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• About the instructor
• Overview of the course
• Overview of the fundamental concepts in TRAI
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Sinan Kalkan
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Education:
• BSc: Dept. of Computer Engineering, METU

• MSc: Dept. of Computer Engineering, METU

• PhD: Dept. of Informatics, University of Gottingen 
(Germany)

Research Interests:
• Computer Vision

• Machine Learning

• Cognitive Robotics

• Bilim Akademisi Genç Bilim İnsanı Ödülü (BAGEP), 2020.
• Outstanding Paper Award by IEEE Transactions on 

Cognitive and Developmental Systems, 2019.
• Yılın Tezi Ödülü, ODTÜ, 2018.
• Yılın Eğitimcisi Ödülü, ODTÜ, 2014.

Twitter: @kalkansinan
Email: skalkan@metu.edu.tr
Web: ceng.metu.edu.tr/~skalkan



- Computer Vision
- Pattern Recognition
- Artificial Intelligence

Akbaş et al., 2021

Cinbiş et al., 2017

Vural et al., 2021

Alemdar et al., 2017

https://twitter.com/metu_imagelab

https://image.ceng.metu.edu.tr/
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- Swarm Robotics
- Cognitive Robotics
- Computer Vision & Machine 

Learning

http://kovan.ceng.metu.edu.tr/

https://twitter.com/MetuKovan
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12/2019 – 12/2022
~ 2 million euros

https://romer.metu.edu.tr/

https://twitter.com/MetuRomer

CENG7880



Laboratuar
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Depo

Arena

Ofis

ROMER: Workshops and Arenas

Dış Ortam

Sınıf

80m²

200m²

Mekanik Atölye

Elektronik Atölye
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My Research: 
Modeling Context

Figure from: Rabinovich, A., & Belongie, S. (2009). Scenes vs. objects: a 
comparative study of two approaches to context based recognition. CVPR.

Bozcan, I., & Kalkan, S. (2019). Cosmo: Contextualized 
scene modeling with boltzmann machines. Robotics and 
Autonomous Systems.

Doğan, F. I., Celikkanat, H., & Kalkan, S. (2018). A deep 
incremental boltzmann machine for modeling context in 
robots. IEEE International Conference on Robotics and 
Automation (ICRA).

Celikkanat, H., Orhan, G., Pugeault, N., Guerin, F., Şahin, 
E., & Kalkan, S. (2015). Learning context on a humanoid 
robot using incremental latent dirichlet allocation. IEEE 
Transactions on Cognitive and Developmental Systems, 
8(1), 42-59. 
* Outstanding paper award.

Ilker
Bozcan

Irmak
Dogan

Hande
Celikkanat
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My Research: 
Object Detection

Fig: https://analyticsprofile.com/machine-learning/object-detection-basic-tutorial-in-python/

“Correlation Loss: Enforcing Correlation between Classification and Localization”, AAAI, 2023. 
“One Metric to Measure them All: Localisation Recall Precision (LRP) for Evaluating Visual Detection Tasks", PAMI, 2022.
“Rank & Sort Loss for Object Detection and Instance Segmentation", ICCV, oral presentation, 2021.
"Imbalance Problems in Object Detection: A Review", PAMI, 43(10):3388-3415, 2021.
"A Ranking-based, Balanced Loss Function Unifying Classification and Localisation in Object Detection", NeurIPS, spotlight paper, 2020.

Emre 
Akbas

Baris Can 
Cam

Kemal 
Oksuz

Fehmi
Kahraman
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My Research: 
Class Imbalance
Project page: https://metu-balance.github.io/

Source: https://liuziwei7.github.io/papers/longtail_slides.pdf

K. Oksuz, B. C. Cam, S. Kalkan, E. Akbas, "Imbalance Problems in Object Detection: A Review", PAMI, 2021.

Z. S. Baltaci, K. Oksuz, S. Kuzucu, K. Tezoren, B. K. Konar, A. Ozkan, E. Akbas*, S. Kalkan*, "Class Uncertainty: A Measure to Mitigate Class Imbalance", under review, 2023.

