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Robot Motion Planning and Applications

- Focus on learning based approaches
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(윤성의)

Course URL:
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Scalable Spatial and Embodied Intelligence Lab
Scalable Graphics, Vision and Robotics
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About the Instructor
● Main research theme

● Work on various problems related to motion 
planning, computer graphics, recognition, etc.

● Paper and video: 
http://sgvr.kaist.ac.kr/papers.htm

● YouTube videos: 
http://www.youtube.com/user/sglabkaist

http://sgvr.kaist.ac.kr/papers.htm
http://www.youtube.com/user/sglabkaist
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Past Research Theme: Intelligent Ray 
Tracing, Image Search, Motion Planning

● Designing intelligent and scalable 
techniques to efficiently handle massive 
models on commodity hardware or clouds

Image 
search

Photo-realistic 
rendering

Motion 
planning



Present: Agentic and Physical AI
● Designing scalable agentic and physical AI 

systems that operate efficiently in complex, 
real-world environments
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Recognitions and Collaborations
● ACM Distinguished Member since 2025
● Test-of-Time Award 2006 at 2015, High 

Performance Graphics
● Won ICCV Grounded Video 

Q&A Challenge (Google DeepMind), 25
● Outstanding Award at ICRA 2023, 2022 (Finalist)
● Next-generation scientist award, KSA, 2019, 차세대
과학자상(IT부문), 2019 한림원, S-OIL

● Worked on research collaborations with many 
domestic and international 
companies, and funding 
agencies
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Welcome to CS586

Instructor: Sung-eui Yoon
Email:  sungeui@gmail.com
Office:  3432 at CS building

Class time: 10:30am – 11:45pm on MW
Office hours: Right after class
Course webpage: 

http://sgvr.kaist.ac.kr/~sungeui/MPA

http://sgvr.kaist.ac.kr/%7Esungeui/MPA
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TA

ChanMi Lee
- Ph.D. student working on

robot planning and robustness
- E3-1, 3446

JaeMin Kim
- MS student working on VLA
- E3-1, 3446

Use KLMS board for communication
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Real World Robots

Courtesy of Prof. Dinesh Manocha

Sony Aibo

ASIMO

Da Vinci

http://www.irobotstore.com/CGI-BIN/%20';HandleEventSelectItem('IRBPWSTR','IRSTR08','JP0001
http://www.sonystyle.com/is-bin/INTERSHOP.enfinity/eCS/Store/en/-/USD/SY_DisplayProductInformation-Start;sid=5tRFXZRDy_JF1Nej5E9PVttTC30NTSdgPpY=?ProductSKU=ERS7M3/T&Dept=computers&CategoryName=aibo_AIBOs_7/WSeries


9

Motion of Real Robots
● DRC final winner at 2016

● Dynamic humanoid locomotion, IROS 21

Humanoid Robot: 
https://www.youtube.com/watch?v=BGOUSvaQcBs

https://sgvr.kaist.ac.kr/~yskwon/papers/iros21-dynamic-locomotion/
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Unitree
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Tesla, Full Self-Driving (FSD)
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Motion of Real Robots

da Vinci robot
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Redundant Manipulator
● Fetch robot
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Motion of Virtual Worlds
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Motion of Virtual Worlds

Computer generated simulations: 
http://www.youtube.com/watch?v=5-UQmVjFdqs

http://www.youtube.com/watch?v=5-UQmVjFdqs
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Motion of Virtual Worlds

Computer generated simulations, games, virtual prototyping:
http://www.massivesoftware.com/

http://www.massivesoftware.com/
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Smart Robots and Embodied 
Agents
● Embodied agents that perceive, plan, act, 

and learn in dynamic environments
● Generate safe motions while reasoning 

about constraints, uncertainty, and 
interaction

● Combine model-based planning with 
learning for adaptation and failure recovery

● Applications:
● Autonomous vehicles and mobile robots
● Manipulation, manufacturing, and logistics
● Humanoid and assistive robots
● Medical and surgical robotics
● Digital humans and embodied AI
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Goal of Motion Planning
● Generate feasible and efficient motions
● Integrate learning, planning, and control
● Adapt and recover under uncertainty
● Achieve long-horizon goals

Plan, execute, and replan in the real world.
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Examples with Rigid Object

 Ladder problem

Piano-mover problem 
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Is It Easy?
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Example with Articulated Object
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Some Extensions of Basic 
Problem
● Multiple robots
● Assembly planning
● Acquire information by 

sensing
● Model building
● Object finding/tracking
● Inspection

● Nonholonomic 
constraints

● Dynamic constraints
● Stability constraints

● Optimal planning
● Uncertainty in model, 

control and sensing
● Exploiting task 

mechanics (sensorless 
motions, under-
actualted systems)

● Physical models and 
deformable objects

● Integration of planning 
and control

● Integration with 
higher-level planning
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Examples of Applications
● Manufacturing:

● Robot programming
● Robot placement
● Design of part feeders

● Design for 
manufacturing and 
servicing

● Design of pipe layouts 
and cable harnesses

● Autonomous mobile 
robots planetary 
exploration, 
surveillance, military 
scouting

