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About Me

● PhD Candidate at AIS since 02.2021

● Before:

○ M. Sc. at University of Erlangen-Nuremberg

○ B. Sc. at University of Vigo (Spain)

● Research interests:

○ Self-supervised and Unsupervised Learning

○ Computer Vision

○ (Music) Information Retrieval 
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Motivation

3



Lab Vision SystemsAngel Villar-Corrales

Why Image Processing on GPUs?
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  ● Image processing and analysis algorithms are inherently parallel:
○ Convolutions
○ Filtering 

●   Advancements on parallel computing devices: GPUs or TPUs
●   Availability of programming interfaces: CUDA, OpenCL, ...
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https://towardsdatascience.com/parallel-computing-upgrade-your-data-science-with-a-gpu-bba1cc007c24
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CPU vs. GPU Performance 
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Date

Nvidia Stock Price
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ImageNet Challenge
● ≈14 million natural images labelled into ≈1000 classes

● 2012: Deep learning breakthrough by Krizhevsky et al. [1]
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[1]Krizhevsky, A. et al.. "Imagenet classification with deep convolutional neural networks." Advances in neural information processing systems, 2012
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ImageNet SOTA
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https://devopedia.org/imagenet

9.4%!

First CNN

Super-human or 
super-Karpathy
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Architectures
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AlexNet (2012) VGG (2014)

ResNet (2015) Transformers (2020)
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Applications in Vision 
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Object Detection Semantic Segmentation

Human Pose Estimation Image Synthesis
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Deep Learning Users
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In this Lab...
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In this Lab...

● Implementing deep learning algorithms for visual pattern recognition
○ Python programming language
○ PyTorch framework
○ Deep learning basics
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● 8 Lab sessions (30%) in 14 weeks

● Final project (70%) in lecture free period
○ Code/Results
○ Technical Report (6-10 pages)
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Organization

● Meeting time: Biweekly 2 hours meeting, in-person 
○ Discuss solution to previous assignment
○ Review some theory
○ Run sample code
○ Provide next assignment
○ Questions
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● Room 0.057 accessible during working hours

● Accessible GPUs (Informatik ID):
○ 6 GPU servers (cuda7 - cuda12) with GTX680 / 780 / 980
○ 4 Bigcuda (bigcuda1, 3, 4, 5) with GTX-Titan / GTX-Titan X / Tesla K20c
○ Free online resources (Google Colab/ Kaggle kernels)
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Assignments

● Each session covers one topic

● Take-home assignment

○ Similar to what we do during the session

○ Due shortly before follow up session

● Assignments & project can be done in pairs

○ Highly recommended!

● Send me a mail with the name of your partner or tell me if you need one
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Topics Covered

1. Python & PyTorch basics

2. Autograd, Fully Connected Neural Networks (FC or MLP)

3. Optimization & Convolutional Neural Networks (CNNs)

4. Popular architectures and transfer learning 

5. Recurrent Neural Networks (RNNs & LSTM)

6. Autoencoders (AEs), Denoising and Variational AEs

7. Generative Adversarial Networks (GAN)

8. Deep Metric and Similarity Learning 

9. Extra credit assignment (Optional)
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Registration

● Please fill this form before 20.10 (select the time slots that work for you)

https://forms.gle/CP2PpHcDW7jbAmhW8

● Registration (contact me first):
● Uni Bonn: in BASIS 
● Bonn-Rhein-Sieg & Others: Contact our secretary
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Monday Tuesday Wednesday Thursday Friday

9-11 or 10-12

11-13 or 12-14

13-15 or 14-16

15-17
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Some of our research...
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Neural Abstraction Pyramid

19



Lab Vision SystemsAngel Villar-Corrales

Object-class Segmentation
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Input Output Ground Truth

[Schulz and Behnke. ESANN 2012]

● Multi-scale CNN for RGB-pixel segmentation
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Object Detection
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[Schulz and Behnke. ICANN 2014]

● Bounding box object detection

● Novel structured loss function to directly maximize overlap of predicted and 
ground truth bounding boxes

● Evaluation on two difficult classes from Pascal VOC dataset
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RGB-D Object Segmentation

● Use of kinect-like sensors to obtain depth values
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[Schulz, Höft and Behnke. ESANN 2015]
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Object Segmentation from RGB-D Video

● Video processing with multi-scale Convolutional RNNs

● Iterative refinement through different time steps
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[Pavel, Schulz, and Behnke. IJCNN 2015,
Neural Networks 2017]
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Computer Vision with Pretrained Features

● Object recognition and pose estimation

● Pretrained features from ImageNet

● Improved classification and estimation performance
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[Schwarz, Schulz and Behnke. ICRA 2015]

Evaluation on the Washington RGB-D Objects dataset
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Amazon Bin-Picking Challenge
● Picking a large variety of objects

● Placing them on a shelf or packing boxes

● NimbRo team came in 2nd

● Computer vision challenge 
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[Schwarz et al. ICRA 2017]



Lab Vision SystemsAngel Villar-Corrales

Object Capture and Scene Synthesys
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● Capture data with a turn table
● Rendered realistic scenes
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Object Detection and Segmentation

● RefineNet architecture [1]

● Trained on rendered data
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[1] Lin et al. CVPR 2016
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Soccer Robots

● NimbRo participates in humanoid soccer robot competitions (RoboCup)

● Challenging perception scenario
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Robot Tracking and Identification

● Real time robot tracking
● Scalable and able to handle occlusions
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[Farazi and Behnke. IROS 2017]
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Scene Understanding

● End-to-end convolutional model
● Robot and ball detection
● Soccer field segmentation
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[Rodriguez et al. RoboCup 2019]
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Style Transfer Learning
● Person detection and human pose estimation through style transfer learning

● Two stage pipeline to learn in challenging domains with few annotations
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Input OpenPose Ours

[Villar-Corrales, Mahdu, et al. 2020]
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Denoising and Super-Resolution

● Architectural designs for joined denoising and super-resolution
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[Villar-Corrales, et al. ICASSP 2021]

Ground Truth Input Median Pre-net Wiener Pre-net DAE Pre-net

Wiener In-net DAE In-netMedian In-netNo denoiserNo tuning
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Unsupervised Object-Centric Learning
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[Villar-Corrales and Behnke.  Under Review 2021]
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And much more...
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UAV Perception 3D Deep Learning

Signal Processing and Deep Learning Scene Synthesis
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Once Again...
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Registration

● Please fill this form before 20.10 (select the time slots that work for you)

https://forms.gle/CP2PpHcDW7jbAmhW8

● Registration (contact me first):
● Uni Bonn: in BASIS 
● Bonn-Rhein-Sieg & Others: Contact our secretary
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Monday Tuesday Wednesday Thursday Friday

9-11 or 10-12

11-13 or 12-14

13-15 or 14-16

15-17
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Questions?
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