness. Default is False.
Returns A processed image.

Return type numpy.array

References

¢ skimage.exposure.adjust_gamma
e chinese blog
tensorlayer.prepro.brightness_multi (x, gamma=1, gain=1, is_random=False)

Change the brightness of multiply images, randomly or non-randomly. Usually be used for image segmentation
which x=[X, Y], X and Y should be matched.

Parameters

* x (list of numpyarray) — List of images with dimension of [n_images, row, col,
channel] (default).

e others (args)—-See tl.prepro.brightness.
Returns A list of processed images.

Return type numpy.array
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Brightness, contrast and saturation

tensorlayer.prepro.illumination (x, gamma=1.0, contrast=1.0, saturation=1.0,

) o ) is_random=False)
Perform illumination augmentation for a single image, randomly or non-randomly.

Parameters
* x (numpy.array)— Animage with dimension of [row, col, channel] (default).
* gamma (float) —
Change brightness (the same with t1.prepro.brightness)

— if is_random=False, one float number, small than one means brighter, greater than one
means darker.

— if is_random=True, tuple of two float numbers, (min, max).
e contrast (float)—
Change contrast.
— if is_random=False, one float number, small than one means blur.
— if is_random=True, tuple of two float numbers, (min, max).
e saturation (float)—
Change saturation.
— if is_random=False, one float number, small than one means unsaturation.
— if is_random=True, tuple of two float numbers, (min, max).
* is_random (boolean) - If True, randomly change illumination. Default is False.
Returns A processed image.

Return type numpy.array

Examples
Random
>>> x = tl.prepro.illumination(x, gamma=(0.5, 5.0), contrast=(0.3, 1.0),_

—saturation=(0.7, 1.0), is_random=True)

Non-random

>>> x = tl.prepro.illumination(x, 0.5, 0.6, 0.8, is_random=False)

RGB to HSV
tensorlayer.prepro.rgb_to_hsv(rgh)
Input RGB image [0~255] return HSV image [0~1].
Parameters rgb (numpy.array)— Animage with values between 0 and 255.
Returns A processed image.

Return type numpy.array
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HSV to RGB
tensorlayer.prepro.hsv_to_rgb (hsv)
Input HSV image [0~1] return RGB image [0~255].
Parameters hsv (numpy.array)— An image with values between 0.0 and 1.0
Returns A processed image.

Return type numpy.array

Adjust Hue
tensorlayer.prepro.adjust_hue (im, hout=0.66, is_offset=True, is_clip=True, is_random=False)
Adjust hue of an RGB image.

This is a convenience method that converts an RGB image to float representation, converts it to HSV, add
an offset to the hue channel, converts back to RGB and then back to the original data type. For TF, see
tf.image.adjust_hue.and tf.image.random_hue.

Parameters
* im (numpy.array)— Animage with values between 0 and 255.
e hout (float) -
The scale value for adjusting hue.
— Ifis_offset is False, set all hue values to this value. 0 is red; 0.33 is green; 0.66 is blue.
— If is_offset is True, add this value as the offset to the hue channel.
e is_offset (boolean)— Whether hout is added on HSV as offset or not. Default is True.
* is_clip (boolean)—If HSV value smaller than 0, set to 0. Default is True.
* is_random (boolean) - If True, randomly change hue. Default is False.
Returns A processed image.

Return type numpy.array

Examples

Random, add a random value between -0.2 and 0.2 as the offset to every hue values.

>>> im_hue = tl.prepro.adjust_hue (image, hout=0.2, is_offset=True, is_
—random=False)

Non-random, make all hue to green.

>>> im_green = tl.prepro.adjust_hue (image, hout=0.66, is_offset=False, is_
—random=False)

References

e tf.image.random_hue.
* tf.image.adjust_hue.

¢ StackOverflow: Changing image hue with python PIL.
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Resize
tensorlayer.prepro.imresize (x, size=None, interp="bicubic’, mode=None)
Resize an image by given output size and method.
Warning, this function will rescale the value to [0, 255].
Parameters
* x (numpy.array)— Animage with dimension of [row, col, channel] (default).
* size(list of 2 int or None) - For height and width.

* interp (str) — Interpolation method for re-sizing (nearest, lanczos, bilinear, bicubic
(default) or cubic).

* mode (str) - The PIL image mode (P, L, etc.) to convert image before resizing.
Returns A processed image.

Return type numpy.array

References

* scipy.misc.imresize

Pixel value scale
tensorlayer.prepro.pixel_value_scale (im, val=0.9, clip=None, is_random="False)
Scales each value in the pixels of the image.
Parameters
* im (numpy.array)— Animage.
e val (float)—
The scale value for changing pixel value.
— If is_random=False, multiply this value with all pixels.
— If is_random=True, multiply a value between [1-val, 1+val] with all pixels.
* clip(tuple of 2 numbers)— The minimum and maximum value.
e is_random (boolean) - If True, see val.
Returns A processed image.

Return type numpy.array

Examples

Random

’>>> im = pixel_value_scale(im, 0.1, [0, 255], is_random=True)

Non-random

’>>> im = pixel_value_scale(im, 0.9, [0, 255], is_random=False)
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Normalization

tensorlayer.prepro.samplewise_norm(x, rescale=None, samplewise_center=False, sam-
plewise_std_normalization=False, channel_index=2,
epsilon=1e-07)
Normalize an image by rescale, samplewise centering and samplewise centering in order.

Parameters
* x (numpy.array) — An image with dimension of [row, col, channel] (default).

* rescale (float)— Rescaling factor. If None or 0, no rescaling is applied, otherwise we
multiply the data by the value provided (before applying any other transformation)

* samplewise_center (boolean) - If True, set each sample mean to 0.

* samplewise_std_normalization (boolean) — If True, divide each input by its
std.

* epsilon (float)— A small position value for dividing standard deviation.
Returns A processed image.

Return type numpy.array

Examples

>>> x = samplewise_norm(x, samplewise_center=True, samplewise_std_
—normalization=True)

>>> print (x.shape, np.mean(x), np.std(x))

(160, 176, 1), 0.0, 1.0

Notes

When samplewise_center and samplewise_std_normalization are True. - For greyscale image, every pixels are
subtracted and divided by the mean and std of whole image. - For RGB image, every pixels are subtracted and
divided by the mean and std of this pixel i.e. the mean and std of a pixel is 0 and 1.

tensorlayer.prepro.featurewise_norm (x, mean=None, std=None, epsilon=1e-07)
Normalize every pixels by the same given mean and std, which are usually compute from all examples.

Parameters
* x (numpy.array)— An image with dimension of [row, col, channel] (default).
* mean (float)— Value for subtraction.
e std (float) - Value for division.
* epsilon (float)— A small position value for dividing standard deviation.
Returns A processed image.

Return type numpy.array

Channel shift

tensorlayer.prepro.channel_shift (x, intensity, is_random=False, channel_index=2)
Shift the channels of an image, randomly or non-randomly, see numpy.rollaxis.
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Parameters
* x (numpy.array)— Animage with dimension of [row, col, channel] (default).
* intensity (float) - Intensity of shifting.
* is_random (boolean) — If True, randomly shift. Default is False.
* channel_index (int) — Index of channel. Default is 2.
Returns A processed image.
Return type numpy.array

tensorlayer.prepro.channel_shift_multi (x, intensity, is_random=False, channel_index=2)
Shift the channels of images with the same arguments, randomly or non-randomly, see numpy.rollaxis. Usually
be used for image segmentation which x=[X, Y], X and Y should be matched.

