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DEEP LEARNING IN ROBOTICS
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Deep Learning
• Very hot trend in Machine Learning / AI
• Traditional approaches: Hand tuned features, e.g.:

• Feature extraction (Computer Vision); 
Hidden Markov Models & Statistics (Natural Language Processing)

• Deep Learning approach:
• Learning of parameters for Artificial Neural 

Network (ANN) based on training data

• Recent success based on:
• Huge amounts of (training) data
• Lots of computing power
• Better DL architectures

Image Source: Matthew Mayo
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NIPS’2015 DL Tutorial   http://www.iro.umontreal.ca/~bengioy/talks/DL-Tutorial-NIPS2015.pdf

http://www.iro.umontreal.ca/~bengioy/talks/DL-Tutorial-NIPS2015.pdf


Multiple Layers: Levels of Abstraction
Source:
NIPS’2015 Tutorial
Geoff Hinton, Yoshua Bengio & Yann LeCun
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Amazon Picking Challenge
• Robot stow and take (pick) products from shelves 
• Challenges in: Computer vision (find object and its pose [ position & 

orientation ] ) and Manipulation (planning, grasping)
• Since 2015 – now co-located 

with RoboCup
• Winner 2016: Team Delft

• Suction gripper (easy!)
• 100 items per hour (human: 400)
• Failure rate: 16.7 %
• Deep learning to find objects:

• Stereo camera for 3D
• ROS Industrial
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https://www.theverge.com/2016/7/5/12095788
/amazon-picking-robot-challenge-2016

https://www.theverge.com/2016/7/5/12095788/amazon-picking-robot-challenge-2016


End-to-End Deep Reinforcement Learning

• From sensors to actuation: one layered or recurrent neural network! =>
• NOT classical general control scheme (Perception, SLAM, Cognition & Planning, Navigation)

• Needs reward signal: sparse, noisy, delayed!
• Take time into account: input frames are related!

• Gained interest 2013 again with:
• Deep Mind (google) playing ATARI 2600 games
• Video: Breakout
• Learned 7 games
• Surpasses human expert in 3
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https://www.cs.toronto.edu/~vmnih/docs/dqn.pdf

https://www.cs.toronto.edu/~vmnih/docs/dqn.pdf


BRETT: Berkeley Robot for Learning Tedious Tasks: 
Deep Reinforcement Learning

• ”There are no labeled directions, no examples of how to solve the problem in advance. There 
are no examples of the correct solution like one would have in speech and vision 
recognition programs” 

• Learn simple tasks in 
10 minutes; 
learn vision and control 
together in 3 hours

• Pieter Abbeel of 
UC Berkeley; 

• 2015
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http://news.berkeley.edu/2015/05/21/
deep-learning-robot-masters-skills-
via-trial-and-error/

http://news.berkeley.edu/2015/05/21/deep-learning-robot-masters-skills-via-trial-and-error/


Google Door Opening Project

• Learn to open doors using Reinforcement learning

• Learning reward: opening the door

• Much harder than purely digital learning: very slow iterations!

• Simulation only helps a bit:

real world much more complex

• Google and

UC Berkeley Sergey Levine

• Google very secretive …
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https://www.wired.com/2017/01/googles-go-

playing-machine-opens-door-robots-learn/

https://www.wired.com/2017/01/googles-go-playing-machine-opens-door-robots-learn/


Nvidia end-to-end deep 
learning self driving car
• Raw pixel of single camera => 

steering command of car
• 30 FPS; single-image control 

(no history)
• Nvidia Drive PX car computer 

(ARM cores and Nvidia GPU)
• Human steering angle for training

• End-to-end: NO explicit:
• Lane detection
• Road detection
• Obstacle detection
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https://devblogs.nvidia.com/parallelforall/
deep-learning-self-driving-cars/

https://devblogs.nvidia.com/parallelforall/deep-learning-self-driving-cars/


• Training:
• Additionally use left and right camera:

negative examples!
• Highway, residential roads, unpaved roads, car parks
• Different weather conditions

• Result: Autonomous 98% of the time =>
2% driver intervention
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Problems with Deep Learning
• 99% success rate sounds good, but 1% failure is often unacceptable (e.g. autonomous car)

