
Introduction: Anatomy of a
Manipulation System

MIT 6.4210/2: Robotic Manipulation
Fall 2025, Lecture 1
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Website: http://manipulation.mit.edu

Course Info

https://manipulation.csail.mit.edu/Fall2025/
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http://manipulation.mit.edu/
https://manipulation.csail.mit.edu/Fall2025/


6.4210 is a CI-M (Communication Intensive in the Major)

Communications Instructors from Comparative Media Studies/Writing
Recitations Fridays afternoons ( 2)starting Sept 1
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https://manipulation.csail.mit.edu/Fall2022/schedule.html


CI-M Enrollment Limit
6.4210 has an enrollment cap.
Fill in the form found on the course home page by
tomorrow (Thu) noon.
If you responded to the previous form we mailed around,
you do not need to re-explain your situation.  Just confirm
you still want to take the course.
If you did not previously respond, then please explain
your situation.
We will contact you with a decision by this Friday. 4



6.4210 vs 6.4212

Mostly same assignments, quiz, project
Higher expectations on 6.4212 projects
6.4212 has an extra assignment

Create a tutorial notebook on some relevant topic
See description on website
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Logistics
Make sure you're on a and Gradescope
CI-M (6.4210) material on .
Review the course guidelines.
Read the 
~ weekly problem sets throughout the class, due Thurs.

 Problem Set 1 released today (on the ).
Midterm quiz on Nov 5 (evening)
Final project:

Group Report
Group Video and
Individual Summary (in-class)

Piazz
Canvas

lecture notes

course calendar
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https://piazza.com/class/lm1wm4iwue34wl
https://canvas.mit.edu/courses/22470
http://manipulation.mit.edu/
http://manipulation.csail.mit.edu/Fall2022/schedule.html


TODO
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https://manipulation.csail.mit.edu/intro.html
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https://manipulation.csail.mit.edu/intro.html


https://people.csail.mit.edu/russt/uploads/yellow_spot.html
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https://people.csail.mit.edu/russt/uploads/yellow_spot.html


Today

What do we mean by "manipulation"? (with examples!)

Anatomy of a manipulation system

Goals for the course
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Matt Mason says

Definition 1 (etymological). Manipulation refers to the
activities performed by hands.
...
Definition 5. Manipulation refers to an agent’s control of its
environment through selective contact.

Matthew T. Mason.  Toward Robotic Manipulation.  Annual Review of Control,

Robotics, and Autonomous Systems, 1:1-28, 2018.

11



https://www.youtube.com/embed/hxsWeVtb-JQ?enablejsapi=1
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https://www.youtube.com/embed/hxsWeVtb-JQ?enablejsapi=1
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https://www.youtube.com/embed/1RbaIo4VdbA? enablejsapi=1&start=112&mute=1
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https://www.youtube.com/embed/1RbaIo4VdbA?enablejsapi=1&start=112&mute=1


Autonomous "Open-world" Manipulation

Definition 5. Manipulation refers to an agent’s control of its
environment through selective contact.

 

Even broader: "Open-world" manipulation requires:
rich perceptual understanding of the environment,
"common-sense" understanding of objects,
the ability to make long-term (task-level) plans, and
combine them with fine (joint-level) motions.
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Motivation

Consider the task of loading
a dishwasher...
 
(from )TRI Robotics
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https://www.tri.global/news/?news=Robotics
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https://s3.amazonaws.com/media-p.slid.es/videos/1350152/u7LSibTY/dump_clutter_in_sink.mp4
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https://s3.amazonaws.com/media-p.slid.es/videos/1350152/7j5m6-9W/good_end_to_end_40x.mp4
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https://s3.amazonaws.com/media-p.slid.es/videos/1350152/BFTpa6JX/dishloading_skills_4up.mp4
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https://s3.amazonaws.com/media-p.slid.es/videos/1350152/TpzT02Cy/plate_pickup.mp4
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https://s3.amazonaws.com/media-p.slid.es/videos/1350152/3hsyfoDq/allegro_plate_pick_60fps_v2.mp4
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https://s3.amazonaws.com/media-p.slid.es/videos/1350152/beB5riEA/siyuan_push_rack.mp4


The world is even more "open" when the
manipulation system goes mobile.
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https://s3.amazonaws.com/media-p.slid.es/videos/1350152/Bmk_L7OK/mmt_2022-06-30-00-43-20_gopro_8x_overlay.mp4


Basic components
Links
Joints (Revolute, Prismatic)
Sensors

Proprioception (position, torque)
Force and/or tactile
Vision: RGB(D), Laser Scan

Actuation
Motors (electric, hydraulic)
Transmission (gear reduction, backlash, friction)
Motor drivers

Position control [most robots] 25



Exploring robot arms
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https://www.infineon.com/cms/en/discoveries/robotics-systems-safety-security/

https://spectrum.ieee.org/robotics/industrial-robots/rethink-robotics-baxter-robot-factory-worker
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Universal Robots Rethink Baxter Kuka iiwa

Kinova Jaco ABB Yumi Franka Panda 28



https://www.youtube.com/embed/dnUwqngH0bM?
start=35&mute=1&enablejsapi=1
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https://www.youtube.com/embed/dnUwqngH0bM?start=35&mute=1&enablejsapi=1


https://www.youtube.com/embed/P-d-yTcxdzw?enablejsapi=1
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https://www.youtube.com/embed/P-d-yTcxdzw?enablejsapi=1