Emre 
Akbas

Baris Can 
Cam

Kemal 
Oksuz

Sonat
Baltaci

And:
- Selim Kuzucu
- Alpay Özkan
- Artun Özyeğin
- Kıvanç Tezören
- Feyza Yavuz
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My Research: 
Bias and Fairness

J. Cheong, S. Kuzucu, S. Kalkan, H. Gunes, "Towards Gender Fairness for Mental Health Prediction", 32nd Int. Joint Conf. on Artificial Intelligence (IJCAI), 2023.

Cheong, J., Kalkan, S., & Gunes, H. (2022). Counterfactual Fairness for Facial Expression Recognition, uECCV 2022 Workshop and Challenge on People Analysis: From Face, Body and Fashion 
to 3D Virtual Avatars, 2022.

Cheong, J., Kalkan, S., & Gunes, H. (2021). The Hitchhiker’s Guide to Bias and Fairness in Facial Affective Signal Processing: Overview and techniques. IEEE Signal Processing Magazine, 38(6), 
39-49.

Xu, T., White, J., Kalkan, S., & Gunes, H. (2020). Investigating Bias and Fairness in Facial Expression Recognition. ECCV 2020 Workshop on Fair Face Recognition and Analysis

Tian 
Xu

Hatice 
Güneş

Jennifer 
White

Jiaee 
Cheong

Selim 
Kuzucu
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My Research: 
Robot Apprentice
Project page: https://metu-kalfa.github.io/

O. Aslan, B. Bolat, B. Bal, T. Tumer, E. Sahin, S. Kalkan, “AssembleRL: Learning to Assemble Furniture from Their Point Clouds Only”, IROS, 2022.

Terzioglu, O. Aslan, B. Bolat, B. Bal, T. Tumer, F. C. Kurnaz, S. Kalkan, E. Sahin, "APPRENTICE: Towards a Cobot Helper in Assembly Lines", ICRA2021 
Workshop on Unlocking the Potential of HRC for Industrial Applications, 2021.

Erol
Sahin

Yunus
Terzioglu

Ozgur
Aslan

Burak
Bolat
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My Research: 
ML for Energy

Help stakeholders by predicting
• Energy use of buildings

• for heating or cooling

• Lighting costs of buildings
• Energy generation of solar panels
• Matching energy generation and 

demand

E. G. Halacli, I. Canli, O. K. Iseri, F. Yavuz, C. M. Akgul, S. Kalkan, I. G. Dino, "A Novel Graph Neural Network for Zone-Level Urban-Scale Building Energy Use Estimation", 10th 
ACM International Conference on Systems for Energy-Efficient Buildings, Cities, and Transportation, 2023.

I. Canli, S. Kalkan, I. G. Dino, "Useful Daylight Illuminance Prediction Under Data Imbalance in an Urban Context", 41st Conference on Education and Research in Computer 
Aided Architectural Design in Europe, eCAADe 2023.

Project Page: https://metu-energy.github.io/
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Overview of the course
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About the course
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Syllabus
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Weekly outline
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Grading
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Project

• Implement a conference paper without any implementation
• Reproduce their results and provide a critical analysis 
• Produce a Github Repo with a detailed Readme file 

• Papers can only be from the following top conferences:
• ICLR, AAAI, NeurIPS, ICML, CVPR, ECCV or similar

• You can work in groups of two.
• Deadline for choosing papers: 13 October.
• A link for submitting details about the papers will be provided.
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Taking the course
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Basic DL Concepts

Ensure that you know the following:

• Why does DL work now?
• End-to-end learning
• Distributed representations
• Advantages and disadvantages of DL
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Basic ML Concepts

Ensure that you know the following:

• Supervised vs. unsupervised learning
• Discriminative vs. generative learning
• Model selection, cross validation
• Overfitting, memorization, bias-variance trade-off
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Taking the course

• Background
• Programming, Python
• Data structures and algorithms
• Linear algebra, Calculus, Statistics
• Fundamental deep learning models: MLP, CNN, RNN, Transformers, ..