• Failures are unavoidable => 
• need quality estimate/ uncertainty of the result!
• Often not available for DL L

• Lack of theory regarding deep learning
• Acts like a black box…

• No introspection of how or why a DL system is behaving like it is =>
• No safety guarantees possible

• Deep learning only part of an overall AI system
• Hand-crafted methods can still be very powerful
• Modelling useful (with input from DL)
• Statistical methods
• Reasoning
• Planning
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ADMIN
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• Final Exam: Dec 5 during lecture hours

• HW 4: will be published soon…
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Paper Presentation
• Presentation Schedule:

• During lecture hours
• 4 Presentation slots:

• Presentation 1: Nov 12
• Presentation 2: Nov 19
• Presentation 3: Nov 21
• Presentation 4: Nov 28

• After Oct 21st: loose 33%; After Nov 2nd: loose 50% 

• 10 minute presentation plus 1 minute project relevance plus 3 minutes questions =>
• 15 minute per student x 8 students => 2 hours

• Every student has to attend the 2 presentations slots defined in the schedule!
• Attendance will be checked!

• You will be using my Laptop

• A laser pointer will be provided
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Project �	 Name Presentation Attendence Student Advisor
��� Yizheng Zhang 1 1 & 2 Xiaoling
��� Jiahui Zhu 1 1 & 2
��� Zehao Yu 1 1 & 2 Xiaoling
��� Shenhan Qian 1 1 & 2
�
� Xianing Chen 1 1 & 2
�) Yang Li 1 1 & 2 Xiaoling
��	 Ruiqing Chen 1 1 & 2
�� Liang Chen 1 1 & 2
!�� Zhiwei Wang 2 2 &3 Hongyu
��� Yihui Yan 2 2 &3
��� Weihong Tang 2 2 &3 Hongyu
��� Renzhi Tang 2 2 &3
��) Jingyang Hou 2 2 &3 Hongyu
!$& Yizhou Wang 2 2 &3
�� Zhenpeng He 2 2 &3 Sören
�� Hao Sun 2 2 &3
�
� Xiting Zhao 3 3 & 4 Hongyu
��� Zhijie Yang 3 3 & 4
��� Haochuan Wan 3 3 & 4
#�� Ningzhi Zhu 3 3 & 4 Xiaoling
�� Yu Zhou 3 3 & 4
��� Rundong Li 3 3 & 4 Haofei
+� Kun Huang 3 3 & 4
*% Ling Gao 3 3 & 4
��� Conghui Zhang 4 1 & 4 Haofei

�� Deming Wu 4 1 & 4
 �� Tianxing Niu 4 1 & 4
��' Jiadi Cui 4 1 & 4 Qingwen
(" Lei Jin 4 1 & 4
��� Zhouyang Lin 4 1 & 4 Qingwen
*
� Guoliang Gao 4 1 & 4

Car project

Mapping Robot

Elevator

Rover SLAM

Robotics Project Teams

Life science Fetch robot

Furniture Free Mapping

Omni Camera

Car project

Event Camera

Rover Manipulation

Factorization

Wifi Localization

Underwater stereo SLAM



Projects: Safety is important!
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AI ETHICS
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https://cybersecuritydegrees.com/ethical-ai/
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https://cybersecuritydegrees.com/ethical-ai/
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When AI 
goes wrong
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https://www.logikk.com/
articles/8-ethical-
questions-in-artificial-
intelligence/

https://www.logikk.com/articles/8-ethical-questions-in-artificial-intelligence/


Ethical AI: Many open questions and topics:
• Autonomy and liability
• Ethical principles in robotics
• Defining ethical guidelines for the 

design, use and operation of robots
• Enhancement technologies: ethical 

issues
• Privacy and the management of 

personal data
• Ethical frameworks: universal or 

region specific?
• The role of industry and society in the 

definition of safety standards
• AI technology to block unethical/ 

mendacious social-media 
communication

• Accountability in autonomous 
systems

• Transparency in autonomous 
systems

• Embedding values and norms into 
intelligent systems

• Ethics and standardization
• Raising ethical awareness among 

stakeholders
• Political and legal frameworks
• Formal and mathematical frameworks 

for robot ethics
• Implementations and engineering 

studies
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https://www.icres2019.org

https://www.icres2019.org/


Ethical AI: Scientific Discussion

• IEEE Robotics and Automation Society: Technical Committee on Robot Ethics
• Framework for raising and addressing the urgent ethical questions prompted by and associated 

with robotics research and technology.
• https://www.ieee-ras.org/robot-ethics

• ICRES 2019 is the fourth edition of the International Conference on Robot Ethics and 
Standards series
• https://www.icres2019.org/

