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Automobile Cruise Control System Using PID Controller and Kalman Filter

Su Yeol Kim®
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ABSTRACT

In this paper, the PID controller and Kalman filter are applied to improve the automobile cruise control in the environment with

disturbance and noise, and the performance is verified through diverse simulation. First, a mathematical model for a automobile cruise

control system is introduced. Second, the performance degradation due to disturbance in the basic open-loop control based cruise control

system is shown and then PID controller-based feedback control system to resolve this problem is verified. Third, to improve the

performance degradation due to sensor noise that may occur during the feedback process, a Kalman filter is applied and verified. Ultimately,

it is verified that the designed cruise control system with PID controller and Kalman filter not only satisfies all performance conditions

but also has the ability for disturbance rejection and noise reduction.
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Table 1. Values of Physical Parameters

Physical Parameters Values
m 1000 [kg]
b 50 [NV-s/m]

Table 2. Performance Specification

Performance Index Performance Criteria
Desired Speed 20m/s
Rise Time {( 10s
Overshoot  10%
Steady-state Error (2%

|—b v

Fig. 1. Simple Model of Automobile Dynamics

oRZd, & =FolA st FEFY AAH Y Aloj=
EE 2] Ast A5A RS A571EL2 Table 29 2t}
Aeake AT E A H £= 20m/so] ZEdoF 5,
o] 71& & (Desired Speed)7tA] 71584 ZEsfjof sh=
A2 A7HRise Time)2 10s o|Wjofof dit} E3E &
gt @W<GE(Overshoot)y= 10% oW, AHAMIE 2%
(Steady-state Error)= 2% o]djo]ojof it}

3. 2|2(Disturbance) ¥k
7|4t mEu x|of

£0|7] fIgt PID X017

E doHe AEFY A2E AoE 3t AR=
(Open-loop Control)9] $HAE $2|4 AlEH0lAS
BA5)T o) 2 12517 g W= Aoj(Feedback Control)
S At}

[e ==Y

Aol

£79

3.1 JHRZ Hlofel &t

Hazg) A AL A|EF o057 YsiA MathWorksAH
o] SimulinkE ARESHAL, NFZ AoJAAHE Fig. 29
e EE2MAEE XI5 ot

1 Speed

)

Pedal position ~ Actuator

b Engine Force

¥

h 4

10005 4 50

Plant (Car) Output

Fig. 2. Block Diagram for Open-Loop Control



Open-loop Control
T T T

20

I I I I I I I I I
0 20 40 60 80 100 120 140 160 180 200

Fig. 3. Result for Open-Loop Control

AEZ AojA A" AE B 45291 20m/sE W51
A AoldE 7 A2 =3 Z=(Pedal Position
or Pedal Angle)& -3ttt AlojYd g et SHER U7t
HE ZTFL HZofolE(Actuator)l AFsA} AF oA &
Aol AX (Engine Force)o] Hry. AT AofA| A
o]7] j& ] AR RO A 0] AL AR E B
SIAY 52 4y A9, E o83 HETA HMEY
"—%Pqﬂ(Fmal Value Theorem)ZFE &4 +& 4= Ut

Aoldg s dAGT 7HstE HSAAH=RH
AFEE 20m/sE 0|27 e 2ATE, & ABAR <
7belE d719] 2 1000 MY9S 7+ 5 ok 2 Al o]
AollAe 1000[M9] ol g HE =9 4x=E 30°
(7/6)02 ZFF3tct. ThAl TafA], &3P A AHE 9
o NEZ AoAARE AEsts FF 7Hs HEE 30°
F29 Hoh= Zolth Fig. 32 AlEEolA 715 ¥ 52 H

o

]

Pedal position Actuator

Disturbance
- . )y L o]
Engine Force 10005 + 50 Speed

Fig. 39] 4= 8E v 22 F 7HA 248 ’%——]'cﬂ
o]— P OT]:]— 7(4 I:HZZHE H]i 7H$_J_I }1101}\]/\15“0] _9_]:}1
1} A%(Oscillation)& YEM A &1 st @%%EH =
T2l 20m/so =EHAT, A5zl A9 602 o]f]
AR AojER 242 AT H571E 10x0] gglo] A
oS & o At T HIAR, A AGTHE 2AFES A
FAe 52 HAFHUAYE Sof 7+ & Sl o] W A
2= geksl 28 gaicky 714%E Aol &, A=t w2
oA T o wigolut TR FAR9] ®islel T2 ot
(Disturbance)o] ¥ 4= =4 o]E otA] Yttt=
Zo|t}.

o= AlEdoldS ol NI AojA|AHo] LJFto] 2sf
ool AstEle AS AT 5 Atk 20m/s 2 FEFHS
std AHsA7E 200271 At & 1/45%29) 01137312 =
7H3E siqinh. A9 ol 93k Wef] W= 3lo] ofzto] H= A
ot AlEH|o] Mol —1000g-sin (7/45)[V 02 Q17}5}9T.
71014 g= FHIEEE Yuigth. AlEHlH EEAE
< Fig. 4% ZoH, A&dold 21E U= Fig. 59
o] 200% AJRoNA H&53go] 0}3_7 £571 @45] Fol
= AL T 4 Qlt}. 1 o]+ Fig. 6olA &g 4
1=, 200004 A9dolzhs oehE ThZole A%l
< Jd=E |A= 7] wzolch.
b2t S &k, & ASARR] ASAIE FFAI7IH

A Qo] et A& WEA7]7] AT D= Ao]A]
28 A7 st

ok %0 [ rn\l r

Plant (Car) Output

Fig. 4. Block Diagram for Open-Loop Control with Disturbance
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