Parameters

* x (1list of numpy.array) — List of images with dimension of [n_images, row, col,
channel] (default).

* others (args)—-See tl.prepro.channel_shift.
Returns A list of processed images.

Return type numpy.array

Noise
tensorlayer.prepro.drop (x, keep=0.5)
Randomly set some pixels to zero by a given keeping probability.
Parameters
* x (numpy.array)— Animage with dimension of [row, col, channel] or [row, col].
* keep (float) — The keeping probability (0, 1), the lower more values will be set to zero.
Returns A processed image.

Return type numpy.array

Numpy and PIL
tensorlayer.prepro.array_to_img (x, dim_ordering=(0, 1, 2), scale=True)
Converts a numpy array to PIL image object (uint8 format).
Parameters
* x (numpy.array)— Animage with dimension of 3 and channels of 1 or 3.

* dim_ordering (tuple of 3 int)- Index of row, col and channel, default (0, 1, 2),
for theano (1, 2, 0).

* scale (boolean) — If True, converts image to [0, 255] from any range of value like [-1,
2]. Default is True.

Returns An image.

Return type PIL.image
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References

PIL Image.fromarray

Find contours

tensorlayer.prepro.find contours (x, level=0.8, fully_connected="low’, posi-

o ) tive_orientation="low’) ) )
Find iso-valued contours in a 2D array for a given level value, returns list of (n, 2)-ndarrays see skim-

age.measure.find_contours.
Parameters
* x (2D ndarray of double.)- Inputdatain which to find contours.
* level (float)— Value along which to find contours in the array.

* fully_ connected (str) — Either low or high. Indicates whether array elements below
the given level value are to be considered fully-connected (and hence elements above the
value will only be face connected), or vice-versa. (See notes below for details.)

* positive_orientation (str) — Either low or high. Indicates whether the output
contours will produce positively-oriented polygons around islands of low- or high-valued
elements. If low then contours will wind counter-clockwise around elements below the iso-
value. Alternately, this means that low-valued elements are always on the left of the contour.

Returns Each contour is an ndarray of shape (n, 2), consisting of n (row, column) coordinates along
the contour.

Return type list of (n,2)-ndarrays

Points to Image
tensorlayer.prepro.pt2map (list_points=None, size=(100, 100), val=1)
Inputs a list of points, return a 2D image.
Parameters
* list_points (list of 2 int)-[[X,Yy], [X, y]..] for point coordinates.
* size (tuple of 2 int)- (W, h) for output size.
e val (float or int)- For the contour value.
Returns An image.

Return type numpy.array

Binary dilation
tensorlayer.prepro.binary dilation (x, radius=3)
Return fast binary morphological dilation of an image. see skimage.morphology.binary_dilation.
Parameters
* x (2D array)— A binary image.
e radius (int) - For the radius of mask.

Returns A processed binary image.
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Return type numpy.array

Greyscale dilation

tensorlayer.prepro.dilation (x, radius=3)

Return greyscale morphological dilation of an image, see skimage.morphology.dilation.

Parameters

* x (2D array)-— An greyscale image.

e radius (int) — For the radius of mask.
Returns A processed greyscale image.

Return type numpy.array

Binary erosion

tensorlayer.prepro.binary_ erosion (x, radius=3)

Return binary morphological erosion of an image, see skimage.morphology.binary_erosion.

Parameters

* x (2D array)- A binary image.

e radius (int) - For the radius of mask.
Returns A processed binary image.

Return type numpy.array

Greyscale erosion

tensorlayer.prepro.erosion (x, radius=3)

Return greyscale morphological erosion of an image, see skimage.morphology.erosion.

Parameters

* x (2D array)— A greyscale image.

e radius (int) - For the radius of mask.
Returns A processed greyscale image.

Return type numpy.array

2.4.3 Object detection
Tutorial for Image Aug

Hi, here is an example for image augmentation on VOC dataset.

import tensorlayer as tl

## download VOC 2012 dataset
imgs_file_list, _, _, _, classes, _, _,\

_, Objs_info_list, _ = tl.files.load_voc_dataset (dataset="2012")

(continues on next page)
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(continued from previous page)

## parse annotation and convert it into list format
ann_list = []
for info in objs_info_list:
ann = tl.prepro.parse_darknet_ann_str_to_list (info)
c, b = tl.prepro.parse_darknet_ann_list_to_cls_box (ann)
ann_list.append([c, bl)

# read and save one image

idx = 2 # you can select your own image

image = tl.vis.read_image (imgs_file_list[idx])

tl.vis.draw_boxes_and_labels_to_image (image, ann_list[idx][0],
ann_list[idx][1], [], classes, True, save_name='_im_original.png')

# left right flip
im_flip, coords = tl.prepro.obj_box_horizontal_flip (image,
ann_list[idx][1], is_rescale=True, is_center=True, is_random=False)
tl.vis.draw_boxes_and_labels_to_image (im_flip, ann_list[idx][0],
coords, [], classes, True, save_name='_im flip.png')

# resize

im_resize, coords = tl.prepro.obj_box_imresize (image,
coords=ann_list [idx][1], size=[300, 200], is_rescale=True)

tl.vis.draw_boxes_and_labels_to_image (im_resize, ann_list[idx][0],

coords, [], classes, True, save_name='_im_resize.png')
# crop
im_crop, clas, coords = tl.prepro.obj_box_crop(image, ann_list[idx][0],
ann_list[idx][1], wrg=200, hrg=200,
is_rescale=True, 1is_center=True, 1is_random=False)
tl.vis.draw_boxes_and_labels_to_image (im_crop, clas, coords, [],
classes, True, save_name='_im_crop.png')
# shift
im_shfit, clas, coords = tl.prepro.obj_box_shift (image, ann_list[idx][0],
ann_list[idx][1], wrg=0.1, hrg=0.1,
is_rescale=True, is_center=True, is_random=False)
tl.vis.draw_boxes_and_labels_to_image (im_shfit, clas, coords, [],
classes, True, save_name='_im_shift.png')
# zoom
im_zoom, clas, coords = tl.prepro.obj_box_zoom(image, ann_list[idx][0],
ann_list[idx][1], zoom_range=(1.3, 0.7),
is_rescale=True, is_center=True, 1is_random=False)
tl.vis.draw_boxes_and_labels_to_image (im_zoom, clas, coords, [],

classes, True, save_name='_im_zoom.png')

In practice, you may want to use threading method to process a batch of images as follows.

import tensorlayer as tl
import random

batch_size = 64

im_size = [416, 416]

n_data = len(imgs_file_list)
jitter = 0.2

def _data_pre_aug_fn(data):

(continues on next page)
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im, ann = data

clas, coords = ann

## change image brightness, contrast and saturation randomly

im = tl.prepro.illumination(im, gamma=(0.5, 1.5),
contrast=(0.5, 1.5), saturation=(0.5, 1.5), is_random=True)

## flip randomly

im, coords = tl.prepro.obj_box_horizontal_ flip(im, coords,
is_rescale=True, is_center=True, 1s_random=True)

