CS592 Introduction to Robot Motion

Course Description

Autonomous robots will soon play a significant role in various domains, such as search-and-
rescue, agriculture farms, homes, offices, transportation, and medical surgery, where fast, safe,
and optimal response to different situations will be critical. However, to do so, these robots need
fast algorithms to plan their motion sequences in real-time with limited perception and battery life.
The field of motion planning and control addresses this challenge of coordinating robot motions
and enabling them to interact with their environments for performing various challenging tasks
under constraints. This class aims to introduce state-of-the-art methods in solving robot motion
planning problems that emerged from the cross-fertilization of two long-lasted machine learning
and motion planning fields.

The first part of this course focuses on the classical techniques in motion planning, i.e., RRT,
RRT*, and their variants. The second part focuses on the modern approaches that bring together
motion planning and machine learning. This course will cover basics in robot motion planning
such as robot configuration space, collision avoidance, and it will evolve towards modern machine
learning-based planning algorithms.

The syllabus is subject to change and modifications will be announced appropriately.

Time & Location:
TTH 3:00-4:15 pm, in LWSN B134

Prerequisites:
Students are expected to have background in Algorithm Analysis (Equivalent to CS381) and a
strong programming background.

Administrative Information
Instructor: Ahmed Qureshi; qureshi7@purdue.edu
Teaching Assistant: TBD

Textbooks
There is no textbook for this course due to the emphasis on current techniques. Some helpful
background references include:

e Principles of Robot Motion (Theory, Algorithms, and Implementations) by Howie
Choset, Kevin M. Lynch, Seth Hutchinson, George A. Kantor, Wolfram Burgard, Lydia E.
Kavraki and Sebastian Thrun.

Planning Algorithms by LaValle, Steven M. Cambridge university press, 2006.
Deep learning by Goodfellow, lan, Yoshua Bengio, and Aaron Courville. MIT press, 2016.


https://mitpress.mit.edu/contributors/howie-choset
https://mitpress.mit.edu/contributors/howie-choset
https://mitpress.mit.edu/contributors/kevin-m-lynch
https://mitpress.mit.edu/contributors/seth-hutchinson
https://mitpress.mit.edu/contributors/george-kantor
https://mitpress.mit.edu/contributors/wolfram-burgard
https://mitpress.mit.edu/contributors/lydia-e-kavraki
https://mitpress.mit.edu/contributors/lydia-e-kavraki
https://mitpress.mit.edu/contributors/sebastian-thrun

Grading

There are no midterm and final exams.

- Class participation & in-class discussion: 15%
- Paper reading and summary: 30%

- Paper presentation: 30%

- Final survey report: 25%

Paper Presentation: For each class, a student will lead the discussion by preparing:

1) a two-page summary per paper which will be electronically available to other students
before class.

2) A 30-40 min presentation covering background on the topic and the main content of the
assigned paper(s).

Depending on the number of students enrolled in the course, each student will present multiple
times over the course of the semester.

Paper summary: It will be a 2-page, single column summary per paper.

Early Submission Deadline: Monday or Wednesday, i.e., a day before class, at 11:59:00 PM
Late Submission Deadline: Tuesday or Thursday, i.e., same day before class, at 10:00:00 AM
with 10% penalty.

Survey report: Each student will submit a final survey report using IEEE Latex template. Deadline:
December 16, 2021, 11:59 pm (EST)
Papers List
The paper list is preliminary and subject to change.
Lecture 1 (8/24): Intro to Robot Motion Planning (Lecture by the Instructor)
Lecture 2 (8/26): Sampling-based Motion Planners
e Rapidly exploring random trees: A new tool for path planning [pdf]

e RRT-connect: An efficient approach to single-query path planning [pdf]

Lecture 3 (8/31): Sampling-based Motion Planners
e Probabilistic Roadmaps for Path Planning in High Dimensional Configuration Spaces [pdf]

Lecture 4 (9/2): Optimal Sampling-based Motion Planning
. Incremental sampling-based algorithms for optimal motion planning [pdf]

