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SCE594: Special Topics in Intelligent Automation & Robotics

Assignment 3

Instructions:

This is a graded assignment of 5%.

You can do the assignment either individually or in a group of 2.

You can write on the pdf directly with a tablet & electronic pen or print the pdf and
answer with an ink-pen.

Good handwriting and neatness makes your work easier to read and understand and is
highly recommended.

Upload your solution as a single pdf file on Blackboard by 5:00pm Tuesday 24
February 2026.

If you do the assignment in a group of two, both members should upload the pdf file.
Plagiarism will not tolerated at all.

The use of LLM Apps (e.g. ChatGPT) is allowed if you use it as an assistant to get hints
or help you in intermediate steps you are unable to solve.

Itis very likely the assignment can be fully solved by Al if you use the correct tool.

However, be aware that you are sabotaging your own intellect by doing so.

Student 1 Name:

Student 1 ID:

Student 2 Name:

Student 2 ID:
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Question 1:
Prove the following identity

d
. (AdHik) = Adyp adyix (1)

N

with ady = (% 0?;773) e RS for v =(*) e R
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Question 2:
The momentum balance equation for the generalized momentum of a rigid body with body fixed
frame {b} expressed in a stationary frame {s} is given by

i s,by — s,b
~(Phy =w (2)

where WP € (R®)* denotes the applied wrench to the body expressed in {s}.

a)

d)

Using Eq. (1) and the identity
advim,j = AdH,T advik'jAdHrlﬁ

to show that Eq. (2) is equivalent to

4 (PP?) = adjy PP+ WP (3)

Show that Eq. (3) can be rewritten as
d rpbb) _ b,b\19b.s b,b
" (pPP) = g(PPP)V,)° + W (4)

where J(PPP) € R®*¢ is the skew-symmetric matrix

P, P P,
Py=("® " )forp=(2)e (RE)".
JP) ( 3) orP = (%) e R

Pv 3%

If {b} is chosen to be placed at the body’s center of mass, one has that P?? = T2bpPs

can be written as
b,b b,b, . bs
- bb | bs |-
P, muv,

Show that in this case, we can rewrite Eq. (3) as

. b, b, b,
JPPapt = —w) A(JPPw,®) + b (5)
mvp® = —mwp® AvyS + fb’b (6)

b,b
where Wb = (]ch,b>-

Using the relation between vf,"s and &5, show that Eq. (6) is equivalent to

. 1 bb
S=_RS g
$p - vf
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Question 3:

Let H;,H, € SE(3), and let Ad,;: R® - R® denote the matrix representation of the Adjoint map of
SE(3) then prove the following identities:

a) AdHl.Ade.Vz AdHlHZ' V, VVER6
b) (Ady)~1= Adj-:




