
　
Robotics I Exam (for undergraduates) and Robotics Mid-Exam (for graduates)　 11/26/2019 (4th)

(1) Original orientation of a hand is given in Fig.1 (A). After some rotations, we have an another
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orientation of the hand shown in Fig.1 (B).

(1-1) Find the rotation matrix 0R which represents the orientation of the hand in Fig.1 (B).

(1-2) Find Euler parameters (ϕ, θ, ψ) which rotate the hand in Fig.1 (A) to the hand in Fig.1 (B).

(2) In Fig.2, we have a horizontal planer (X-Y) 3-DOF robotic arm, where q1, q2, q3 are joint variables.

(2-1) Describe the point p = [x, y, θ]T (hand part of the arm) as a function of q1, q2, q3.

(2-2) Show the velocity ṗ of the point p using Jacobian matrix J(q). Show also each element of the

J(q).

(2-3) When a force and moment vector m = [fx, fy, n]
T is added at point p, calculate the holding

torque τ = [τ1, τ2, τ3]
T for each joint q1, q2, q3. Note that the τ3 is joint force not torque actually.
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joint symbol representation

(3) Answer the following questions on Fig. 3.

(3-1) Show the geometrical relationship of the coordinate frame Σ0, Σ1, Σ2, and Σ3 including the

points A ∼ D. Follow the recommendations Z0 ≡ Z1, X0 ≡ X1, X3 ≡ X2.

(3-2) Find the Denaviet-Hartenberg parameters for the robot. Note that the figure is drawn for the

case of q1 = q2 = q3 = 0 case.

(3-3) How do you represents the hand point 0pH in Σ0 using homogeneous transformation matrix
0T3. Where you do not need to show the actual elements of 0T3.
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