## randomly resize and crop image, it can have same effect as random zoom

tmp0 = random.randint (1, int (im_size[O0]xjitter))
tmpl = random.randint (1, int (im_size[l]xjitter))
im, coords = tl.prepro.obj_box_imresize (im, coords,

[im_size[0]+tmpO0, im_size[l]+tmpl], is_rescale=True,
interp='bicubic")

im, clas, coords = tl.prepro.obj_box_crop(im, clas, coords,
wrg=im_size[l], hrg=im_size[0], is_rescale=True,
is_center=True, is_random=True)

## rescale value from [0, 255] to [-1, 1] (optional)

im = im / 127.5 - 1

return im, [clas, coords]

# randomly read a batch of image and the corresponding annotations
idexs = tl.utils.get_random_int (min=0, max=n_data-1, number=batch_size)
b_im path = [imgs_file_list[i] for i in idexs]

b_images = tl.prepro.threading_data(b_im_path, fn=tl.vis.read_image)
b_ann = [ann_list[i] for i in idexs]

# threading process

data = tl.prepro.threading data([_ for _ in zip(b_images, b_ann)],
_data_pre_aug_fn)

b_images2 = [d[0] for d in data]

b_ann = [d[1l] for d in data]

# save all images
for i in range(len(b_images)) :
tl.vis.draw_boxes_and_labels_to_image (b_images[i],
ann_list[idexs[i]][0], ann_list([idexs[i]][1], [],
classes, True, save_name='_bbox_vis_%d original.png' % 1)
tl.vis.draw_boxes_and_labels_to_image ((b_images2[i]+1)*127.5,
b_ann[i] [0], b_ann[i][1], [], classes, True,

)

save_name="_bbox_vis_2?d.png' % 1)

Image Aug with TF Dataset API

» Example code for VOC here.

Coordinate pixel unit to percentage

tensorlayer.prepro.obj_box_coord_rescale (coord=None, shape=None)
Scale down one coordinates from pixel unit to the ratio of image size i.e. in the range of [0, 1]. It is the reverse
process of obj_box_coord_scale_to_pixelunit.

Parameters

* coords (list of 4 int or None)-One coordinates of one image e.g. [X, y, W, h].
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* shape (list of 2 int or None)- For [height, width].
Returns New bounding box.

Return type list of 4 numbers

Examples

>>> coord = tl.prepro.obj_box_coord_rescale (coord=[30, 40, 50, 50], shape=[100,
—10017)
[0.3, 0.4, 0.5, 0.5]

Coordinates pixel unit to percentage
tensorlayer.prepro.obj_box_coords_rescale (coords=None, shape=None)
Scale down a list of coordinates from pixel unit to the ratio of image size i.e. in the range of [0, 1].
Parameters

e coords (list of list of 4 ints or None)- For coordinates of more than one
images .e.g.[[x,y, w, h], [X, y, w, h], ...].

* shape (1list of 2 int or None)-height, width].
Returns A list of new bounding boxes.

Return type list of list of 4 numbers

Examples

>>> coords = obj_box_coords_rescale (coords=[[30, 40, 50, 50], [10, 10, 20, 2011,
—shape=[100, 1007)
>>> print (coords)

[fo.3, 0.4, 0.5, 0.51, (0.1, 0.1, 0.2, 0.2]]
>>> coords = obj_box_coords_rescale(coords=[[30, 40, 50, 50]], shape=[50, 1001])
>>> print (coords)

[[0.3, 0.8, 0.5, 1.01]
>>> coords = obj_box_coords_rescale(coords=[[30, 40, 50, 50]], shape=[100, 20017)
>>> print (coords)

[[0.15, 0.4, 0.25, 0.5]1]

Returns New coordinates.

Return type list of 4 numbers

Coordinate percentage to pixel unit

tensorlayer.prepro.obj_box_coord_scale_to_pixelunit (coord, shape=None)
Convert one coordinate [X, y, w (or x2), h (or y2)] in ratio format to image coordinate format. It is the reverse
process of obj_box_coord_rescale.

Parameters

* coord (list of 4 float) - One coordinate of one image [X, y, w (or x2), h (or y2)]
in ratio format, i.e value range [0~1].
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* shape (tuple of 2 or None) - For [height, width].

Returns New bounding box.

Return type list of 4 numbers

Examples
>>> x, y, X2, y2 = tl.prepro.obj_box_coord_scale_to_pixelunit([0.2, 0.3, 0.5, O.
—71, shape= (100, 200, 3))

[40, 30, 100, 70]

Coordinate [x_center, x_center, w, h] to up-left button-right

tensorlayer.prepro.obj_box_coord_centroid_to_upleft_butright (coord,

to_int=False)

Convert one coordinate [x_center, y_center, w, h] to [x1, y1, x2, y2] in up-left and botton-right format.

Parameters
e coord(list of 4 int/float)— One coordinate.

* to_int (boolean)— Whether to convert output as integer.

Returns New bounding box.

Return type list of 4 numbers

Examples

obj_box_coord_centroid_to_upleft_butright ([30,
40, 50]

>>> coord =
[20, 30,

40,

20, 201)

Coordinate up-left button-right to [x_center, x_center, w, h]

tensorlayer.prepro.obj_box_coord_upleft_butright_to_centroid (coord)

Convert one coordinate [x1, yl, x2, y2] to [x_center, y_center, w, h].
obj_box_coord_centroid_to_upleft_butright.

Parameters coord (1ist of 4 int/float)- One coordinate.
Returns New bounding box.

Return type list of 4 numbers

Coordinate [x_center, x_center, w, h] to up-left-width-high

tensorlayer.prepro.obj_box_coord_centroid_to_upleft (coord)
Convert one coordinate [x_center, y_center, w, h] to [x, y, w, h].
obj_box_coord_upleft_to_centroid.

Parameters coord (list of 4 int/float)— One coordinate.

Returns New bounding box.

Return type list of 4 numbers

It is the reverse process of

It is the reverse process of

62

Chapter 2. API Reference



TensorLayer Documentation, Release 2.1.0

Coordinate up-left-width-high to [x_center, x_center, w, h]

tensorlayer.prepro.obj_box_coord_upleft_to_centroid (coord)
Convert one coordinate [x, y, w, h] to [x_center, y_center, w, h]. It is the reverse process of
obj_box_coord_centroid_to_upleft.

Parameters coord (list of 4 int/float)— One coordinate.
Returns New bounding box.

Return type list of 4 numbers

Darknet format string to list
tensorlayer.prepro.parse_darknet_ann_str_to_1list (annotations)
Input string format of class, X, y, w, h, return list of list format.

Parameters annotations (str) — The annotations in darkent format “class, X, y, w, h ....”
seperated by “\n”.

Returns List of bounding box.

Return type list of list of 4 numbers

Darknet format split class and coordinate
tensorlayer.prepro.parse_darknet_ann_list_to_cls_box (annotations)
Parse darknet annotation format into two lists for class and bounding box.
Input list of [[class, X, y, W, h], ...], return two list of [class ...] and [[X, y, w, h], ...].
Parameters annotations (1ist of list)— A list of class and bounding boxes of images
e.g. [[class, x,y, w, h], ...]
Returns

* list of int — List of class labels.

* list of list of 4 numbers — List of bounding box.

Image Aug - Flip

tensorlayer.prepro.obj_box_horizontal f£lip (im, coords=None, is_rescale=False,
is_center=False, is_random=False)
Left-right flip the image and coordinates for object detection.

