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1 Introduction

Image processing is the extraction of information from image data and has a long history in research. One par-
ticular traditional approach of image processing is the application of Gabor filters [Daugman, 1985], which have
been used for the task of face recognition and other face-related tasks [Wiskott et al., 1997, [Zhang et al., 2005
Gunther, 2012] [Gunther et al., 2012| [Schneider et al., 2011]. Gabor wavelets are filters that are applied to im-
ages, and they model the first levels of the human visual system. Even when training deep networks, it has
been shown that the learned filters have large similarities with Gabor wavelets [Krizhevsky et al., 2012]. Early
approaches of incorporating Gabor wavelets directly into deep learning systems, however, only model parts of
the whole processing chain [Luan et al., 201§].

There exists and open-source packageﬂ that implements the whole chain of Gabor wavelet processing for
images in C++ with Python bindings. This package has been implemented by Manuel Giinther some years
ago as part of Bob [Anjos et al., 2012, [Anjos et al., 2017], but it has been deactivated in the last version due
to a restructuring and removal of all C+-+ implementationsﬂ The goal of this Master project is to rewrite this
package using PyTorch, so that it can be reactivated.

The documentatimﬁ of the package shows some use cases. First, a family of (typically 40) Gabor wavelets
is defined that includes Gabor wavelets in various scales and orientations. Second, a given image is filtered with
these 40 Gabor wavelets to produce 40 complex-valued filter responses. Third, Gabor jets [Wiskott et al., 1997]
Giinther, 2012] are extracted at certain locations in the image. Finally, these Gabor jets can be compared
with dedicated similarity functions to achieve various goals such as landmark detection [Wiskott et al., 1997],
disparity estimation [Gunther et al., 2012] or classification [Schneider et al., 2011}, [Gtinther, 2012]. As an ex-
ample, Gabor jets extracted in a grid graph structure can be used for face recognition |Ginther et al., 2012],
an example implementation is also availableEI

The problem with the existing implementation is that it is done in C4++ and without parallelization. Fur-
thermore, the available implementation does not allow the incorporation of the Gabor filtering into modern
deep learning methods. Since PyTorch allows parallelization on the GPU and includes everything required to
perform image filtering, the task is to implement the Gabor wavelet processing in PyTorch. This includes to
define the (complex-valued) filters as PyTorch Module, the extraction of Gabor jets, and the parallel implemen-
tation of their similarity computations. Additionally, the existing documentation needs to be updated, and it
is required that all tests defined in the current package will pass with the new implementation. Preliminary
implementations of the Module are available and can be used, including Gabor wavelets in spatial and frequency
domain, as well as first implementations of the Gabor wavelet transform.

2 Assignment

Before starting, we first need to set up the working environment. Since we will use and extend functionality in
Bob [Anjos et al., 2012], documentation on the package development in Bob is available onlineﬂ and should be
followed.

The first task is to implement Gabor wavelet processing in PyTorch. This can be done in spatial domain
by defining convolution filters similar to (or deriving from) 2D convolutions. Additionally, an implementation

Thttps://gitlab.idiap.ch/bob/bob.ip.gabor
%https://gitlab.idiap.ch/bob/bob.ip.gabor/-/issues/6
Shttps://www.idiap.ch/software/bob/docs/bob/bob. ip.gabor/master/index.html
4https://www.idiap.ch/software/bob/docs/bob/bob.example.faceverify/master/index.html
Shttps://www.idiap.ch/software/bob/docs/bob/bob.extension/stable/index.html
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in frequency domain shall be provided that speeds up processing when filters are large. This frequency domain
implementation requires defining Gabor wavelets in frequency domain, transforming images using fast Fourier
transform (FFT), multiplying images and filters in frequency domain, and perform an inverse FFT to the results.

The second task is to transform the complex-valued responses of the Gabor filters into Euler representations,
i.e., magnitude and phase, which should also be implemented as a PyTorch Module and can serve as an activation
function on the previous results.

Third, Gabor jets should be defined by extracting the 40 responses at certain (or all) locations in the image.
If time allows, grid graphs of Gabor jets should be implemented, including the I/O functionality, preferably
using HDF'5.

Fourth, different similarity functions should be implemented in PyTorch. Ideally, comparisons should be
implemented in parallel, for example, for comparing a Gabor jet from a specific location to Gabor jets of all
other locations in the image. If possible, such an implementation should be parallelized onto the GPU, but the
multiprocessing module can also be utilized. Implementing disparity estimation is part of this task.

Finally, the available documentation of the package needs to be adapted such that it reflects the new
implementation. Available test cases should not be touched unless they do not make sense in the new PyTorch
environment. It should be made sure that the tests pass with the new implementation. Additionally, Jupyter
notebooks can be created to showcase the usage of the package. Possibly, the package is re-integrated into the
Bob ecosystem at the Idiap Research Institute.

3 Schedule

Assuming 30 hours of work per week and a total of 15 ECTS with an average of 30 hours per ECTS, we arrive
at a total workload of 15 weeks full-time. These should be distributed as follows.

Week 1-3 Setting up the work environment, installing all required tools, building a joint software design and interface.

Week 4-5 Implementing the Gabor wavelet family as an extension of the PyTorch Conv2d layer. Implementing the
activation function to turn complex-valued responses into Euler representations.

Week 6-7 Implementing the Gabor wavelet processing in frequency domain using torch.fft for the FFT.

= Milestone 1: An image can be filtered with a family of Gabor wavelets, and the result of the spatial
domain transform and the frequency domain transform produce similar results.

Week 8-9 Implementing Gabor jets, including I/O functionality. Possibly implement them as Module in PyTorch.
= Milestone 2: Gabor jets can be extracted from images, saved and loaded from HDF5 files.
Week 10-12 Implementing similarity functions of Gabor jets and Gabor graphs in parallel.
= Milestone 3: Gabor jet disparities and other similarity functions are implemented.
Week 13-15 Updating the documentation of the package and improving the test cases.
= Milestone 4: The documentation is up-to-date and all test cases pass.

If time allows Implement the Gabor wavelet processing with learnable wavelets that can be updated by gradient descent.
Design a small end-to-end network and learning example that shows a proof of concept.

Optionally Implement grid graphs of Gabor jets as image representation. Update the face verification example to
work with the new package.

Optionally Integrate the new package into the Idiap ecosystem including the continuous integration system.

The project is designed for three students, given our current progress in the implementation of the Gabor
wavelets. I recommend to first design the API interface, which makes it easier to combine other tasks and work
on them in parallel. Afterward, the spatial and frequency-domain implementation of Gabor wavelets can be
done in parallel by two students, while the third is working on Gabor jets and their similarities. Subsequently,
the documentation and the test cases shall be updated, before going to the optional steps. It is recommended
to update the test cases while implementing the functionality.

Writing the project report is part of the Master project. As a template, the KTEX thesis template from my
webpageﬁ should be used. I would recommend to start writing early and keep note of what was done when, and
by whom. At the end of the project, there will be a joint presentation of the results in my research group.

Shttps://www.ifi.uzh.ch/en/aiml/theses.html
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