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Machine Perception

Machine perception is the capability of a computer system to
interpret its environment in a manner that is similar to the way
humans use their senses to relate to the world around them.
Computing systems perceive their environment through some form
of sensing hardware.

Computing System: robot, car, XR 
headset, smartphone, …
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Question of the Day:

How do you perceive the world?
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Question of the Day:

If you don’t know how you see

-
How are you going to program a machine to do it?

Short answer: 
we don’t program machines to see, we make them learn to see
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Machine Perception - Motivation

+ =MAGIC BLACKBOX
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Learning Objectives

After completing the course students will have acquired theoretical 
and practical knowledge about the most important problems in 
machine understanding (of human behavior). 

Students will be able to understand and reason about Deep 
Learning architectures and will be able to design, train and analyze 
novel architectures for hard problems in machine perception.
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Week 1 - 2

• Multi-Layer 
Perceptron (MLP)

• Fully connected 
networks

• Data, tasks, loss 
functions

• Backprop
• Activation 

functions, etc.

Week 3 - 4

• Convolutional 
Neural Networks

• Recurrent Neural 
Networks

• LSTM / GRU cells
• Backprop through 

time (BPTT)
• Fully convolutional 

networks

Week 5 - 10

• Latent variable 
models

• Autoregressive 
models

• Normalizing Flows 
and Invertible 
Networks

• GANs
• Diffusion Models
• Foundation Models

Week 11 - 14

• Parametric Human 
Body Models

• Implicit 
Representations

• Neural Radiance 
Fields

• Gaussian Splatting
• Egocentric 

Computer Vision

Content Overview

https://ait.ethz.ch/teaching/courses/2025-ss-machine-perception

Deep Learning Basics CNNs & RNNs Generative Modeling Advanced 3D Vision
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Course Logistics - Lecture

• Machine Perception (263-3710-00L)

• 8 ECTS

• Audience: MSc CS, RSC, Data Science, Applied Math, and more

• Lecture
• Wednesday 13:15 – 14:00 (HG F 1)

• Thursday 12:15 – 14:00 (HG F 1)

• Live stream + Recordings

• Lecture Notes

Beta Version.

Please help us improve it by 
reporting errors.

Exam will be based on slides 
and lecture materials, not 

lecture notes.
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Course Logistics - Exercises

• Machine Perception (263-3710-00L)

• 8 ECTS

• Audience: MSc CS, RSC, Data Science, Applied Math, and more

• Exercises and Project
• Thursday 14:15 – 16:00 OR Friday 14:15 – 16:00 (CAB G 11)

• Start on 29.02/01.03 (next week)

• Pen & paper assignments (not graded)

• Interactive tutorials and lecture-style classes with practical tips

• 1 multi-week project (optional, 0.25 bonus to exam grade)
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Course Logistics - Exam

• Machine Perception (263-3710-00L)

• 8 ECTS

• Audience: MSc CS, RSC, Data Science, Applied Math, and more

• Exam
• 3-hour, written, end-of-semester exam.

• First week after semester (week of June 2nd), details to follow.

• Project hand-in deadline same week, after exam.
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Course Logistics - Communication

• All questions (regarding content, organization etc.) on Moodle

• We will not be able to answer individual emails
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Course Logistics - Enrollment

There is a long waitlist.

If you know you will not take the exam, please de-register.

You are always free to follow the material on your own.
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Course Logistics - Additional Reading

Additional recommended reading:

• Deep Learning, MIT Press, Ian Goodfellow and Yoshua Bengio and Aaron 
Courville

• Available for free online: http://www.deeplearningbook.org/

Additional (catch-up) reading:

• Pattern Recognition and Machine Learning, Christopher Bishop

• Mathematics for machine learning, Mark Deisenroth et al. 

• Available for free online: https://mml-book.github.io/
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Course Logistics – Projects

Implicit Representation for Human Reconstruction
Reconstruct clothed human from multi-view RGB images.

3D Human Pose & Shape Estimation From In-The-
Wild Images
Estimation of pose and shape parameters of SMPL human body 
model from in-the-wild RGB images.

Human Motion Prediction
Predicting how human motion evolves in the short-term future.

Detailed descriptions here:
https://files.ait.ethz.ch/teaching/courses/2025-SS-Machine-
Perception/downloads/projects/mp_project.pdf
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Course Logistics – Projects

• The project is to be completed in groups of 3 - 4. 

• You will be able to indicate your topic preferences.

• You can achieve a grade bonus of 0.25 grade points by 
completing a project if your group passes the baseline.

• Formula: Final Grade = Exam Grade + Project Bonus

• You can only win: your written exam grade is not negatively 
affected by the project.
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Look for your group now!

• It is your responsibility to find a group.

• Ask on Moodle to look for a group 
• https://moodle-app2.let.ethz.ch/course/view.php?id=24597

• Do it early in case you cannot find a group!

• Register your group members & project preferences

• Registration closes on March 12th!
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Course Logistics – Projects

You will need some GPUs!