Parameters
* im (numpy.array)— Animage with dimension of [row, col, channel] (default).
* coords (list of list of 4 int/float or None)- Coordinates [[X,y, w, h],
[x,y,w, h],...].

* is_rescale (boolean) — Set to True, if the input coordinates are rescaled to [0, 1].
Default is False.

* is_center (boolean) — Set to True, if the x and y of coordinates are the centroid (i.e.
darknet format). Default is False.

* is_random (boolean) — If True, randomly flip. Default is False.
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Returns
* numpy.array — A processed image

o list of list of 4 numbers — A list of new bounding boxes.

Examples

>>> im = np.zeros ([80, 1007) # as an image with shape width=100, height=80
>>> im, coords = obj_box_left_right_flip(im, coords=[[0.2, 0.4, 0.3, 0.3], [0.1,_
—~0.5, 0.2, 0.3]], is_rescale=True, is_center=True, is_random=False)
>>> print (coords)

rro.s, 0.4, 0.3, 0.31, [0.9, 0.5, 0.2, 0.3]]
>>> im, coords = obj_box_left_right_flip(im, coords=[[0.2, 0.4, 0.3, 0.3]], is
—rescale=True, is_center=False, is_random=False)
>>> print (coords)

[[0.5, 0.4, 0.3, 0.3]]
>>> im, coords = obj_box_left_right_flip(im, coords=[[20, 40, 30, 30]], 1is
—rescale=False, is_center=True, is_random=False)
>>> print (coords)

[[80, 40, 30, 30]]
>>> im, coords = obj_box_left_right_flip(im, coords=[[20, 40, 30, 3011, is_
—rescale=False, is_center=False, is_random=False)
>>> print (coords)

[[50, 40, 30, 30]]

Image Aug - Resize

tensorlayer.prepro.obj_box_imresize (im, coords=None, size=None, interp="bicubic’,

mode=None, is_rescale=Fualse)
Resize an image, and compute the new bounding box coordinates.

Parameters
* im (numpy.array)— Animage with dimension of [row, col, channel] (default).

* coords (1list of list of 4 int/float or None)- Coordinates [[X,y, w, h],
[x,y, w,h],...]

* interp and mode (size)—-Seetl.prepro.imresize.

* is_rescale (boolean) - Setto True, if the input coordinates are rescaled to [0, 1], then
return the original coordinates. Default is False.

Returns
* numpy.array — A processed image

o list of list of 4 numbers — A list of new bounding boxes.

Examples
>>> im = np.zeros([80, 100, 31]) # as an image with shape width=100, height=80
>>> _, coords = obj_box_imresize(im, coords=[[20, 40, 30, 30], [10, 20, 20, 2011,

—~size=[160, 200], is_rescale=False)
>>> print (coords)
[[40, 80, 60, 60], [20, 40, 40, 4011

(continues on next page)
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>>> _, coords = obj_box_imresize(im, coords=[[20, 40, 30, 3011, size=[40, 100]
—~1is_rescale=False)
>>> print (coords)
[[20, 20, 30, 15]]
>>> _, coords = obj_box_imresize(im, coords=[[20, 40, 30, 30]], size=[60, 150]

o

I
—1s_rescale=False)
>>> print (coords)

[[30, 30, 45, 22]]
>>> im2, coords = obj_box_imresize (im, coords=[[0.2, 0.4, 0.3, 0.3]1], size=[1l60,
—~200], is_rescale=True)
>>> print (coords, im2.shape)

[[0.2, 0.4, 0.3, 0.3]1 (le0, 200, 3)

Image Aug - Crop

tensorlayer.prepro.obj_box crop (im, classes=None, coords=None, wrg=100, hrg=100,
is_rescale=False, is_center=False, is_random=False,

thresh_wh=0.02, thresh_wh2=12.0)
Randomly or centrally crop an image, and compute the new bounding box coordinates. Objects outside the

cropped image will be removed.
Parameters
* im (numpy.array)— Animage with dimension of [row, col, channel] (default).
* classes (list of int or None)- Class IDs.

* coords (Ilist of list of 4 int/float or None)- Coordinates [[X,y, W, h],
[x,y, w,h],...]

* hrg and is_random (wrg)—Seetl.prepro.crop.

* is_rescale (boolean) — Set to True, if the input coordinates are rescaled to [0, 1].
Default is False.

* is_center (boolean, default False)— Setto True, if the x and y of coordinates
are the centroid (i.e. darknet format). Default is False.

* thresh_wh (float) — Threshold, remove the box if its ratio of width(height) to image
size less than the threshold.

* thresh_wh2 (float) — Threshold, remove the box if its ratio of width to height or vice
verse higher than the threshold.

Returns
* numpy.array — A processed image
* list of int — A list of classes

o list of list of 4 numbers — A list of new bounding boxes.
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Image Aug - Shift

tensorlayer.prepro.obj_box_shift (im, classes=None, coords=None, wrg=0.1, hrg=0.1,

row_index=0, col_index=1, channel_index=2,
Sfill_mode="nearest’, cval=0.0, order=1, is_rescale=False,
is_center=False, is_random=Fualse, thresh_wh=0.02,

thresh_wh2=12.0)
Shift an image randomly or non-randomly, and compute the new bounding box coordinates. Objects outside the

cropped image will be removed.
Parameters
* im (numpy.array)— Animage with dimension of [row, col, channel] (default).
* classes (list of int or None)- Class IDs.

* coords (list of list of 4 int/float or None)- Coordinates [[X,y, W, h],
[x,y, w,h],...]

* hrg row_index col_index channel index is_random fill mode
cval and order (wrg,)-—

* is_rescale (boolean) — Set to True, if the input coordinates are rescaled to [0, 1].
Default is False.

* is_center (boolean) — Set to True, if the x and y of coordinates are the centroid (i.e.
darknet format). Default is False.

* thresh_wh (float) — Threshold, remove the box if its ratio of width(height) to image
size less than the threshold.

* thresh_wh2 (float) — Threshold, remove the box if its ratio of width to height or vice
verse higher than the threshold.

Returns
* numpy.array — A processed image
* list of int — A list of classes

* list of list of 4 numbers — A list of new bounding boxes.

Image Aug - Zoom

tensorlayer.prepro.obj_box_zoom (im, classes=None, coords=None, zoom_range=(0.9,
1.1), row_index=0, col_index=1, channel_index=2,
fill_mode="nearest’, cval=0.0, order=1, is_rescale=False,
is_center=False, is_random=False, thresh_wh=0.02,

thresh_wh2=12.0)
Zoom in and out of a single image, randomly or non-randomly, and compute the new bounding box coordinates.

Objects outside the cropped image will be removed.
Parameters
* im (numpy.array)— Animage with dimension of [row, col, channel] (default).
e classes (list of int or None)- Class IDs.

* coords (1list of list of 4 int/float or None)- Coordinates [[X,y, w, h],
[x,y,w, h],...].

e row_index col_index channel index is_random £fill mode cval
and order (zoom_range) —
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* is_rescale (boolean) — Set to True, if the input coordinates are rescaled to [0, 1].
Default is False.

* is_center (boolean) - Set to True, if the x and y of coordinates are the centroid. (i.e.
darknet format). Default is False.

* thresh_wh (float) — Threshold, remove the box if its ratio of width(height) to image
size less than the threshold.

