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Implementation of the Thermal Control System
using RVEGA-Fuzzy Control Technique
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Abstract : In this paper, we proposed an optimal identification method of the membership functions and the
numbers of fuzzy rule base for the stabilization controller of the Thermal process control system by RVEGA.
Although fuzzy logic controllers and expert systems have been successfully applied in many complex industrial
process, they must rely on expert’'s knowledges. So it is difficult in determination of the linguistic state space,
definition of the membership functions of each linguistic term and the derivation of the control rules,

To verify the validity of this RVEGA-based fuzzy controller, Thermal process control system, with strong
nonlinear dynamics, was selected for application of this algorithm and compare with PI controller, and the
empirically improved fuzzy controller.

Key Words : Thermal Control, RVEGA-Fuzzy Controller
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Fig. 2. Process Block
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Fig. 3. Heater & Temperature Sensor System
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Table 1. Parameter of the Thermal Process Control System

Parameter] Description Value Unit

m Mass of the Block 0011 [kl

G |Specific Heat of the Block 0900 | [ki/kg- Cl
The basic Heat Transfer

P Lcoetfcient for stil air 006 | (W/ar'- T

h_ [Heat Transfer Coefficient 26 [ [W-mv/C)
Surface Area of the Block

A for heat transfer 0005 [m]

Ton  [|Around the Ambient Temp. 2 [T]
'Thermal Block 5.7 ['c/wl
Heater Wire Gain 25 [W/V]

Ty |Platinum resistance 0.3% [Q/T]

T Thermometer Sensor 10 [c/v)
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Fig. 4 Typical input-outpt structure of fuzzy membership function
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Table 2. Coding for multiparameters identification
[, |width(1) Jcenter(1)]... [width(n) [center(n)|

[x2__|width(1) Jcenter(1)]... [width(n) [center(n)]

[u position(1) [position(2) |... [position(m)]
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Table 3. Parameters of RVEGA
crossover rate 0.85
mutation rate 0.25

size of population 20
maximum generation 150
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Fig.. 6. RVEGA based Fuzzy Membership Function
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Fig. 7. Simulation results of the classical FI Controller
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Fig. 8 Simulation results of RVEGA-Fuzzy Controller
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Fig. 10. Simulation results of RVEGA-Fuzzy Cortroller
with Distrbance input
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Table 4. Simulation results table

RVEGA-Fuzzy
PI controller er L[}

Set-Point 2[T)

. 58711l 506 [T)

WM 05 rapg | w2

Settling Time 173 [s) 815 h R
Rise Time X s] 2% [s)

Response to dis. + &
24 4949 9 23

2 479 493 A% A9 FAe 129 19 2o sk
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Fig. 11. Hardware Construction of Thermal Process Control System
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Fig. 12. Experimenral results of the PI Controller

Fg. 13 Experimental results of the RVBGA-Fuzzy Controller
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Fig. 14. Experimental results of the P Controller with
disturbance input
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Fig. 15 Experimental results of the RVEGA-Fuzzy
Controller with disturbance input
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Table. 5. Experimental results table

RVEGA-Fuzzy
n ’ H 2
controller |
Set-Point {7
0 50 [T] 5158 [TC]
oM O3 ok | imis g
Settling Time 21 [s] 60 [s] 2o
Character for the Settling
1
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