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A Study on Driving Control of an Autonomous Guided Vehicle
using Humoral Immune Algorithm Adaptive PID Controller
based on Neural Network Identifier Technique

Young Jin Lee*, Jin Ho Suh** and Kwon Soon Lee”

ABSTRACT

In this paper, we propose an adaptive mechanism based on immune algorithm and neural network identifier
technique. It is also applied for an autonomous guided vehicle (AGV) system. When the immune algorithm is applied to
the PID controller, there exists the case that the plant is damaged due to the abrupt change of PID parameters since the
parameters are almost adjusted randomly. To solve this problem, we use the neural network identifier (NNI) technique
for modeling the plant and humoral immune algorithm (HIA) which performs the parameter tuning of the considered
model, respectively. After the PID parameters are determined in this off-line manner, these gains are then applied to the
plant for the on-line control using an immune adaptive algorithm. Moreover, even though the neural network model may
not be accurate enough initially, the weighting parameters are adjusted to be accurate through the on-line fine tuning.
Finally, the simulation and experimental result for the control of steering and speed of AGV system illustrate the validity
of the proposed control scheme. These results for the proposed method also show that it has better performance than
other conventional controller design methods.

Key Words: Humoral immune algorithm (HIA, A HEL3)F), Adaptive control (B-3-A o)), PID controt,
Neural network identifier (NNI, 217 3] 2 %5 A), Autonomous guided vehicle (AGV).
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Table 2 Parameters of the neural network identifier

Steering Parts | Speed Parts
Pattern Number 700 700
Input 5 5
nuoce [ Hidden 7 7
Qutput 1 1
Learning Rate 0.81 0.53
Momentum Factor 0.7 0.2

u(t—k),(k=0,12)
y(t-m),(m=12)
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0.0015 0.0012

Input Parameter

Hidden

Slope Output
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Fig. 10 Results of driving speed (with loads and external
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Table 3 The simulation results for driving AGV system
with the external disturbances

PID NNPID HIA PID

Max displacement 0.573 0371 0.281
error{m] ) ) )

Ave. displacement 0.256 0.115 0.115
error{m] ) ) )

Speed tracking 0169 | o160 | o102
error{m/sec] ) ) i

Ave. | Velocity[V] | 2443 2443 23.83

Control 1} qiceringv) | 1505 | 1641 | 1826
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Table 4 The specification of AGV system

Contents Specification
Overall length[m] 1
Overall width[m] 3
AGV Overall weight[kg] 3
system Wheel radius{m] 0.05
deadweig avioad
Weight(ke] ht pay
30 25
Steerin Model: JC-35L-H/Gear
Driving g Rated voltage: 20[V]
parts speed Model: DCM-213-2A
P Rated voltage: 20[V]
Battery 7[AH], 12[V]*3EA
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Fig. 12 The relative errors of distance and angle
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Table 5 The parameters of neural network modeling

Steering Parts | Speed Parts
Pattern Number 7060 700
Input 5 5
Naoce [ Hidden 7 7
Output 1 1
Learning Rate 0.9 0.5
Momentum Factor 0.3 -0.08
u(t—k),(k=01,2)
Input Parameter e=m) (m=12)
Slope Hidden 0.0025 0.005
Output 0.0025 0.005
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Fig. 13 Results of neural network modeling
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Fig. 14 The displacement error of AGV system
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Fig. 15 Results of driving speed for AGV system
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