* thresh_wh2 (float) — Threshold, remove the box if its ratio of width to height or vice
verse higher than the threshold.

Returns
* numpy.array — A processed image
* list of int — A list of classes

* list of list of 4 numbers — A list of new bounding boxes.

2.4.4 Keypoints

Image Aug - Crop

tensorlayer.prepro.keypoint_random_crop (image, annos, mask=None, size=(368, 368))
Randomly crop an image and corresponding keypoints without influence scales, given by
keypoint_random_resize_shortestedge.

Parameters
* image (3 channel image)— The given image for augmentation.
* annos (list of list of floats)- The keypoints annotation of people.
* mask (single channel image or None)-— The mask if available.
* size (tuple of int) - The size of returned image.
Returns

Return type preprocessed image, annotation, mask

Image Aug - Resize then Crop

tensorlayer.prepro.keypoint_resize_random_crop (image, annos, mask=None, size=(368,
368))
Reszie the image to make either its width or height equals to the given sizes. Then randomly crop image without

influence scales. Resize the image match with the minimum size before cropping, this API will change the zoom
scale of object.

Parameters
* image (3 channel image) - The given image for augmentation.
* annos (list of list of floats)-— The keypoints annotation of people.
* mask (single channel image or None)- The mask if available.
* size (tuple of int)- The size (height, width) of returned image.
Returns

Return type preprocessed image, annos, mask
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Image Aug - Rotate
tensorlayer.prepro.keypoint_random_rotate (image, annos, mask=None, rg=15.0)
Rotate an image and corresponding keypoints.
Parameters
* image (3 channel image)— The given image for augmentation.
* annos (list of list of floats)- The keypoints annotation of people.
* mask (single channel image or None)-— The mask if available.
* rg(int or float)— Degree to rotate, usually 0 ~ 180.
Returns

Return type preprocessed image, annos, mask

Image Aug - Flip

tensorlayer.prepro.keypoint_random_f£1ip (image, annos, mask=None, prob=0.5, flip_list=(0,
1,5,6,7,2,3,4,11,12,13,8,9,10, 15, 14, 17, 16,

18))
Flip an image and corresponding keypoints.

Parameters
* image (3 channel image)— The given image for augmentation.
* annos (list of list of floats)— The keypoints annotation of people.
* mask (single channel image or None)-— The mask if available.
* prob (float, 0 to I1)-The probability to flip the image, if 1, always flip the image.

e flip list (tuple of int) - Denotes how the keypoints number be changed after
flipping which is required for pose estimation task. The left and right body should be main-
tained rather than switch. (Default COCO format). Set to an empty tuple if you don’t need
to maintain left and right information.

Returns

Return type preprocessed image, annos, mask

Image Aug - Resize

tensorlayer.prepro.keypoint_random_resize (image, annos, mask=None, zoom_range=(0.8,

1.2))
Randomly resize an image and corresponding keypoints. The height and width of image will be changed inde-

pendently, so the scale will be changed.
Parameters
* image (3 channel image)— The given image for augmentation.
* annos (list of list of floats)—- The keypoints annotation of people.
* mask (single channel image or None)- The mask if available.

e zoom_range (tuple of two floats) — The minimum and maximum factor to
zoom in or out, e.g (0.5, 1) means zoom out 1~2 times.
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Returns

Return type preprocessed image, annos, mask

Image Aug - Resize Shortest Edge

tensorlayer.prepro.keypoint_random_ resize_shortestedge (image, annos, mask=None,

min_size=(368, 368),
zoom_range=(0.8,
1.2), pad_val=(0, 0,

numpy.random.uniform))

Randomly resize an image and corresponding keypoints based on shorter edgeself. If the resized image is
smaller than min_size, uses padding to make shape matchs min_size. The height and width of image will be
changed together, the scale would not be changed.

Parameters

Returns

image (3 channel image) - The given image for augmentation.

annos (list of list of floats)— The keypoints annotation of people.
mask (single channel image or None)- The mask if available.
min_size (tuple of two int)-The minimum size of height and width.

zoom_range (tuple of two floats) — The minimum and maximum factor to
zoom in or out, e.g (0.5, 1) means zoom out 1~2 times.

pad_val (int/float, or tuple of int or random function) — The
three padding values for RGB channels respectively.

Return type preprocessed image, annos, mask

2.4.5 Sequence

More related functions can be found in tensorlayer.nlp.

Padding

tensorlayer.prepro.pad_sequences (sequences, maxlen=None, dtype="int32’, padding=’post’,

truncating="pre’, value=0.0)

Pads each sequence to the same length: the length of the longest sequence. If maxlen is provided, any sequence
longer than maxlen is truncated to maxlen. Truncation happens off either the beginning (default) or the end of

the sequence.

Supports post-padding and pre-padding (default).

Parameters

sequences (Iist of list of int)-— All sequences where each row is a sequence.
maxlen (int) - Maximum length.

dtype (numpy.dtype or str)-— Data type to cast the resulting sequence.

padding (st r) — Either ‘pre’ or ‘post’, pad either before or after each sequence.

truncating (str) — Either ‘pre’ or ‘post’, remove values from sequences larger than
maxlen either in the beginning or in the end of the sequence

value (float)— Value to pad the sequences to the desired value.

2.4. API - Data Pre-Processing 69



TensorLayer Documentation, Release 2.1.0

Returns x — With dimensions (number_of_sequences, maxlen)

Return type numpy.array

Examples

>>> sequences = [[1,1,1,1,11,12,2,21,103,31]

>>> sequences = pad_sequences (sequences, maxlen=None, dtype='int32',
padding='post', truncating='pre', value=0.)

[[1 111 1]
[2 2 2 0 0]
[3 3 00 0711

Remove Padding
tensorlayer.prepro.remove_pad_sequences (sequences, pad_id=0)
Remove padding.
Parameters
* sequences (1ist of list of int)- All sequences where each row is a sequence.
* pad_id (int)— The pad ID.
Returns The processed sequences.

Return type list of list of int

Examples

>>> sequences = [[2,3,4,0,0], 5,1,2,3,4,0,0,0]1, [4,5,0,2,4,0,0,0]]
>>> print (remove_pad_sequences (sequences, pad_id=0))

[
(
tez, 3, 41, [5 1, 2, 3, 41, [4, 5, 0, 2, 4]]

Process

tensorlayer.prepro.process_sequences (sequences, end_id=0, pad_val=0, is_shorten=True, re-

main_end_id=False)
Set all tokens(ids) after END token to the padding value, and then shorten (option) it to the maximum sequence

length in this batch.

Parameters
* sequences (1list of list of int)-— All sequences where each row is a sequence.
* end_id (int)— The special token for END.
* pad_val (int)— Replace the end_id and the IDs after end_id to this value.
* is_shorten (boolean)— Shorten the sequences. Default is True.
* remain_end_id (boolean)— Keep an end_id in the end. Default is False.

Returns The processed sequences.

Return type list of list of int
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Examples

>>> sentences_ids rr4, 3, 5, 3, 2, 2, 2, 21, <—— end_id is 2

[5, 3, 9, 4, 9, 2, 2, 311 <-— end_id is 2
>>> sentences_ids = precess_sequences (sentences_ids, end_id=vocab.end_id, pad_
—~val=0, is_shorten=True)

(4, 3, 5, 3, 01, [5 3, 9, 4, 9]]

Add Start ID
tensorlayer.prepro.sequences_add_start_id (sequences, start_id=0, remove_last=False)
Add special start token(id) in the beginning of each sequence.
Parameters
* sequences (list of list of int)- All sequences where each row is a sequence.
e start_id (int) - The start ID.

