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. Start From a Gi~EffrDesign S'~~cification
- ..'.. . .'...' . ..'. '. . ---...'.". ".'.',.. -..

. Develop a MqtJelfor the New De,ign
-. -... ..-... . ..- '.'. ..... '..." ..'.. . --. . ,....- .

. Simulate theljQevice Seperately Jind in the Overall

System "'/"!:",, ,/ .'

. Fine Tune the Des)jgnfor th~§BestSystems
Response . ...

.. .

. Accomplished Befo'r~~<'E:iJr~:t;[fPrototypeAssembly
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Cruise ControlSystem Example
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Electronic

Control System

PID
vc

In out

vd Selected

Speed

Automotive Cruise Control

Road
Grade
Disturbance

Throttle Dynamics Fuel Dynamics

k

H( s ) * ( S/w ) + 1 vc2
k

H( s ) * ( slw ) + 1
k- 1 k- 1
w*1C w* 3

Log Log

vf Feedback
out In

System

tI

+
Vehicle Dynamics

tv
k- 1

+

I saberi
models.sin

k

H(sJ*(SIw)+1

.. 0.2
Log

v
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Generation of PIO

Ve +

+~c
+ +

+ Goin

K
Vd Integrotor

1/G;-
S

Integrotor

1/Gd-
5

Vd == GdS/( 1+GdS/K)Ve

Vc == Gp(Ve+Vd)(1+1/(GiS))

Vc/Ve = Gp + Gp/(GiS) + GpGd/Gi( 1+GiS)/( 1+GdS/K)

orooortiono I + i ntE=:o ro I + rliffprpntinl
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(mph)
66

64

62

Cruise Control Example

48
I

0

(mph):t(s)

50 t ( s)5 10 15 20

(2)Actual speed (2)Set speed----------

60-i r-+---+----
I
I
I

58...! I
I
I
I

56...! I
I
I
I

54...! I
I
I
I

52...! I
I

50 I
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(mph)
66

64

62

Cruise Control Example. Road Disturbance

48
I
0

(mph): t(s)

SO t(5)5 10 15 20

(2)Actual speed (2)Set speed----------

60-1 r-+--""-""-
I
I

58-1
I
I
I
I
I

56-1 I
I
I
I
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I
I
I

52-1 I
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Cruise Control Example. Failure mode

------------------------

SO t ( s)15

(2)Actual speed l:lS~~s1.~~---
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Cruise Control Example. Analog vs. Digital

12 f4

(3)Analog

..",.----

16

0lD...!!!!:.! ;.

fS 20 22 24 t(s)
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