• Conference on Robotics, AI and Humanity, Science, Ethics and Policy organized 
jointly by the Pontifical Academy of Sciences (PAS) and the Pontifical Academy of 
Social Sciences (PASS)
• http://www.pas.va/content/accademia/en/events/2019/robotics/statementrobotics.html
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https://www.ieee-ras.org/robot-ethics
https://www.icres2019.org/
http://www.pas.va/content/accademia/en/events/2019/robotics/statementrobotics.html


Don’t be evil? 
A survey of the tech sector’s stance on lethal autonomous weapons

• Table ranks companies according to the level of concern regarding their 
potential (unintended) contribution to the development of lethal autonomous 
weapons.
• https://www.paxforpeace.nl/publications/all-publications/dont-be-evil

• Autonomous weapons: Good? Or Bad?
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https://www.paxforpeace.nl/publications/all-publications/dont-be-evil
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DISRUPTIVE AI & ROBOTICS
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Disruptive Innovation

• Disruptive Innovation is an innovation that creates a new market and 

eventually disrupts an existing market, displacing established market-

leading firms, products, and alliances.

• Examples:

• Automobiles (Disrupts Railway, Horse carriage)

• Smartphones -> Compact Digital Cameras ->

Analog (Chemical) Cameras

• Smartphones -> Laptops, Computers, PDAs

• Streaming Videos -> Video Rentals

• Internet -> Mail, Telephone, TV, Books, 

basically everything

• …
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AI & Robotics may change Everything

• AI & Robots will change our daily life:

• At work (if we have work) we will interact with them daily

• Autonomous transportation services (cars/ Didi, Uber) may replace privately owned cars (and 

public transport?)

• In our home they (hopefully) will do work

• Most work may be done by AI & Robots =>

• Great productivity: Products and services may become VERY cheap!

• Unemployment: Many jobs will be lost.

• Option 1: Lost jobs will be replaced by new jobs (e.g. robot engineer, AI programmer)

• Option 2: Most jobs will no be replaced => big unemployment

• Potentially: new (updated) social systems might emerge

• Unconditional basic income?

• Communism 2.0?

• …
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DISCUSSION
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Robots for Elderly care…
• Over 80% of Japanese positive about robotic nursing care

• Respondents who said they are ready to or want to receive nursing care from robots: 84.3%. Of 
the respondents who prefer not to use robotic nursing care, 46.9 percent — the largest group —
said the reason for their choice was that they would prefer to be taken care of by humans.
• https://www.japantimes.co.jp/news/2018/11/15/national/80-japanese-positive-robotic-nursing-care/#.XV-

r_ZMza9Y

• Paper: Granny and the robots: Ethical issues in robot care for the elderly. Issues:
1. the potential reduction in the amount of human contact; 
2. an increase in the feelings of objectification and loss of control; 
3. a loss of privacy
4. a loss of personal liberty; 
5. deception and infantilisation; 
6. the circumstances in which elderly people should be allowed to control robots

• http://staffwww.dcs.shef.ac.uk/people/a.sharkey/sharkey-granny.pdf

40Robotics ShanghaiTech University - SIST - Oct 31, 2019

https://www.japantimes.co.jp/news/2018/11/15/national/80-japanese-positive-robotic-nursing-care/


This August: Ma vs Musk: Tech tycoons spar 
on future of artificial intelligence

Jack Ma believes artificial intelligence poses no threat to humanity, but Elon 
Musk called that “famous last words” as the billionaire tech tycoons faced off on 

Aug 29 in an occasionally animated debate on futurism in Shanghai.
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https://www.thehindubusinessline.com/info-tech/ma-vs-musk-tech-
tycoons-spar-on-future-of-artificial-intelligence/article29291335.ece
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