* remove_last (boolean)— Remove the last value of each sequences. Usually be used
for removing the end ID.

Returns The processed sequences.

Return type list of list of int

Examples
>>> sentences_ids = [[4,3,5,3,2,2,2,21, [5,3,9,4,9,2,2,31]
>>> sentences_ids = sequences_add_start_id(sentences_ids, start_id=2)
(tz2, 4, 3, 5, 3, 2, 2, 2, 21, 12, 5 3, 9, 4, 9 2, 2, 3]]
>>> sentences_ids = sequences_add_start_id(sentences_ids, start_id=2, remove_
—last=True)
[t2, 4, 3, 5, 3, 2, 2, 21, (2, 5 3, 9, 4, 9, 2, 2]]
For Seq2seq
>>> input = [a, b, c]
>>> target = [x, vy, z]
>>> decode_seq = [start_id, a, b] <-— sequences_add_start_id(input, start_id,
—True)
Add End ID

tensorlayer.prepro.sequences_add_end_id (sequences, end_id=888)
Add special end token(id) in the end of each sequence.

Parameters
* sequences (1ist of 1list of int)- All sequences where each row is a sequence.
* end_id (int)—The end ID.

Returns The processed sequences.

Return type list of list of int
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Examples

>>> sequences = [[1,2,3]1,[4,5,6,7]]
>>> print (sequences_add_end_id(sequences, end_id=999))
[y, 2, 3, 9991, 4, 5, 6, 999]]

Add End ID after pad
tensorlayer.prepro.sequences_add_end id_after_ pad (sequences, end_id=888, pad_id=0)
Add special end token(id) in the end of each sequence.
Parameters
* sequences (list of list of int)- All sequences where each row is a sequence.
e end_id (int)— The end ID.
* pad_id (int) - The pad ID.
Returns The processed sequences.

Return type list of list of int

Examples

>>> sequences = [[1,2,0,01, [1,2,3,0], [1,2,3,4]]
>>> print (sequences_add_end_id_after_pad(sequences, end_id=99, pad_id=0))
(e, 2, 99, o1, (1, 2, 3, 991, [1, 2, 3, 4]]

Get Mask
tensorlayer.prepro.sequences_get_mask (sequences, pad_val=0)
Return mask for sequences.
Parameters
* sequences (1ist of 1list of int)- All sequences where each row is a sequence.
* pad_val (int) - The pad value.
Returns The mask.

Return type list of list of int

Examples
>>> sentences_ids = [[4, O, 5, 3, 0, 01,
C [5, 3, 9, 4, 9, 0]]
>>> mask = sequences_get_mask (sentences_ids, pad_val=0)
[[1 1 11 0 0]
[1 11 11071]
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2.5 API - Files

A collections of helper functions to work with dataset. Load benchmark dataset, save and restore model, save and load

variables.

TensorLayer provides rich layer implementations trailed for various benchmarks and domain-specific problems. In
addition, we also support transparent access to native TensorFlow parameters. For example, we provide not only layers
for local response normalization, but also layers that allow user to apply t £ .nn.lrnonnetwork.outputs. More

functions can be found in TensorFlow API.

load_mnist_dataset([shape, path])

Load the original mnist.

load_fashion_mnist_dataset([shape, path])

Load the fashion mnist.

load_cifarl(0_dataset([shape, path, plotable])

Load CIFAR-10 dataset.

load_cropped_svhn([path, include_extra])

Load Cropped SVHN.

load_ptb_dataset([path])

Load Penn TreeBank (PTB) dataset.

load _matt_mahoney_ text8_ dataset([path])

Load Matt Mahoney’s dataset.

load_imdb_dataset([path, nb_words, ...])

Load IMDB dataset.

load_nietzsche_dataset([path])

Load Nietzsche dataset.

load_wmt_en_fr_dataset([path])

Load WMT*15 English-to-French translation dataset.

load flickr25k_dataset([tag, path,...])

Load Flickr25K dataset.

load_flickrlM dataset([tag, size, path,...])

Load Flick1M dataset.

load _cyclegan_dataset([filename, path])

Load images from CycleGAN’s database, see this link.

load_celebA dataset([path])

Load CelebA dataset

load_voc_dataset([path, dataset, ...])

Pascal VOC 2007/2012 Dataset.

load _mpii_pose_dataset([path,
is_16_pos_only])

Load MPII Human Pose Dataset.

download file from google_drive(ID, des-
tination)

Download file from Google Drive.

save_npz([save_list, name])

Input parameters and the file name, save parameters into
.npz file.

load_npz([path, name])

Load the parameters of a Model

tl.files.save_npz().

saved by

assign_weight s(weights, network)

Assign the given parameters to the TensorLayer net-
work.

load _and_assign_npz([name, network])

Load model from npz and assign to a network.

save_npz_dict([save_list, name])

Input parameters and the file name, save parameters as
a dictionary into .npz file.

load _and_assign_npz_dict([name, network,

skip])

Restore the parameters
save_npz_dict ().

saved by tl.files.

save_weights_to_hdf5(filepath, network)

Input filepath and save weights in hdf5 format.

load_hdf5_to_weights_in_order(filepath,
network)

Load weights sequentially from a given file of hdf5 for-
mat

load_hdf5_to_weight s(filepath, network[, skip])

Load weights by name from a given file of hdf5 format

save_any_to_npy([save_dict, name])

Save variables to .npy file.

load_npy_to_any([path, name])

Load .npy file.

file_ exists(filepath)

Check whether a file exists by given file path.

folder._ exists(folderpath)

Check whether a folder exists by given folder path.

del_file(filepath)

Delete a file by given file path.

del_folder(folderpath)

Delete a folder by given folder path.

read_file(filepath)

Read a file and return a string.

Continued on next page
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Table 5 — continued from previous page

load file 1ist([path, regx, printable, ...]) Return a file list in a folder by given a path and regular
expression.

load_folder._1ist([path]) Return a folder list in a folder by given a folder path.

exists_or_mkdir(path[, verbose]) Check a folder by given name, if not exist, create the
folder and return False, if directory exists, return True.

maybe_download_and_extract(filename, ...[, Checks if file exists in working_directory otherwise

D tries to dowload the file, and optionally also tries to ex-

tract the file if format is “.zip” or “.tar”

natural_keys(text) Sort list of string with number in human order.

2.5.1 Load dataset functions

MNIST
tensorlayer.files.load_mnist_dataset (shape=(-1, 784), path="data’)
Load the original mnist.

Automatically download MNIST dataset and return the training, validation and test set with 50000, 10000 and
10000 digit images respectively.

Parameters

* shape (tuple)— The shape of digit images (the default is (-1, 784), alternatively (-1, 28,
28, 1)).

* path (str)— The path that the data is downloaded to.

Returns X_train, y_train, X_val, y_val, X_test, y_test — Return splitted training/validation/test set
respectively.

