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SCE594: Special Topics in Intelligent Automation & Robotics 

Homework 4 

Question 1: 

a) Let Rot(𝑛̂, 𝜃) ≔  𝑒𝑛̃𝜃 ∈ 𝑆𝑂(3), where 𝑛̃ ≔ 𝑆(𝑛̂) ∈ 𝑠𝑜(3) and 𝑛̂ ∈ 𝕊2 is a unit vector. 

Show using Rodrigues’ formula that rotation operations about the coordinate-frame 

axes  𝑥 ∶= (1,0,0), 𝑦̂ ∶= (1,0,0), 𝑧̂ ∶= (1,0,0) are given by 

 

 
b) Show using Rodrigues’ formula that the rotation operation for a general  

 𝜔̂ = (𝜔̂1, 𝜔̂2, 𝜔̂3) ∈ 𝕊2 is given by 

 

 
Tip: You can write a MATLAB script that computes for you symbolically. 
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Question 2: 

Consider the following properties for 𝒱̃ ∈ 𝑠𝑒(3)   and 𝐻 ∈ 𝑆𝐸(3) 

• 𝑒𝐻𝑖
𝑘  𝒱̃∗

𝑖,∘ 𝐻𝑘
𝑖

= 𝐻𝑖
𝑘 𝑒𝒱̃∗

𝑖,∘
𝐻𝑘

𝑖 ,  

• 𝐻𝑖
𝑘  𝒱̃∗

𝑖,∘ 𝐻𝑘
𝑖 = 𝒱̃∗

𝑘,∘  

• 𝐻𝑛
0 = 𝐻1

0𝐻2
1 … 𝐻𝑛

𝑛−1 

• 𝐻𝑖
𝑖−1(𝜃𝑖) =  𝑒𝒮̃𝑖

𝑖−1,𝑖−1𝜃𝑖𝐻𝑖
𝑖−1(0) 

Using these properties, show that  

𝐻1
0(𝜃1)𝐻2

1(𝜃2)𝐻3
2(𝜃3) =  𝑒𝒮̃1

0,0𝜃1𝑒𝒮̃2
0,1𝜃2𝑒𝒮̃3

0,2𝜃3𝐻3
0(0) 
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Question 3: 

Consider the following properties for 𝒱̃ ∈ 𝑠𝑒(3) and 𝐻 ∈ 𝑆𝐸(3) 

• 𝐻𝑛
0 = 𝐻1

0𝐻2
1 … 𝐻𝑛

𝑛−1,   

• (𝐴𝐵)−1 = 𝐵−1𝐴−1,   ∀ 𝐴, 𝐵 ∈ ℝ𝑛×𝑛 

• (𝐻𝑖
𝑘)

−1
= 𝐻𝑘

𝑖  

• 𝒱̃𝑖
𝑗,𝑗

≔ 𝐻̇𝑖
𝑗
𝐻𝑗

𝑖 

 

Show that  

𝒱̃𝑛
0,0 = 𝒱̃1

0,0 + 𝒱̃2
0,1 + ⋯ + 𝒱̃𝑛

0,𝑛−1 

and explain why it follows that 

𝒱𝑛
0,0 = 𝒱1

0,0 + 𝒱2
0,1 + ⋯ + 𝒱𝑛

0,𝑛−1
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Question 4: 

Solve examples 4.3 and 4.6 (6R spatial open chain), 4,4 (RRPRRR spatial open chain), 4.5 

(UR5 6R robot arm) in Lynch and Park Chapter 4.  
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Question 5: 

For the 3R planar robot arm shown below:  

a) expand the 3 equations corresponding to  

𝒱𝑖
𝑖,𝑠 =  Ad

𝐻𝑖−1
𝑖 𝒱𝑖−1

𝑖−1,𝑠 + 𝑆𝑖
𝑖,𝑖−1𝑞̇𝑖 

b) Solve the 3 equations recursively such that you can write the right hand side as some 

function of the form 

𝒱1
1,𝑠 = 𝑓1(𝑞) 𝑞̇,  

𝒱2
2,𝑠 = 𝑓2(𝑞) 𝑞̇,  

𝒱3
3,𝑠 = 𝑓3(𝑞) 𝑞̇ 

 

with 𝑞 ≔ (

𝑞1

𝑞2

𝑞3

). 

c) Then show you get the same result by using the compact formula 𝒱 = ℒ(𝑞)𝒮 𝑞̇ defined 

in Lect. 15 slides 37 and 42. 
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