18m ISRO antenna used to track Chandrayaan
(part of Indian Deep Space Network)

This antenna needed to track Chandrayaan.

Q. How to change the azimuth angle precisely
according to the motion of Chandrayaan ?



Manually through gears
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Impossible: Too slow and imprecise



Potentiometer

Converts angle command into voltage



Use POT to convert angle command
into voltage

e

Polentometer

fi(r) 2 '
" !

Desired
azimuth angle
input

~ Azimuth
angle

LUt

Unrealistic arrangement! WHY?
Answer: Large motor requires a lot of
power.



Use Power amplifier to magnify POT
output voltage
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STILL SOMETHING MISSING! WHAT?
Answer: Error Correction



The central theme: feedback
R
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. (b)
*Use another gear/pot to check whether actually the

output is following the input.
/f not then use the difference/error to drive the system



One of the earliest examples of
feedback

Regularly used along the Konkan coast: probably first used in South India



Control in Wright Brother’s 1902
aircraft

Aircraft Control Glenn

Research

Wright 1902 Glider Center
Pitch Axis Center of
Gravity

Pitch

Roll Axis
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Modern Aircraft Attitude control loop
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Glucose control feedback loop

Raises High
Blood Blood o

Sugar Sugar




Functional Block diagram
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Schematic and Block diagram
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Steps of Control System Design

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6
Lise the .
. : If multiple Analyze,
Determine schematic .
. . . blocks. reduce design, and test
a physical Draw a Transform to obtain a
. . , the block to see that
system and functional the physical block diagram, . )
L . = . , diagram to a requirements
specifications block system 1nto signal-flow .
. . . = single block or and
from the diagram. a schematic. diaeram. = ) .
. = = closed-loop specifications
requirements. or state-space
) system. are met.
representation.
L% e e . - o _ o > —
v " " "
Analog: Chapter 1 Chapters 2, 3 Chapter 5 Chapters 4. 6-12

Digital:

Chapter 13

Chapter 13

Chapter 13




TAELE 1.1 Test waveforms used in control systems

i

Muodeling
Steady-state error

Input Function Description Skelch Use
[mpulse 8(r) §(t) =oofor0—- <t <0+ fin Transient response
o Delsewhere Muodeling
.I.
f S(t)dt =1
0- ]
‘
Slep uity wlty = 1llore=0 fin Transient response
= Qfor7r < 0 i Steady-state error
Ramp il i} (i) =t fori =0 A Steady-stale ermor
= () elsewhere I/
I -
Parabola %:Eu[rj %flu{r} — ]ia‘l forr =0 Fild) Steady-state error
= (elsewhere
'
Sinusoid sin et fin Transient response
L‘n.._,f




Antenna Animation




TABLE 2.1 Laplace transform table

Item no. f(@ F(s)
1. 5(1) 1
2. u(r) 1
s
3. tu(t) |
2
4 () nl
SH—H
5. e “u(r) |
S+a
6. sin wtu(r) @
52 + @?
7. cos witu(t) S




TABLE 2.2

Laplace transform theorems

Item no. Theorem Name
1. LI =F(s) = [- f(r)edr Definition
2. Lk f(1)] = kF(s) Linearity theorem
3. LA+ L)) = Fi(s)+ Fafs) Linearity theorem
1. Lle ™ f(1)] = F(s +a) Frequency shift theorem
5. Lf(t—T)] = e T F(s) Time shift theorem
| 1 "
0. @[ f(ar)] _ —F(i) Scaling theorem
a o
7. P Fﬁ] — SF(s) — £(0-) Differentiation theorem
di
8. d*r _j 1 . Differentiation theorem
¢\~ = $2F(s) = s(0-) = f(0-)
{
0. o d"f _ $F(s) - ib‘” £ pk10-) Differentiation theorem
dr k=1
10. SR Fls Integration theorem
2| fo_ flr)dr| = E )
11. f(oo) = limUSF(s} Final value theorem'
§F—
12. f(0+) = lim sF(s) Initial value theorem®
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