System Control

Introduction
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What i1s control?

Control = Perception + Decision + Actuation
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In Feedback “Loop”
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Perception »  Decision » Actuation
Self-Driving Camera Computer Control
Car LIDAR Electronics
Radar
Human Eyes Brain Hands
Driven Ears Feet

Car
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What Is system?

Transfer function
1
ms? + bs+k
Linear
X =Ax+ Bu -+ Bgpdy
where,
0 1 0 0 0
0 b -
A: 0 a(2]2 0(2)3 afﬂl ’ B= 81 B¢= [257)
0 ag a3 as bay agy
Nonlinear

x(k+1) =f_(X(k)~,u(k) ,@(k))

X(k)+ TV cos(B (k) + (k)
(k)+TV Sm(ﬁ( )+ W(k))
V (k) + Ta(k)

= - %Y (k)
B(k)+ T (k) — V,\-(k)
W(k)+ T (k)

| Y(k) — TasP (k) + TasaP(k) + Thay 6(k)
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Example of system control

Motor: position control (ex: Robot Arm)

Position
Command

d d d da
0 69 Position W ew Velocity I el Current V > C R DC Servo » Load
+ Controller | 4 Controller | 4 Controller o enverter Motor 0a
I \ 4
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9 Sensor
Vehicle: lateral motion control (ex: Lane Keeping System)
d d d e
" e Lateral | e T T
Posit y ~ y : ) EPS O EPS .
Co?’r?:'r:::d + X Cl\)/ll':z:l)olrer + Controller | 4 system Vehicle
\ 4
6 T TAS
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y Environment
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Example of system control

Longitudinal motion control
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Autonomous vehicle
Speed Cruise id 1 T : | Lidar |
£ ] control control 4 BECES >
Trjectory "'.:E Vehicle 1S
Command § E E Motion amera
% |, [Tateral Steering | Ts EPS RN
control control Str. sys i | IMU |
Multi-sensor
Data fusion
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Example of system control
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Autonomous vehicle

Unknown / Uncertain Environment
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What is our goal?

Design a controller for given system!

e System

- Modeling, characteristics, stability, steady-state error
 Control

- Root locus, Digital control, ...

Control System

..................................

—# Actuator [~ Plant » Output

Feedback Signal
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Laplace Transform review

* The Laplace transform

HLF0)]=F(s)= [ f0yedr

S=0+ J
 The Inverse Laplace transform
l G+ jm

SE(s)] = 2—7[] F(s)e'ds = f(t)u(t)

G—jo

u(t) : Unit step function
u(t) = 1 t>0
u) =0 t <0

o)

- ) N'Q Qe
UNICON LAB, Unmanned & Intelligent system Control Laboratory INCHEON NATIONAL UNIVERSITY

d



Laplace Transform review

* Laplace transform table

ltem no. f(t) F(s) ltem no. f(t) F(s)
. 5(1) 1 1
5. e “u(t)
. | s+ a
2. H(t) ;
‘ 0]
6. sin wiu(t) -
3. tu(t) lz e
N s
7. cos wtu(t) ey
| - 2 2
4. " u(f) ”+-1 524+
S.P!
| N'U 2t
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Laplace Transform review

« Example 2.1

* Find the Laplace transform of

f(t)=Ae “u(r)

« Sol) . - -
F(s)=|/(t)edi=] de e "dr =A[ e " di
0 0 0
A ~(s+a)t : A
= — e —
S+a 0 Sta

o]
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Laplace Transform review

« Example 2.2

* Find the inverse Laplace transform of

|
F(s)=
(S) (S -|—3)2
* Sol) F(S):iz f(t)=1tu(r)
s
F(s+ a) = G +la)2 f(t)=e “tu(r)

() =e""tu(r)

o]
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Laplace Transform review

* Partial — fraction expansion

- Case 1. Roots of the denominator of F(s) are real and distinct
- Case 2. Roots of the denominator of F(s) are real and repeated

- Case 3. Roots of the denominator of F(s) are complex or imaginary

. J.N'( QEoista
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Laplace Transform review

 Case 1. Roots of the den of F(s) are real and distinct

F(s)=——
(s +1)(s+2)
Fls) = 2 K, K,

GiDGs+2) G+D (5+2)

* To fine Ki, we first multiply (s+1)
2__ g (s*DK,
(s+2) (s+2)