● Graphic animation of 
“digital actors” for 
video games, movies, 
and webpages

● Virtual walkthrough
● Medical surgery 

planning
● Generation of plausible 

molecule motions, e.g., 
docking and folding 
motions

● Building code 
verification



Assembly Planning and Design of 
Manufacturing Systems



Application: Checking Building Code



Cable Harness/ Pipe design



Digital Actors

A Bug’s Life (Pixar/Disney) Toy Story (Pixar/Disney)

Tomb Raider 3 (Eidos Interactive) Final Fantasy VIII (SquareOne)The Legend of Zelda (Nintendo)

Antz (Dreamworks)



Application: Computer-Assisted Surgical Planning



Study of  the Motion of Bio-Molecules

• Protein folding
• Ligand binding
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Warehouse Robots

Coupang
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Home Robotics Applications



The UNIVERSITY of NORTH CAROLINA at CHAPEL HILL 

DARPA Grand Challenge, 2005

Planning for a collision-free 132 mile path
 in a desert
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DARPA Robotics Challenges, 
2016
● Focus on disaster or emergency-response 

scenarios

From wiki
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2021: Subterranean Challenge
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Current Frontiers
● Recent progress

● High-speed off-road autonomy, heterogeneous 
robot teams, and autonomous search and 
rescue

● Current frontier
● Learning-integrated planning for long-horizon 

autonomy, adaptation, and failure recovery
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Prerequisites
● Programing skills
● Basic understanding of geometric concepts 

and deep learning
● Some prior exposure to robotics 

problems/applications/HWs
● If you did not take any prior course related 

to robotics, this course may be 
inappropriate for you
● If you are not sure, please consult the 

instructor at the end of the course
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Topics: about high-level motion 
planning, not control of real robots!

● Foundations: configuration space, collision detection
● Classical planning: search, sampling, and trajectory 

optimization
● Learning-guided planning: learned heuristics, 

sampling, and cost models
● Differentiable planning and model-based control
● Generative trajectory and world-model planning
● Hierarchical planning with skills, memory, and 

foundation models
● Robust execution: uncertainty, verification, 

replanning, and recovery
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Course Overview
● 1/4 of lectures and 3/4 of student 

presentations
● This is a research-oriented course
● Try to give more talk chances to students as 

flipped learning and problem based learning
● What you will do:

● Choose a topic and papers that are interesting to 
you

● Present those papers (two student talks)
● Propose/implement ideas that can improve the 

state-of-the-art techniques (two project 
presentations)

● Quiz and mid-term and, have fun!
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Course Awards
● Best speaker and best project

● Lunch or dinner for awardees with me and TAs

● A high grade will be given to members of 
the best project
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Course Overview
● Grade policy

● Class presentations: 30%
● Quiz, assignment, and mid-term: 30%
● Final project: 40%
● Instructor (50%) and students (50%) will 

evaluate presentations and projects
● Late policy

● No score; submit your work before the deadline!
● Class attendance rule

● Late two times  count as one absence
● Every two absences lower your grade (e.g., A- 
 B+)



41

Relevant Conferences
● Core Robotics: ICRA, IROS, RSS
● Robot Learning: CoRL
● AI & Machine Learning: NeurIPS, ICML, ICLR
● Planning & Autonomous Systems: AAAI, WAFR

● Recent motion-planning research increasingly spans 
robotics, control, and machine learning.
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Other Reference
● Vision-related conference (CVPR, ICCV)

● http://openaccess.thecvf.com/menu.py
● Graphics-related conference (SIGGRAPH, 

etc.)
● http://kesen.huang.googlepages.com/

● Google or Google scholar

http://openaccess.thecvf.com/menu.py
http://kesen.huang.googlepages.com/
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Honor Code and Classroom 
Etiquette
● Collaboration encouraged, but assignments 

must be your own work
● Cite any other’s work if you use their codes

● Classroom etiquette
● Help you and your peer to focus on the class
● Turn off cell phones
● Arrive to the class on time
● Avoid private conversations
● Be attentive in class
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Schedule
● Please refer the course homepage:

● http://sgvr.kaist.ac.kr/~sungeui/MPA

http://sgvr.kaist.ac.kr/%7Esungeui/MPA


45

Official Language in Class
● English

● I’ll give lectures in English
● I may explain again in Korean if materials are 

unclear to you
● You are no required to use English, but are 

recommended

● To non-native Korean speakers
● Many Korean students prefer to use Korean for 

deeper discussions
● In these cases, we will use Korean, but I will 

summarize main points in English
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My Wish for You
● Follow up lecture materials and do various 

class activities/HWs 

● Hopefully, they will:
● Lead to your next publication, or
● Lead to your next start-up
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Homework
● Browse 2 top-tier conf./journal papers

● Prepare two summaries, and submit it online 
before the Mon. class

● See the submission site at the course 
homepage

● Example of a summary (just a paragraph)
Title: XXX XXXX XXXX
Conf./Journal Name: ICRA, 2023 
Summary: this paper is about accelerating the 
performance of collision detection. To achieve its goal, 
they design a new technique for reordering nodes, since 
by doing so, they can improve the coherence and thus 
improve the overall performance. (한국어도가능)
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Homework
● Read Introduction part
● Go over the next lecture slides
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Next Time…
● Classic motion planning approaches, before 

moving onto learning based approaches
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About You
● Name
● What is your major?

● Previous experience on motion planning 
and robotics

● Credit (registering 
the course) or audit?

https://forms.gle/3GMNPb5cQ
uedowKh8
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