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Design of Steering Controller of AGV using Cell Mediated Immune
Algorithm
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(Y.J. Lee,J. W. Lee, and K. S. Lee)

Abstract : The PID controller has been widely applied to the most control systems because of its simple structure and easy designing.
One of the important points to design the PID control system is to tune the approximate control parameters for the given target system.
To find the PID parameters using Ziegler Nichols(ZN) method needs a lot of experience and experiments to ensure the optimal
performance. In this paper, CMIA(Cell Mediated Immune Algorithm) controller is proposed to drive the autonomous guided vehicle
(AGV) more effectively. The proposed controller is based on specific immune responses of the biological immune system which is the
cell mediated immunity. To verify the performance of the proposed CMIA controller, some experiments for the control of steering and
speed of that AGV are performed. The tracking error of the AGV is mainly investigated for this purpose.

As a result, the capability of realization and reliableness are proved by comparing the response characteristics of the proposed CMIA
controllers with those of the conventional PID and NNPID(Neural Network PID) controller.

Keywords : CMIA(Cell Mediated Immune Algorithm), biological immune system, PID Control, neural network identifier, AGV

(Autonomous Guided Vehicle), steering control

LME
HAL dA 182 o,
T-Z7FH 3 A I Eke ‘7‘345}7] 1:]”' HEAAE 25
o] AR@elA del o] &E 3 At o]t A
2€g A ol 7 ‘6‘8-5& AL F
gl dia] b} AdE Aol gt EE 2 s e Ao
t}. Z 2] PID gatnl g9 T %7y o 2= Ziegler-Nichols
(ZNysi o] o] &5 1 Ak H 2 9] 4% KHgsty] &84
RS ZEH H4Pe] &7 Y
B =Fo M o]9 22 PID A 9] 7] ve}u] g A A < of
& dAE7] At Y A ~RE EYFOEN I
St o) A HME AEH o2 g8 5 UE MEL A
A dE st At o |1 ’\] 22¥lg F ot
S&3lu Y BokEE A AAA WY Wk-§-(Humoral
Immune Response) ¥} A A H te‘_%(Cell Mediated Immune
RCSPOHSC)OE ol A7h g gk o) F A A W
F32 HA 7Y, 2E Ao, BAAEERA N F B
'Ev—oﬁoﬂ"i SE55 Y1 [3]. AEG HINHEES §83F
At EE XY whg RdS &8¢ A7 AR T 19
A g A o] tH4]-[6].
wetA, 8 d7odAe x4 d9ekg-F 3714 T cell
(killer, helper, suppress)®] A X &2} 598t& vpgdo g 4
B9S2 25T n8 st A o7& A As it ek, 53] Al

L2

4

Hadat ;20000 8. 29, FALE : 2001, 4. 12

ol : FF7) 5 A7) A ZE A o] Fairlee@kopo.or.kr)
oA § ¢ Fotd] Wit A v]-& et z(ikonote@orgio.net)
olAL : Folul A7 A2 §F e 5 8- (kslee@daunet.donga.ac kr)

EEEH8S AFHOE o §3he] PID FEE 2 Ao}
& AR A Bk W, 14320 78S AGY

Aod mAee] ghed A Aol Hepi e AAE
ueh &340 FAFoRMA HAR Aol o) Fo Aol
AzAel $4 h5AE A AF S 1A B,

AZH DG Wge T AE(Tcel)e] A7) 24 342 5
@ 7)ol £ - oA 2 Aol U AHHL 34
of e WStk Z T AEE 51 - oA, h3e] 7158
e A A A2 T4 oY AR A el u
Eﬂl whgala, U A AAE we) B2 A AR BT
S5e5YN02 ¥ £ 5 ks SAWIA wY
Alé%g} = ahtel 3= oAV Foleh & & ATHSHT.

%, oled% WY Axye 24944 E FoHon B
wste] B8 Hobel Ao} A2WoR FAR S, 4

AE Ao} Al A8 Mo S A8 FixAS e
sishe] AGVSE] 78 Alojo] A §aknR @t 5, AGVS
Fo B9 QNS P D, AR S 42T 5 3
52 37] Al HEAH WE SER Fase] BR Lo
A£RHE A Folt Aol L TATHBIIL. Lol A
o] %02 FYsA HW FH FaA Aol g
Q% Y BAZopr1E & lom], AGVS] 2% L S E
Aol 719 Aol ol & A9-2rha & 4 Atk wekA, 2t Al
of71 58 et WEolL 7919 $7 W= H 34 L 7}
45 UES HAH o} AT 5, o9 2L v 1Y A4
JEECERLERCEPEPEEREEES =

AAE FEH o TR + Ak Ao FEIF 27,
o2 9latel A2gel BER FH LLAE P FAL o

=
e



830

£(t) ‘ K, I
T- Piperveells T Kl

cells
activation
factor

T- Suppressor cells

a9 3. CMIel| 7I9ke E Tecell 23075
Fig. 3. The T-cells regulation mechanism based on the CML.
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Table 1. Specifications of AGV system.

Contents Specification
Overall Length 1{m]
Overall Width 0.3[m]
AGV R
Body Wheel Radius 0.05[m]
Dead weight Payload
Weight
30[ke} 25(ke}
Gear rate = 1 : 35 (10([rpm])
Steering Max. Steering Angle = 30+4[7]
Rated Voltage = 20[V]
Driving
Parts Gear rate =1:16
Max. Speed = 0.5~0.7[mys]
Specd (211{rpm])
Rated Voltage = 20 [V]
Potentiometer 0~2[kQ], +=5~10[%}
Sensor
Parts . Polaroide 650 Series
Ultrasonic Sensor % - 54 AL
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Table 2. Parameters of the neural network identifier.

Classification .
Qmmetem Steering parts Speed parts
Pattern No. 700 700
Input 5 5
Node .
No. Hidden 7 7
Qutput 1 1
Learning ratio 0.9 0.5
Momentum factor 0.3 0.08
u(t),u(t-1),u(t-2), u(t),u(t-1),u(t-2),
Input t ~ ~ ~ ~
APHEPARIEIET S0, M=) | M=, Hi-2)
Hidden 0.0025 0.005
Slope
Output 0.0025 0.005
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Fig. 6. Results of the neural network identification for the
steering system.
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¥ 3. AGVY FFAH.
Table 3. Driving experiment results of AGV.

Controllers
Response PID NNPID | CMIA
Characteristics
Speed settling 186 | 181 | 156
time[sec]
Speed percent
Speed overshoot[%] 33 33| 32
control
Speed standard 0.483 0.494 0.496
deviation[nysec] +0.0397 | £0.0377 | +0.028
Control input RMS [V] | 11.39 1132 11.37
Displacement error max. 391 3.85 395
fem]
Steering | .
control Displacement error RMS 210 1.90 153
[em]
Control input RMS [V] 8.21 7.02 } 6.87
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