Lecture 5 (9/7): Limitations of Sampling-based Methods, Advance Techniques


https://www.cs.csustan.edu/~xliang/Courses/CS4710-21S/Papers/06%20RRT.pdf
https://ieeexplore.ieee.org/abstract/document/844730/?casa_token=q_jgKMeIgJAAAAAA:FvBe9o4hEI5PEMTLT_oXN4Y46J82vMVfey2GeYz0V1sIteGVuUt98b84cPs9SRRPgy_yQqaE3Q
https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=844730&casa_token=DpepgAiYYDQAAAAA:kVGeETM8IL_Z2kXcmzSO6Fek_W6yPoO4WAcSuN6tpAEhQh9MZJ0SIcHOkgLOAVHMK1ZiOYnigQ&tag=1
http://www.kavrakilab.org/publications/kavraki-svestka1996probabilistic-roadmaps-for.pdf
https://arxiv.org/pdf/1005.0416.pdf

e Informed RRT*: Optimal sampling-based path planning focused via direct
sampling of an admissible ellipsoidal heuristic [pdf]

Lecture 6 (9/9): Limitations of Sampling-based Methods, Advance Techniques
e Fast marching tree: A fast marching sampling-based method for optimal
motion planning in many dimensions [pdf]

Lecture 7 (9/14): Limitations of Sampling-based Methods, Advance Techniques
¢ Intelligent bidirectional rapidly-exploring random trees for optimal motion
planning in complex cluttered environments [pdf]

Lecture 8 (9/16): Introduction to Deep Learning (Lecture by the Instructor)

Lecture 9 (9/21): Learning-based Motion Planning
® A robot path planning framework that learns from experience [pdf]

Lecture 10 (9/23): Learning-based Motion Planning
e LEGO: Leveraging Experience in Roadmap Generation for Sampling-Based Planning

[pdf]

Lecture 11 (9/28): Learning-based Motion Planning
e |earning sampling distributions for robot motion planning [pdf]

Lecture 12 (9/30): Learning-based Motion Planning
e Data-driven planning via imitation learning [pdf]

Lecture 13 (10/5): Learning-based Motion Planning
e Motion planning networks: Bridging the gap between learning-based and
classical motion planners [pdf]

Lecture 14 (10/7): Learning-based Motion Planning
« Learning Obstacle Representations for Neural Motion Planning [pdf]

10/12: Break

Lecture 15 (10/14): Learning-based Motion Planning
e Task-relevant Representation Learning for Networked Robotic Perception

[df]

Lecture 16 (10/19): Learning-based Motion Planning
e Robot motion planning in learned latent spaces [pdf]


https://ieeexplore.ieee.org/abstract/document/6942976/?casa_token=U_YWaPrhvjgAAAAA:KiMDcxDp4GQEAWuRZIqwK-oU8AOjkd5-n0mRucthejZEyC2rZjOs-8vlthdIwOIwzoxSVsDGkw
https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=6942976&casa_token=lhEa651P-oYAAAAA:E2luyQfznAKBl11jfa2-neBfhSzfufjquNcJeDjpMauw8nZa5le929AfFTrunn43JKk9G5Duew&tag=1
https://journals.sagepub.com/doi/abs/10.1177/0278364915577958?casa_token=0snHZjX9LwwAAAAA:PzL1Kh1I4J66-dhPrMj8TA1kKsi4pvFpd2D4XYxj4SPJVrq4cd4mwmI19afYYsVc3xGPbw53XxWl
https://journals.sagepub.com/doi/abs/10.1177/0278364915577958?casa_token=0snHZjX9LwwAAAAA:PzL1Kh1I4J66-dhPrMj8TA1kKsi4pvFpd2D4XYxj4SPJVrq4cd4mwmI19afYYsVc3xGPbw53XxWl
https://journals.sagepub.com/doi/pdf/10.1177/0278364915577958?casa_token=uyotA1wjpCMAAAAA%3AE2Blxd3dhjzkS_HbzQvhOdCoSMrPEYtg4zy2dPjiO1GbuDGaey6QY64ux_QvWvwcDaN9Brc_7i96&
https://arxiv.org/pdf/1703.08944.pdf
https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=6224742&casa_token=_UV4gnH2JNUAAAAA:23sJPqbuX7ha23GA7TFQ0fyMQER6rEkfzii9evERkKDxL8NRsKRmgjzeMgL3Em6cJahwU9wO7g
http://www.sanjibanchoudhury.com/publications/docs/conferences/kumar_iros2019.pdf
https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=8460730&casa_token=cjiqzvKDDrQAAAAA:QrDN4a5fk9S8tOsfshqgBkitF_mjnh-t7JQ1G429DdSRhjAQFiZ3Zot6e33CmdLpKHft_zJNNQ&tag=1
https://journals.sagepub.com/doi/pdf/10.1177/0278364918781001
https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=9154607&casa_token=a4t_myiOLGgAAAAA:U7XEoYE9dWnSOKk1lyreaziYt-C3ns4NB_-HdBlmoVJuY79O0b0Tlco9GA5YaaFY0EV5KPsK7w
https://arxiv.org/pdf/2008.11174.pdf
https://arxiv.org/pdf/2011.03216.pdf
https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=8653875