Return type tuple

Examples

>>> X_train, y_train, X_val, y_val, X_test, y_test = tl.files.load_mnist_
—dataset (shape= (-1, 784), path='datasets')

>>> X_train, y_train, X_wval, y_val, X test, y_test = tl.files.load_mnist_
—dataset (shape=(-1, 28, 28, 1))

Fashion-MNIST
tensorlayer.files.load_fashion _mnist_dataset (shape=(-1, 784), path="data’)
Load the fashion mnist.

Automatically download fashion-MNIST dataset and return the training, validation and test set with 50000,
10000 and 10000 fashion images respectively, examples.

Parameters

* shape (tuple) — The shape of digit images (the default is (-1, 784), alternatively (-1, 28,
28, 1)).

* path (str) - The path that the data is downloaded to.
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Returns X_train, y_train, X_val, y_val, X_test, y_test — Return splitted training/validation/test set
respectively.

Return type tuple

Examples

>>> X_train, y_train, X_val, y_val, X_test, y_test = tl.files.load_fashion_mnist_
—dataset (shape=(-1,784), path='datasets')

>>> X_train, y_train, X_val, y_val, X_test, y_test = tl.files.load_fashion_mnist_
—dataset (shape=(-1, 28, 28, 1))

CIFAR-10
tensorlayer.files.load_cifarl0_dataset (shape=(-1, 32, 32, 3), path="data’, plotable=False)
Load CIFAR-10 dataset.

It consists of 60000 32x32 colour images in 10 classes, with 6000 images per class. There are 50000 training
images and 10000 test images.

The dataset is divided into five training batches and one test batch, each with 10000 images. The test batch
contains exactly 1000 randomly-selected images from each class. The training batches contain the remaining
images in random order, but some training batches may contain more images from one class than another.
Between them, the training batches contain exactly 5000 images from each class.

Parameters
* shape (tupe) — The shape of digit images e.g. (-1, 3, 32, 32) and (-1, 32, 32, 3).
* path (str)— The path that the data is downloaded to, defaults is data/cifarl0/.

* plotable (boolean)— Whether to plot some image examples, False as default.

Examples

>>> X_train, y_train, X_test, y_test = tl.files.load_cifarl0_dataset (shape=(-1
32, 32, 3))

o

References

¢ CIFAR website
¢ Data download link

* https://teratail.com/questions/28932

SVHN
tensorlayer.files.load_cropped_svhn (path="data’, include_extra=True)
Load Cropped SVHN.

The Cropped Street View House Numbers (SVHN) Dataset contains 32x32x3 RGB images. Digit ‘1’ has label
1, ‘9’ has label 9 and ‘0’ has label O (the original dataset uses 10 to represent ‘0’), see ufldl website.

Parameters
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* path (str)— The path that the data is downloaded to.
* include_extra (boolean)— If True (default), add extra images to the training set.

Returns X_train, y_train, X_test, y_test — Return splitted training/test set respectively.

Return type tuple

Examples
>>> X_train, y_train, X_test, y_test = tl.files.load_cropped_svhn (include_
—extra=False)
>>> tl.vis.save_images (X_train[0:100], [10, 10], 'svhn.png')
Penn TreeBank (PTB)

tensorlayer.files.load_ptb_dataset (path='data’)
Load Penn TreeBank (PTB) dataset.

It is used in many LANGUAGE MODELING papers, including “Empirical Evaluation and Combination of
Advanced Language Modeling Techniques”, “Recurrent Neural Network Regularization™. It consists of 929k
training words, 73k validation words, and 82k test words. It has 10k words in its vocabulary.

Parameters path (str)— The path that the data is downloaded to, defaults is data/ptb/.

Returns

* train_data, valid_data, test_data (list of int) — The training, validating and testing data in
integer format.

* vocab_size (int) — The vocabulary size.

Examples

>>> train_data, valid_data, test_data, vocab_size = tl.files.load_ptb_dataset ()

References

* tensorflow.models.rnn.ptb import reader

¢ Manual download

Notes

* If you want to get the raw data, see the source code.

Matt Mahoney’s text8

tensorlayer.files.load_matt_mahoney_text8_dataset (path='data’)
Load Matt Mahoney’s dataset.

Download a text file from Matt Mahoney’s website if not present, and make sure it’s the right size. Extract the
first file enclosed in a zip file as a list of words. This dataset can be used for Word Embedding.
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Parameters path (str)—The path that the data is downloaded to, defaultsis data/mm_test8/.

Returns The raw text data e.g. [.... ‘their’, ‘families’, ‘who’, ‘were’, ‘expelled’, ‘from’,
‘jerusalem’, ...]

Return type list of str

Examples

>>> words = tl.files.load_matt_mahoney_text8_dataset ()
>>> print ('Data size', len(words))

IMBD

tensorlayer.files.load_imdb_dataset (path='data’, nb_words=None, skip_top=0,
maxlen=None, test_split=0.2, seed=113, start_char=1,

oov_char=2, index_from=3)
Load IMDB dataset.

Parameters
* path (str)— The path that the data is downloaded to, defaults is data/imdb/.
* nb_words (int)— Number of words to get.

* skip_top (int)— Top most frequent words to ignore (they will appear as oov_char value
in the sequence data).

* maxlen (int)— Maximum sequence length. Any longer sequence will be truncated.
* seed (int) — Seed for reproducible data shuffling.

* start_char (int) — The start of a sequence will be marked with this character. Set to 1
because 0 is usually the padding character.

* oov_char (int) — Words that were cut out because of the num_words or skip_top limit
will be replaced with this character.

* index_from (int) - Index actual words with this index and higher.

Examples

>>> X_train, y_train, X_test, y_test = tl.files.load_imdb_dataset (
C nb_words=20000, test_split=0.2)
>>> print ('X_train.shape', X_train.shape)

(20000,) [r1, 62, 74, ... 1033, 507, 271,11, 60, 33, ... 13, 1053, 7]..]
>>> print ('y_train.shape', y_train.shape)

(20000,) [1 00 ..., 1 01]

References

¢ Modified from keras.
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Nietzsche
tensorlayer.files.load_nietzsche_dataset (path='data’)
Load Nietzsche dataset.

Parameters path (str) — The path that the data is downloaded to, defaults is data/
nietzsche/.

Returns The content.

Return type str

Examples

>>> see tutorial_generate_text.py

>>> words = tl.files.load_nietzsche_dataset ()
>>> words = basic_clean_str (words)

>>> words = words.split ()

English-to-French translation data from the WMT‘15 Website
tensorlayer.files.load wmt_en_fr dataset (path='data’)
Load WMT*15 English-to-French translation dataset.

It will download the data from the WMT*15 Website (10"9-French-English corpus), and the 2013 news test
from the same site as development set. Returns the directories of training data and test data.

Parameters path (str) — The path that the data is downloaded to, defaults is data/
wmt_en_fr/.

References

¢ Code modified from /tensorflow/models/rnn/translation/data_utils.py

Notes

Usually, it will take a long time to download this dataset.

Flickr25k

tensorlayer.files.load flickr25k_dataset (tag='sky’, path=’data’, n_threads=50, print-

able=False)
Load Flickr25K dataset.

Returns a list of images by a given tag from Flick25k dataset, it will download Flickr25k from the official
website at the first time you use it.

Parameters
* tag(str or None)-—
What images to return.
— If you want to get images with tag, use string like ‘dog’, ‘red’, see Flickr Search.