Schunk WSG 50

Force-controlled planar gripper
31



https://www.youtube.com/embed/oyHWkQcin7I?
enablejsapi=1&mute=1

http://personalrobotics.stanford.edu/
32

https://www.youtube.com/embed/oyHWkQcin7I?enablejsapi=1&mute=1


Sandia Hand

iHY (i-Robot, Harvard, Yale)

Robotiq 3-fingered gripper

Allegro Hand

Shadow hand

Hands
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https://s3.amazonaws.com/media-p.slid.es/videos/1350152/l1SP5aXN/motion-types-v2_2x.mp4


Mobile Manipulators
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New mobile manipulators

https://www.youtube.com/embed/I3_GIb7W5UQ?
enablejsapi=1&mute=1

Rainbow RBY1 36

https://www.youtube.com/embed/I3_GIb7W5UQ?enablejsapi=1&mute=1


New humanoids (w/ dexterous hands)

https://www.youtube.com/embed/YHk7Cztk6Lg?
enablejsapi=1&mute=1

Sanctuary AI 37

https://www.youtube.com/embed/YHk7Cztk6Lg?enablejsapi=1&mute=1


New humanoids (w/ dexterous hands)

https://www.youtube.com/embed/0SRVJaOg9Co?
enablejsapi=1&mute=1

Figure 38

https://www.youtube.com/embed/0SRVJaOg9Co?enablejsapi=1&mute=1


This class

Robot arms.

The hardware matters.

We'll often use Kuka iiwa

Robot hands.

We'll often use Schunk WSG

39



The anatomy of a modern
manipulation system
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To be clear: we're not just controlling the arm

state of the robot x state of the environment
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Low-level feedback control
from cameras / sensors
(continuous time/state/action)

Scene-understanding +
Task-level Planning
(discrete/symbolic)
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Robot System Architecture

From Kris Hauser - Robotic Systems (online)
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https://www.youtube.com/embed/0LJb66aYtG8?
start=111&mute=1&enablejsapi=1&controls=0&rel=0&modestbranding=1
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https://www.youtube.com/embed/0LJb66aYtG8?start=111&mute=1&enablejsapi=1&controls=0&rel=0&modestbranding=1


Levine*, Finn*, Darrel, Abbeel, JMLR 2016 

Visuomotor policies

perception network
(often pre-trained)

policy network

other robot sensors

learned state
representation

actions
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Manipulation is much more than "pick and place"! 46

https://s3.amazonaws.com/media-p.slid.es/videos/1350152/PYbiWxUc/dough_sticking_front_view.mp4
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https://s3.amazonaws.com/media-p.slid.es/videos/1350152/yKRHVgUh/dough_antagonism.mp4
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https://s3.amazonaws.com/media-p.slid.es/videos/1350152/2Cqw1fnb/sauce_pour_spread_web.mp4


https://www.youtube.com/embed/HYwekersccY?enablejsapi=1
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https://www.youtube.com/embed/HYwekersccY?enablejsapi=1


But even pick and place is
challenging in the general
case
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Kumar, Silver, McClinton, et al 2024 51

https://s3.amazonaws.com/media-p.slid.es/videos/2750907/djTdVnj7/ball_ring_act_1_-_pres_-_fast.mp4


Kumar, Silver, McClinton, et al 2024 52

https://s3.amazonaws.com/media-p.slid.es/videos/2750907/526Oaj-x/ball_ring_act_2_-_1_-_pres.mp4


Kumar, Silver, McClinton, et al 2024 53

https://s3.amazonaws.com/media-p.slid.es/videos/2750907/Q9SfLZ8g/ball_ring_act_2_-_3_-_pres.mp4


Kumar, Silver, McClinton, et al 2024 54

https://s3.amazonaws.com/media-p.slid.es/videos/2750907/arUb_-bf/ball-ring-act-3-v3-compressed.mp4


Kumar, Silver, McClinton, et al 2024 55

https://s3.amazonaws.com/media-p.slid.es/videos/2750907/BmHrVlfT/ball_ring_act_4_-_pres.mp4


A. Curtis, X. Fang, L. Kaelbling, T. Lozano-Perez, C. Garrett 2022 56

https://s3.amazonaws.com/media-p.slid.es/videos/2750907/4x-x_VN6/m0m_cracker_freeze.mp4


C. Garrett, C. Paxton, T. Lozano-Perez, L. Kaelbling, D. Fox 2020 57

https://s3.amazonaws.com/media-p.slid.es/videos/2750907/geh-4UgN/switch_spam.mp4


https://manipulation.csail.mit.edu/Fall2025/schedule.html
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https://manipulation.csail.mit.edu/Fall2025/schedule.html


What is Drake?

drake.mit.edu
59

https://drake.mit.edu/


Logistics
Make sure you're on a and Gradescope
CI-M (6.4210) material on .
Review the course guidelines.
Read the 
~ weekly problem sets throughout the class, due Thurs.

 Problem Set 1 released today (on the ).
Midterm quiz on Nov 5 (evening)
Final project:

Group Report
Group Video and
Individual Summary (in-class)

Piazz
Canvas

lecture notes

course calendar
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https://piazza.com/class/lm1wm4iwue34wl
https://canvas.mit.edu/courses/22470
http://manipulation.mit.edu/
http://manipulation.csail.mit.edu/Fall2022/schedule.html