Lecture 17 (10/21): Learning-based Motion Planning
e Cost-to-Go Function Generating Networks for High Dimensional Motion

Planning [pdf]

Lecture 18 (10/26): Learning-based Motion Planning
® Motion Planning Transformers: One Model to Plan Them All [pdf]

Lecture 19 (10/28): Learning-based Motion Planning

® Deep visual reasoning: Learning to predict action sequences for task and
motion planning from an initial scene image [pdf]

Lecture 20 (11/2): Learning-based Motion Planning
e Harnessing reinforcement learning for neural motion planning [pdf]

Lecture 21 (11/4): Advance Classical Planning
e Eb-rrt: Optimal motion planning for mobile robots [pdf]

Lecture 20 (11/2): Learning-based Motion Planning

e RL-RRT: Kinodynamic motion planning via learning reachability estimators
from RL policies [pdf]

Lecture 22 (11/9):Learning-based Motion Planning
® |ong-range indoor navigation with prm-rl [pdf]

Lecture 23 (11/11): Learning-based Motion Planning:
e Path Planning for Manipulation Using Experience-Driven Random Tree [pdf]

Lecture 24 (11/16): Learning-based Motion Planning
e Learning latent dynamics for planning from pixels [pdf]

Lecture 25 (11/18): Learning-based Motion Planning

e MPC-MPNet: Model-Predictive Motion Planning Networks for Fast, Near-
Optimal Planning under Kinodynamic Constraints [pdf]

Lecture 26 (11/23): Learning-based Motion Planning
e Path planning with local motion estimations [pdf]


https://arxiv.org/pdf/2012.06023.pdf
https://arxiv.org/abs/2106.02791
https://arxiv.org/pdf/2006.05398.pdf
https://arxiv.org/pdf/1906.00214.pdf
https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=9082624&casa_token=fkOjD_C_F5oAAAAA:1vBSPRzLy26zxEyp0Mf6j6cdlI4CmdOiWCAemBTUQSDUifHo6yVfeQGxVS4cnfsMXtnkypdCNw&tag=1
https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=8772207
https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=9068484
http://www.kavrakilab.org/publications/pairet2021-path-planning-for-manipulation.pdf
http://proceedings.mlr.press/v97/hafner19a/hafner19a.pdf
https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=9384209&casa_token=aTw5LaQubWMAAAAA:ADfyaVfV0VViX85ycYoWwiaVFdCKjbwcFU1_xBjdv0w2h3Qh6u-SF3NX4CVibzMPoGjSnJxcfA&tag=1
https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=8988152

Lecture 27 (11/30): Learning-based Motion Planning
e Learning When to Trust a Dynamics Model for Planning in Reduced State

Spaces [pdf]

Lecture 28 (12/2): Learning-based Motion Planning
e Sampling-based methods for motion planning with constraints [pdf]

Lecture 29 (12/7): Learning-based Motion Planning
e Constrained motion planning networks X [pdf]

Lecture 30 (12/9): Learning-based Motion Planning
e The Blindfolded Robot: A Bayesian Approach to Planning with Contact Feedback [pdf]


https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=8988145&casa_token=049wQ5_BG7oAAAAA:N6uwHv-smCFUQXZA6uvb5hVn2nYtnw1_8_d1f1ZFt9Oxr5gwwwkwC2DLeNY3s-GpB9g0p-9BsA
https://www.annualreviews.org/doi/pdf/10.1146/annurev-control-060117-105226
https://arxiv.org/pdf/2010.08707.pdf
http://www.sanjibanchoudhury.com/publications/docs/conferences/saund_isrr2019.pdf