Dedicated student GPU Cluster:
• 1 GPU at a time per group
• Will be made available around week 6
• Supports interactive jobs for debugging
• Use local CPU-version for simple tests
• The cluster has limited resources, fair usage will be monitored
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Course Logistics - Important Links
Main Webpage
schedule, lecture slides, exercise 
materials, lecture notes

https://ait.ethz.ch/teaching/courses/2025-ss-machine-perception

Video Live Stream (Lecture) https://ethz.zoom.us/j/66647982653

Video Live Stream (Exercises) https://ethz.zoom.us/j/61337933444

Video Recordings https://video.ethz.ch/lectures/d-infk/2025/spring/263-3710-00L.html

Moodle
Ask questions, announcements, find 
project group

https://moodle-app2.let.ethz.ch/course/view.php?id=24597

Project Descriptions https://files.ait.ethz.ch/teaching/courses/2025-SS-Machine-
Perception/downloads/projects/mp_project.pdf

Project Registration
Open until March 12th

https://forms.gle/a1nkCu66qsr4tsBF6
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Week 1 - 2

• Multi-Layer 
Perceptron (MLP)

• Fully connected 
networks

• Data, tasks, loss 
functions

• Backprop
• Activation 

functions, etc.

Week 3 - 4

• Convolutional 
Neural Networks

• Recurrent Neural 
Networks

• LSTM / GRU cells
• Backprop through 

time (BPTT)
• Fully convolutional 

networks

Week 5 - 10

• Latent variable 
models

• Autoregressive 
models

• Normalizing Flows 
and Invertible 
Networks

• GANs
• Diffusion Models
• Foundation Models

Week 11 - 14

• Parametric Human 
Body Models

• Implicit 
Representations

• Neural Radiance 
Fields

• Gaussian Splatting
• Egocentric 

Computer Vision

Content Overview

https://ait.ethz.ch/teaching/courses/2025-ss-machine-perception

Deep Learning Basics CNNs & RNNs Generative Modeling Advanced 3D Vision
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Human Pose Estimation CNNs & RNNs

[Kocabas et al. VIBE: Video Inference for Human Body Pose and Shape Estimation, CVPR 2020]
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Human Pose Estimation CNNs & RNNs

[Kocabas et al. VIBE: Video Inference for Human Body Pose and Shape Estimation, CVPR 2020]
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Human Motion Infilling CNNs & RNNs

[Kaufmann et al. Convolutional Autoencoders for Human Motion Infilling, 3DV 2021]

?
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Human Motion Infilling [YouTube] CNNs & RNNs

[Kaufmann et al. Convolutional Autoencoders for Human Motion Infilling, 3DV 2021]
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Controllable Face Generation Generative Modeling

[Bühler et al. VariTex: Variational Neural Face Textures, ICCV 2021]
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Controllable Face Generation Generative Modeling

[Bühler et al. VariTex: Variational Neural Face Textures, ICCV 2021]
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Diffusion Models

[Ho et al. Denoising Diffusion Probabilistic Models, NeurIPS 2020]

Generative Modeling
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Human Reconstruction from a Single Image

[Ho et al. SiTH: Single-view Textured Human Reconstruction with Image-Conditioned Diffusion, CVPR 2024]

Condition a Diffusion 
Model on Image and 

Pose to produce back-
view hallucination 

Input Image
and Estimated Pose

Front/Back-view Images
SMPL-X Body Meshes

Output
Mesh + Texture

Generative Modeling Advanced 3D Vision

Reconstruct textured 3D 
mesh from front- and 
back-view via neural 

implicit functions (SDF).
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Neural Implicit Surfaces Advanced 3D Vision

[Chen et al. SNARF: Differentiable Forward Skinning for Animating Non-Rigid Neural Implicit Shapes, ICCV 2021]
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Neural Implicit Surfaces Advanced 3D Vision

[Chen et al. SNARF: Differentiable Forward Skinning for Animating Non-Rigid Neural Implicit Shapes, ICCV 2021]
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Reconstruction From Monocular Video Advanced 3D Vision

[Guo et al. Vid2Avatar: 3D Avatar Reconstruction from Videos in the Wild via Self-supervised Scene Decomposition, CVPR 2023]
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Challenging Recordings In The Wild Advanced 3D Vision

[Kaufmann et al. EMDB: The Electromagnetic Database of Global 3D Human Pose and Shape in the Wild, ICCV 2023]
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Multi-Person Multi-View Pose Estimation Advanced 3D Vision

[Jiang et al. WorldPose: A World Cup Dataset for Multi-Person Global 3D Human Pose Estimation, ECCV 2024]



Next week

• Some problems and tasks that we care about

• Biological vision as ‘blueprint’ for artificial neural networks 

• What functions can neural networks represent? 
• Universal approximation theorem 

• And how do we train them? 
• Backprop algorithm 
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Reminders

• No lecture tomorrow (20.02.)

• No tutorials this week
• Tutorials start next week (27.02/28.02)

• Same content on Thursday and Friday

• Always in CAB G 11

• Important Dates

• Exam and project deadline first week of June

• Open House Wednesday 30.04.2025 at Heinrichstrasse

• Deregister if you do not plan to take the exam
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