• Fill out the following form until 3 Oct, midnight:
https://tinyurl.com/ceng7880

(long URL: https://forms.gle/goKjPGkHn7oWomkW6)
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Overview of the fundamental 
concepts in TRAI
Social, ethical and policy implications of AI
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Trust and Responsibility in AI Systems

CENG7880
https://www.kuka.com/en-us/future-production/human-robot-
collaboration

https://www.syfy.com/syfy-wire/how-will-robots-change-
household-chores-in-the-future https://www.lystloc.com/blog/how-does-the-face-

recognition-attendance-system-work/

https://researchleap.com/research-in-autonomous-driving-a-
historic-bibliometric-view-of-the-research-development-in-
autonomous-driving/ https://techcrunch.com/2021/10/14/actuator-8/

https://www.independent.co.uk/news/science/france-scottish-
government-heriotwatt-university-scotland-edinburgh-
b2487713.html



Beyond accuracy
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Slide credit: Osbert Bastani and Rajeev Alur, CIS 7000 Trustworthy ML, UPenn.
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Beyond accuracy
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https://ec.europa.eu/commission/presscorner/detail/en/ip_25_1787



Trust and Fairness in AI Systems: 
Ethical Principles

• Trustworthy systems

• Dependability, false alarm rate, transparency, task complexity

• Performance and reliability

CENG7880

Items from Bartneck et al., “An Introduction 
to Ethics in Robotics and AI”, 2021.



Trust and Fairness in AI Systems: 
Ethical Principles
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Floridi et al., “AI4People—An Ethical 
Framework for a Good AI Society: 
Opportunities, Risks, Principles, and 
Recommendations”, 2018.



Trust and Fairness in AI Systems: 
Ethical Principles
Non-maleficence: “AI shall not harm people”
• Social Media Bullying and Harassment
• Hate speech

CENG7880

Items from Bartneck et al., “An Introduction 
to Ethics in Robotics and AI”, 2021.

Kumar, R., & Bhat, A. (2022). A 
study of machine learning-based 
models for detection, control, and 
mitigation of cyberbullying in 
online social media. International 
Journal of Information 
Security, 21(6), 1409-1431.



Trust and Fairness in AI Systems: 
Ethical Principles
Beneficence: “AI shall do good”

• Health & medicine 
• Automation
• Education
• Security
• Environment

CENG7880

Items from Bartneck et al., “An Introduction 
to Ethics in Robotics and AI”, 2021.

* See Slide 27 for references to image sources.



Trust and Fairness in AI Systems: 
Ethical Principles

Autonomy: “AI shall respect people’s goals and wishes”

• “autonomy refers to the ability of a person to make decisions”

• What if the owner gives an order harmful that can be harmful to 
others?
• Robots (e.g. police robots) designed to use force against humans

CENG7880

Items from Bartneck et al., “An Introduction 
to Ethics in Robotics and AI”, 2021.



Trust and Fairness in AI Systems: 
Ethical Principles
• Justice (Fairness): “AI shall act in a just and unbiased way”
• Determining Creditworthiness
• Use in Court

CENG7880

Items from Bartneck et al., “An Introduction 
to Ethics in Robotics and AI”, 2021.



Trust and Fairness in AI Systems: 
Ethical Principles
• Explicability: “AI shall be able to explain why it arrived at a certain 

conclusion or result”

CENG7880

Items from Bartneck et al., “An Introduction 
to Ethics in Robotics and AI”, 2021.

Fig: https://theaisummer.com/xai/



Privacy Issues of AI

•Why AI needs data?
• Private data collection and its dangers
• Persistence surveillance
• Smart cameras/toys/devices to collect data

• Usage of private data for non-intended purposes
• Manipulation by advertising systems
• Data/systems to affect our choices (e.g., political decisions)
• Impersonate people
• Possible to infer personal information (genetics, physical/mental 

limitations, ..)
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Privacy Issues of AI
• Private data collection and its dangers

• Auto insurance discrimination:
• Insurance companies use data to estimate customer risks
• Can include bias

• The Chinese social credit system: 
• Credit scoring based on how good a citizen is (using also 

web/social/cloud data)
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Course Coverage
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Robustness

• “ML Model robustness denotes the capacity of a model to sustain 
stable predictive performance in the face of variations and changes 
in the input data”
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https://arxiv.org/pdf/2404.00897v2

Fig: https://arxiv.org/pdf/1412.6572



Explainability
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https://www.darpa.mil/research/programs/explainable-artificial-intelligence



Bias and Fairness
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Buolamwini, J., Gebru, T.: Gender shades: Intersectional accuracy disparities in commercial gender classification. 
In: Conference on fairness, accountability and transparency. pp. 77-91 (2018).
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