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Q1 (a) With the block diagrams, compare the usage of forward kinematics and inverse
kinematics in relation to robotic manipulators.

(4 marks)

(b)  Differentiate the usage of major axes and minor axes with regards to kinematics study.
(4 marks)

(c¢) Discuss THREE (3) type of the sensor and the applications of sensors in the robotic
systems.

(7 marks)

(d)  Discuss the reasons why the inverse kinematic problem for robotic system is one of
the most difficult to be solved.

(5 marks)

Q2  Figure Q2 shows a three-link articulated robot arm with three revolute joints. The seven
trigonometric equations and their solutions are given in Table Q2. The forward kinematic

solution is given as below. Analyze the inverse position of the ariculated arm from this
forward kinematic, Hy.
CCy ~CSy S GleG+/Cy)
SICB - Snszs - q S](eCz +fCB)

H; = HyH{H, =
TS, Gy 0 €S, +fSy+d

0 0 0 1
(20 marks)
Q3 (a) Explain the Jacobian matrix with its application.
(2 marks)
(b)  Discuss about the problem of singularity. (3 marks)
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(¢)  Figure Q3(c) shows a spherical wrist with three rotary joints, where the joint Z,, Zg

and Zg at one point. By applying the transformation matrix and arm parameters as in
Table Q3(c), solve the following Jacobian matrix.

Transformation matrix
(€0 -CaSO  SasO aCo]
Hi, _|%8 CaC -SaCo, ash
0 Sa Ca d

i i i

0 0 0 1

Jacobian matrix

L1l A & o -
¥ e 4
) g, g, oq, |
JIle & & |%
e & o |n
(oy % o, g, %5
- _’hRg(mﬂ) ’72R;(3cal) '734R32(3m,)_ L de
(15 marks)
Q4 (a) List TWO (2) main reasons to use the dynamics equations.
(2 marks)

(b) Figure Q4(b) shows a two-link robot manipulator. The link lengths are /, and /, and
the link masses are m; and m, respectively. Evaluate the differential equations of
motion of the 6—r manipulator by applying the Lagrange function as follows:

L=K(q.9)-P(q)

fen) o

——m - = :TI
dit{ 0q, 0q,

where

K(q,q) is the total kinetic energy
P(q) is the total potential energy store in the system

7, is the external torque/force
(18 marks)
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Consider a single- link robot manipulator with a rotary joint as shown in Figure Q5. The
deferential equation of the above single link robot manipulator given by

Il . Bl 5 mgl . Bm
(Im +n—2')9m+ (Bm +?)9 +'—‘—'n Sln(—r-l'*) =

(a) Linearized the differential equation with some assumptions (5 marks)

(b) Based on linearized equation transform to the Laplace equation to formulate the transfer
function of (6, (s))/(U(s)). (4 marks)

(¢c) Draw a block diagram and label of the complete system with PI controller.
(Hint: The transfer function of a PI controller G(s) = Kp + K;/s ) (5 marks)

(d) Obtain the transfer function PI controller with stable values of Kp and K;
(Hint : Characteristic Equation, 1+G(s)H(s)=0). (6 marks)

- END OF QUESTION -
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FIGURE OQ3(c)
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¥,

FIGURE Q4(b)

The gear system
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TABLE Q2
Equation(s) Solution(s)
(a) sinb=a 8= Atan2 (a, + I-az)
() cos®=b 6 = Atanz{.t\/l-b’, b)
™8 =a 8=Atan?2 (a, b)
cos® = b a ’
(d)y acos® — bsin® = 0 8" = Atan2(a, b
8% = Atan? (-a,-b) == + 8"

() acos® + bsin® = ¢

% = AmZ{a Ja+ b-¢ }

~At2 (a. b)
@ ---,»ﬁmec, —Ja’+ b’-—c’)
~Atm? (a, b)

acos© — bsinB = ¢
asin® + bcost = d

6=Atan2 (ad-bc. ac+bd)

simasinff = a
(@ (cxasing = b
wsf =c

(@ = Awm2(a, b)

18 r-ARmZ(Ja’ + ¥

[ o= Atm2(-a, -b) =7 +a"

| A% = a2 (N + 7. ¢

X /
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TABLE Q3(c
Lmk 91 ai at di
4 f, 0 {90 | 0
5 f, 0 {90 | O
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