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Question 1 (20 points)
(a) Find the inverse of the homogeneous transformation matrix. (EARFFEAILE T)

(b) For a rotation matrix R, find w and 0. CEARFEFEAILAT T)

Question 2 (30 points)

Figure 1 shows a two degree of freedom manipulator. Let lo, /i, />, & be the link length
parameters and 61, 6, the joint angle variables of link 1 and link 2, respectively.

(a) Express the position and orientation of frame Cs relative to frame Cp in terms of the joint
angle variables and the link parameters.

(b) Compute the spatial velocity of Cs relative to Cop as functions of the joint angles and the joint
rates.

(c) Compute the body velocity of Cs; relative to Co as functions of the joint angles and the joint

rates.

Fig.1. A two degree of freedom manipulator

Question 3 (30 points)

Figure 2 shows a five degree of freedom manipulator. Let a1, a2, a3, as, di be the link length

parameters and 61, 6>, 63, 64, 65 the joint angle variables of joint 1 through 5, respectively.
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Fig.2. A five degree of freedom manipulator
(a) Find the forward kinematics map.
(b) Given the tip location and approach vector(the z-axis of tool frame), solve the inverse
kinematics problem.
(c) Derive the spatial Jacobian.

(d) Give a geometric description of the singular configurations.

Question 4 (20 points)

Calculate 6,,, 6,,, t1, t2, and t3 for a two-segment linear function with parabolic blends (LFPB).

For this joint, 8; = 5.0°, 62 = 10.0°, 85 = 20.0°. Assume that tqi2 = td23 = 1.0 seconds and that the
default acceleration to use during blends is 80 degrees/second. Sketch plots of position, velocity,

and acceleration of 0.
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