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Question (1) (10 MARKS)

-1 Dimarks] AVrite down the detinition ot robot? & What are the basie clements o Tobots!
Answer: A robot 1s a machine—especially one prog rammable by a computer— cap able of carryving out a complex
series of actions automatically. Robots can be guided by an external control device o the control may be embedded
within. Robots may be constructed to take on human form but most robots are machines desigrod to perform a task
with no regard to how they look.

2. Cimarks] Sketeh vobot closed Toop systen & human closed Toop?

| Humman Closed Loop System
I Box Diagram
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Robot Closed Loop System
Box Diagram
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3. [emarks] Talk about_the degree of freedom of a robotic arm?

Answer:

e Degree ol frecdom DOT- - number ol parameters deseribing the pose/conliguration of the robot

e For manipulator robots. there are a few common terms = simple terms = that you should know.

o A link makes up the “skeleton” ol the robot. and these are connected by joints.

o Thisis exactly-like how your arm is made up ol the base joint (shoulder) and is conneeted by a link
to another joint (¢lbow). yet again conneeted o the final joint (wrist) via another link.
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Lzach plane in which a robot can mancuver.
ROTATL BASE OF ARM
PIVOT BASLE OFF ARM \,$
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Question (2) (10 MARKS)

A: [smarks]. Discusses the dillerential drive kinematic & differential motion cases ol wheeled robot?
Answer

“Kinematics of Dillerential drive is the most common kinematic choice. Dillerence in wheels” speeds
determines its turning angle

“Dillerential drive mobile robot

« T'wo wheels, with diameter, point I” centered

« Between two wheels is the origin ol the robot frame

e [Fach wheel is a distacne ¢ from the center



1) Specify system measursmeants
. - consider possilyle cocrdinate s,st2ms

2) Determing the pomt ithi=s rachius: around

. Juich the ropot s turming
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A differential drive is made of two parallel drive wheels on either side ol the robot. powered separatcly.
and one or more casters (pivoting wheels) which help support the weight but that have no active role. It
is called a ditferential drive because the robot motion vector results from two independent components:

iU's ol no relation o the differential gear. which isn't necessarily used in the configuration.

When both the drive wheels wrn in the same direction at the same speed. the robot goes straight. [17the
wheels rotate at the same speed but in opposite directions. the robot wrns in place. pivoting around the
midpoint of the line that connects the drive wheels, The table below shows the behavior of a dilTerential
drive robot according 1o the direction ol'its wheels (assuming that when it's in motion they run at the
same speed). '

Left Wheel Right Wheel Rohot
Stationary Stationary Rests stationary
Stationary Forward  Turns counterclockwise pivoting around the

left wheel

Stationary Backward Turns clockwise pivoting around the left

wheel

Forward Stationary Turns clockwise pivoting around the right
wheel

Forward Forward Goes forward
Forward Backward Spins clockwise in place
Backvsard Stationary ~ Turns counterclockwise pivoting around the
right wheel

Backward Forward Spins counterclockwise in place

Backward : Backward Goes backward



B: Camarks]. Consider the thiree degrec-ol=freedom planar robot arm shown in Figure, 'The irm consists
ol one lixed link: all the links are connected by revolute joints whose joint ases e all perpendiculanr to the

plane of thic links. Describe Forward Kinematic Equations.
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Solution :

From qeor 2t of mechamsm{Frgurs 15.2), we havs
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