K1=2,K2=_2

* Inverse Laplace transform

F(H)=Qe" =2 u(t)

o)
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Laplace Transform review

 Case 2. Roots of the den of F(s) are real and repeated

Fls)=————
(s+1)(s+2)
« We can write the partial — fraction expansion as a sum of terms.
Fs) 2 K, K, K,

= = - +—
(s+D(s+2) (s+D) (s+2) (s+2)
« K1 = 2, which can be found as previously described

« K2 can be isolated by multiplying (s + 2)°

2 , K,
GiD) =(s+2) (s+1)+K2+(S+2)K3

To find K3 we see that if we differentiate with respect to s,

-2 (s+2)s f()=2e" - Vet D2

— = —K, +K
(s+1) (s+1)

1 3
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Laplace Transform review

* Case 3. Roots of the den of F(s) are complex or imaginary

F(s)=

s(s”+2s+5)

« This function can be expanded in the following form
3 K, K,s+K,
s(s*+25+5) s sT4+25+5

« K1 is found in the usual way to be 3/5.

3
3:(K2+g]sz +(K3 +%js+3

« Balancing coefficients, (K2+§)=0 and (K3+§J=O.
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Laplace Transform review

* Case 3. Roots of the den of F(s) are complex or imaginary

30 3/5 3 542

F(s)= = —
(5) s(s* + 25 +5) s 55 +2s+5

3/5 3(s+D)+(1/2)(2)

F(s)=
) = a2

 |Inverse Laplace transform of each term

3 3 | .
N==—=¢"| cos2t+—sin2¢
fiy=3-3 [ 2 ]
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Laplace Transform review

* Laplace transform solution of a differential equation

« Given the following differential equation, solve for y(t) if all initial
conditions are zero. Use the Laplace transform.

Ay 1,
32y =32u|(1
o ” +32) u(f)
« Sol) Laplace transform
S2Y(S)+12SY(S)+32Y(S) 22
A
32 32
Y — =
(S) 5(52-1—125—1—?2) (S+4)(S+8)
(s)= 32 T

S(S—|-4)(S+8) S (S—|—4) (S+8)
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Laplace Transform review

* Laplace transform solution of a differential equation

32 |
Kl:(s+4)(s+8) =1

32

s—0

=-2

s—>—4

K,=— =1

5s—>—8

 Hence,
1 2 1
_l_
s (S+4) (S+8)

v(r)=(A=2e" +e " u(r)

o)
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Laplace Transform review

A general linear, time-invariant differential equation

d”c(r)_l_ d" e 0,

) drur(r) b d:n—lr(l‘)
n dz;; n—1 df” 1

dfm T m-1 df m—1

e ([

~tayc(t)y=>, +...+b,r(1)

c(t) is the output, r(t) is the input.

« Taking the Laplace transform both sides,

a,s"C(s)+a, s"'C(s)+...+a,C(s)+initial condition terms involving c(7)

=b s"R(s)+b

m— 1

s" " R(s)+ ...+ b,R(s) +initial condition terms involving r(7)
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Laplace Transform review

A general linear, time-invariant differential equation

« If we assume that all initial conditions are zero

(as"+a, s"" +. . +a)C(s)=(b,s"+b s"" +..+b)R(s)

m 1

 The ratio of the transform, divided by the input transform

m m—1
:bms +b s" 4. +b,

m—1

C(s
( ) = G(S) n n—l
R(s) as'+a s +..+a,

n—1

« We call this ratio, G(s), the transfer function and evaluate it with zero
initial condition

C(s)=R(s)G(s)

R(S) (bmSm + bm—lsm_l et bO) C(S)

ot | Lt
(@ps" ta,_ys" "+t Cl(_})

Figure Block diagram of a transfer

OI|XA| CHOH 1
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Laplace Transform review

« Example
« Find the transfer function represented by
ctg)+h10:rﬁ)

« Sol) Taking the Laplace transform of both sides, assuming zero
initial conditions

S(XS)+2CTS)=}H5)

CCs) 1
CR(s) s+2

(?(S)

o]
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Laplace Transform review

« Example
Find the response, c(t) %+ 2¢(t)=r(1)

« Sol) r(t)=u(t), R(s)=1/s
o582

1
C(s)=G(s)R(s)=
(5) (S) (5) S(S+2)
» Expanding by partial fractions
Cisy= /2 112
s s+2

« Taking inverse Laplace transform of each term yields
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Laplace Transform review

e Case 1. vs Case 2.

Het S

0.5

045 -
04 r

0.35

MM .25 -
=

A2 (E)

[Case 1.]

() =Qe" =27 ul(t)
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