— If you want to get all images, set to None.
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* path (str)— The path that the data is downloaded to, defaults is data/flickr25k/.
* n_threads (int) — The number of thread to read image.

* printable (boolean) — Whether to print infomation when reading images, default is
False.

Examples

Get images with tag of sky

>>> images = tl.files.load_flickr25k_dataset (tag='sky')

Get all images

>>> images = tl.files.load_flickr25k_dataset (tag=None, n_threads=100,
—printable=True)

FlickriM

tensorlayer.files.load_flickrlM dataset (tag='sky’, size=10, path=’data’, n_threads=>50,

printable=False)
Load Flick1M dataset.

Returns a list of images by a given tag from FlickrlM dataset, it will download FlickrlM from the official
website at the first time you use it.

Parameters
* tag(str or None)-—
What images to return.
— If you want to get images with tag, use string like ‘dog’, ‘red’, see Flickr Search.
— If you want to get all images, set to None.

* size (int)—integer between 1 to 10. 1 means 100k images ... 5 means 500k images, 10
means all 1 million images. Default is 10.

* path (str)— The path that the data is downloaded to, defaults is data/flickr25k/.
* n_threads (int)— The number of thread to read image.

* printable (boolean) — Whether to print infomation when reading images, default is
False.

Examples

Use 200k images

’>>> images = tl.files.load_flickrlM dataset (tag='zebra', size=2)

Use 1 Million images

>>> images = tl.files.load_flickrlM dataset (tag='zebra')
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CycleGAN

tensorlayer.files.load_cyclegan_dataset (filename="summer2winter_yosemite’,

path="data’)
Load images from CycleGAN’s database, see this link.

Parameters
* filename (str)— The dataset you want, see this link.

* path (str)— The path that the data is downloaded to, defaults is data/cyclegan

Examples

>>> im_train_A, im_train_B, im_test_A, im_test_B = load_cyclegan_dataset (filename=
—'summer2winter_yosemite')

CelebA

tensorlayer.files.load_celebA_dataset (path='data’)
Load CelebA dataset
Return a list of image path.

Parameters path (str)— The path that the data is downloaded to, defaults is data/celeba/.

VOC 2007/2012

tensorlayer.files.load_voc_dataset (path='data’, dataset="2012", con-

tain_classes_in_person=False)
Pascal VOC 2007/2012 Dataset.

It has 20 objects: aeroplane, bicycle, bird, boat, bottle, bus, car, cat, chair, cow, diningtable, dog, horse, motor-
bike, person, pottedplant, sheep, sofa, train, tvmonitor and additional 3 classes : head, hand, foot for person.

Parameters
* path (str)— The path that the data is downloaded to, defaults is data/VOC.

* dataset (str) - The VOC dataset version, 2012, 2007, 2007test or 2012test. We usually
train model on 2007+2012 and test it on 2007test.

* contain_classes_in_person (boolean) — Whether include head, hand and foot
annotation, default is False.

Returns
» imgs_file_list (list of str) — Full paths of all images.

» imgs_semseg_file_list (/ist of str) — Full paths of all maps for semantic segmentation. Note
that not all images have this map!

* imgs_insseg_file_list (list of str) — Full paths of all maps for instance segmentation. Note
that not all images have this map!

» imgs_ann_file_list (/ist of str) — Full paths of all annotations for bounding box and object
class, all images have this annotations.

* classes (list of str) — Classes in order.
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* classes_in_person (list of str) — Classes in person.
* classes_dict (dictionary) — Class label to integer.
* n_objs_list (list of int) — Number of objects in all images in imgs_file_list in order.

* objs_info_list (list of str) — Darknet format for the annotation of all images
in imgs_file_list in order. [class_id x_centre y_centre width
height] in ratio format.

* objs_info_dicts (dictionary) — The annotation of all images in imgs_file_list,
{imgs_file_list : dictionary for annotation}, format from
TensorFlow/Models/object-detection.

Examples

>>> imgs_file_list, imgs_semseg_file_list, imgs_insseg_file_list, imgs_ann_file_

—list,

>>> classes, classes_in_person, classes_dict,

>>> n_objs_list, objs_info_list, objs_info_dicts = tl.files.load_voc_
—dataset (dataset="2012", contain_classes_in_person=False)

>>> idx = 26

>>> print (classes)

["aeroplane', 'bicycle', 'bird', 'boat', 'bottle', 'bus', 'car', 'cat', 'chair',
—'cow', 'diningtable', 'dog', 'horse', 'motorbike', 'person', 'pottedplant',

— 'sheep', 'sofa', 'train', 'tvmonitor']

>>> print (classes_dict)

{'"sheep': 16, 'horse': 12, 'bicycle': 1, 'bottle': 4, 'cow': 9, 'sofa': 17, 'car
—~': 6, 'dog': 11, 'cat': 7, 'person': 14, 'train': 18, 'diningtable': 10,
—'aeroplane': 0, 'bus': 5, 'pottedplant': 15, 'tvmonitor': 19, 'chair': 8, 'bird
—~': 2, '"boat': 3, 'motorbike': 13}

>>> print (imgs_file_list[idx])

data/VvOC/V0C2012/JPEGImages/2007_000423. jpg

>>> print (n_objs_list[idx])

2

>>> print (imgs_ann_file_list[idx])

data/VOC/V0OC2012/Annotations/2007_000423.xml

>>> print (objs_info_list[idx])

14 0.173 0.461333333333 0.142 0.496

14 0.828 0.542666666667 0.188 0.594666666667

>>> ann = tl.prepro.parse_darknet_ann_str_to_list (objs_info_list[idx])

>>> print (ann)

[[14, 0.173, 0.461333333333, 0.142, 0.496], [14, 0.828, 0.542666666667, 0.188, O.
5946666666671 ]

>>> ¢, b = tl.prepro.parse_darknet_ann_list_to_cls_box (ann)

>>> print(c, b)

[14, 1471 [[0.173, 0.461333333333, 0.142, 0.496], [0.828, 0.542666666667, 0.188, 0.
5946666666671 ]

References

e Pascal VOC2012 Website.
e Pascal VOC2007 Website.
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MPII
tensorlayer.files.load _mpii_pose_dataset (path='data’, is_16_pos_only=False)
Load MPII Human Pose Dataset.
Parameters
* path (str)— The path that the data is downloaded to.

* is_16_pos_only (boolean) — If True, only return the peoples contain 16 pose key-
points. (Usually be used for single person pose estimation)

Returns
* img_train_list (/ist of str) — The image directories of training data.
 ann_train_list (/ist of dict) — The annotations of training data.
» img_test_list (/ist of str) — The image directories of testing data.

» ann_test_list (/ist of dict) — The annotations of testing data.

Examples

>>> import pprint

>>> import tensorlayer as tl

>>> img_train_list, ann_train_list, img_test_list, ann_test_list = tl.files.load_
—mpii_pose_dataset ()

>>> image = tl.vis.read_image (img_train_list[0])

>>> tl.vis.draw_mpii_pose_to_image (image, ann_train_list[0], 'image.png')

>>> pprint.pprint (ann_train_list[0])

References

e MPII Human Pose Dataset. CVPR 14
e MPII Human Pose Models. CVPR 16
e MPII Human Shape, Poselet Conditioned Pictorial Structures and etc

* MPII Keyponts and ID

Google Drive
tensorlayer.files.download fi