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Discuss the key featur€s that distinguish intelligent robots liom normal robots.
(l marks)

Tbe robots can be classified according to the q?es of taslq control, configuration anc
mobility. Illustrate and explain the dilT€r€nt classes robots based on ty,pe of
confi guration classification including its workspace.

(8 marks)
(i) List three (3) applications ofrobotic systems.

(ii) For each application discuss which type ofthe manipulator that would be best

suited and least suited.
(iii) Justiry your choices in each oase.

(6 marks)

Construct a block diagram ofa closed loop control system of robot completed witl-
labels and briefly define each part. The block diagram should indicate the block of
kinematics, dynamics, trajectory, confiol system and sensor.

(3 marks)

(a) with the help ofa block diagram, compare the usage of fonvard kinematic and

invers€ kinematic in rclation to robotic manipulatoB.
(2 marks)

With the help of app.opriate figure, explain three (3) reasons why the inverse

kinematic problem for robotic system is one ofthe mostdifficultto solve.
(3 marks)

(c) Figure Q2(c) shows a spherical arm with two rotaryjoints and a prismaticjoint. By
applying a Denavit-Hartenberg algorithm and the transfo.mation matdx, solve the

forward kinematic solutions of the robot manipulator to determine the position and

orientation ofthe robot hand relative to the robot base frame.
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Q3 Figure Q3 shows a cylindrical arm with two prismaticjoints and a rotaryjoint. The seven

t.igonometric equations and their solutions are given in Table Q3. The forward kinematic
solution is given as below.

(a) Obtain the inverse position ofthe cylindrical arm fiom this forward kinematic, 110'.
( l8 marks)

(b) Explain which is the conect angle and distance-
(2 marks)
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Q4 (a) (i) List two (2) main reasons to use the dynamics equations
(ii) With the help ofa block diagram, distinguish the difference betwe€n forward and

inverse dynamics.
(3 marks)

Figure Q4{b) shows a d-r robot manipulator with a rEvolute joint and a prismatic joint.

Consider the point masses, mt and m2 at the disJal end of links. Evaluate the

differential equations of motion of the 0 r manipulator by applying the Lagrange

ilnction as follows:
L= K(q,Q)- P(q)

AL

rK(4,4) is the total kinetic energy

P(4) is the total potential €nergy store in the system

rr is the extehal torque/force
(17 marks)

(b)
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(a) Consider a singlelink robot manipulator with a rotary joidl Design irs trajectory with
following two cubic s€gments. The first segment oonnects the inilial angular position

0(0):10" to the via poinr 0(l)=5o, and the second s€gment connects the via point e(l)=5" to

the final angular position 0(2)=50". The designed tmjectory should have zero initial
velocity and zerc final velocity. Also, at the via point e(1F5", the trajectory should have

continous velocity and accelemtion.
( l6 marks)

(b) Explain why in some situations to design the trajectory it is necessary to sp€ciry the via

pornts.

(2 marks)

(c) Disscuss why that LSPB (Linear segment with two parabolic blends) trajectory is much

better in term of velocity and acc€leration trajectory compar€d to normal trajectory.
(2 marks)

. EI\ID OF QUESTION -
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