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Q1

(a) What are lifecycle nodes in ROS 2?7 Name the major lifecycle states of
a managed node and write one advantage of lifecycle management in robot

bringup.

(b) In Nav2, how is a NavigateToPose request handled? Briefly explain
the roles of BT Navigator, Planner Server, Controller Server, and Behavior

Server, and state why both global and local costmaps are needed.

CO1

2]

Q2

(a) What are forward kinematics and inverse kinematics for a wheeled robot?

For the unicycle model

L = vcosy, 1 = vsin i, 0

I
£

identify the state variables and control inputs. What type of motion is ob-

tained when w = 07
(b) For a differential-drive robot, describe what happens in the following
casesz (i) vr = vy, (i) v» > v, and (iii) v, = —v;. Also explain the mean-

ing of ICC (Instantaneous Center of Curvature).

CO2

(a) Differentiate localization and mapping. List any three sensors used in

mobile robots for localization or mapping, and write one use of each sensor.
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(b) What is sensor fusion? Why is uncertainty important in localization and (4]
mapping? Write any two outputs of a robot-vision system and mention cne
metric used to evaluate robot vision.

Q4 | (a) What is path planning in robotics? Explain the meanings of g(n), h(n), COo4 (3]
and f(n) = g(n) + h(n) in A* search.
(b) Write the basic steps of the RRT algorithm. Briefly explain the roles of (5]
Pure Pursuit, PID contrgl, and MPC in robot navigation or control.

Q5 | (a) What is Al-based perception in robotics? White any three kinds of infor- | CO5 (3]

mation that a deep-learning vision system can provide to a robot.

(b) Explain how AT helps in autonomous decision-making. Why should robot
decisions consider uncertainty? Give one example where peréeption output
affects navigation action, and mention one evaluation critéribn for Al percep-

tion.

[5]
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