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FE PID 424 & % P 4T CPO (crested porcupine optimizer) . IPSO(improved particle swarm optimization) , COA ( crayfish optimization
algorithm) . GA ( genetic algorithm) f£i%, 45 A fo 235 3 3E IGRO-FuzzyN-PID Jf %3 32 — IGRO-PID J %, £ #r N4 b s+ #k A= 3E
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Multilayer Fuzzy Nested PID Temperature Control Technology
Based on Improved Gold Rush Optimizer

YAN Chao', ZHANG Hui'*, CHANG Xin*, GAO Peng’, FU Le', TANG Ming-zhang’

(1. School of Mechanical Engineering, Jiangsu University of Science and Technology, Zhenjiang 212100, China;
2. Beijing Institute of Space Electromechanics, Beijing 100094, China)

[ Abstract] Aiming at the problem of high-precision, high-speed and efficient temperature control caused by multi-point measurement
and asymmetric heating condition of input and output, a new algorithm (IGRO-FuzzyN-PID) based on IGRO-PID and multi-layer fuzzy
nested algorithm was proposed. Simulation results show that IGRO algorithm is superior to CPO ( crested porcupine optimizer) ,IPSO
(improved particle swarm optimization) ,COA ( crayfish optimization algorithm) ,GA ( genetic algorithm) in PID control system. Simula-
tion and experimental results show that compared with the IGRO-PID algorithm, the overshoot, steady-state error and average error of
the IGRO-FuzzyN-PID algorithm are optimally increased by 70.91% , 70.69% , 82.35% and 86.89% , 76.23% , 86.56% under
symmetric and asymmetric input and output conditions. It is proved that the proposed algorithm meets the control requirements of high
precision, high speed and high efficiency under symmetric and asymmetric input and output conditions.

[ Keywords] temperature control; improved gold rush optimizer; multilayer fuzzy nested; asymmetric input-output
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Fig. 1 Temperature control experiment verification platform
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Fig. 2 Temperature control experiment flow chart
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Fig. 4 IGRO-PID schematic diagram
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Fig. 5 Flowchart of IGRO-PID
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Table 1 Details of key parameters of related algorithms

AR/ 28
IGRO o=2
GRO (H24%)
cPoO Tr=2 a=0.2 T;=0.8
(TEHE) (1) (BB )
BKA =09
(BChi A )
GOOSE md =0.5 pro=0.2 S, =12
(VAL E) (EFHT) (FERHT)
¢=0.95 fry =0.15 fr, =0.6
(FK) (A IR ) € EEED)
AROA p; =0.2 p, =0.8 Ef=0.4
(BE{H 1) OOFXHT) (WERE 2)
tr; =0.9 tr, =0.85 tr; =0.9
(B 1) (HfE2) (B 3)
COA temp =30 C;=2 rand =0.5
(PRI IREE ) (EWHT) (VL)
s U,x=0.95 U, =0.0111 W, =09 W, =0.1
CGREER) GRIETRR) Bk BB (BPETER)
Viax =0 ¢ =1 c, =2
PSO GEBEHNT) (FEAMH 1) (%#21{E2)
W =0.9 Wiy =0.6
(T EBR) (e TR
p.=0.8 pn =0.05
GA
(R HEE) CRIERER)

P S5m0 R BAE B R 10 Al RE LR
30 e REAR BN 100 8 s S is 17
10 R, SEE IR 036 2 FF s, SE I 45 3 3
Fii o

K2 ZRARAREHRER

Table 2 Software and hardware information in experiment

ZERy Hardware software
Intel(R) Core(TM) .
CPU . 0S-Windows10
i7-9700K CPU
RAM 16 GB Matlab 2020a

Wk 3 Fis, IGRO BIETE F| F, F, F, F;.
Fo Fy F, BRECT WEBHE R TE F F, Fo Fy
F\ JF, BRECN b2 A, 45 REW] IGRO Bk
A A S A S A i RS N S g
2.4.2 IGRO-PID &% 5#7

97 BAIE IGRO BL7E PID #5H R Hyrl 47
P A SO g B B B R AR R AT B 4, 4 il
H PO COAM™! 1PSOM™ GA'™! IGRO XiZ £ 4
PID ¥l SHGHATHRE . REME L RECH

G(s) = 20. 9

0.005 7s*> +0.12s + 1

X T VAL A% R A, 0 AR SE 7 #1002 LR W46

i B PP 50, S REAR R ECH 50,3 1~

-0. 06s

(16)

%3 CEC2022 if&% s IGRO B SRAXMUBEEMIRLER
Table 3 Experimental results of IGRO algorithm and similar optimization algorithms in CEC2022 test set

F, F, F, F, Fy Fy
Bk
AVG STD AVG STD AVG STD AVG STD AVG STD AVG STD
IGRO 9.76 x10*> 4.73 x10> 4.26 x10*> 1.98 x10' 6.06 x10>  2.77 8.18x10>  4.33 9.294 x10%> 1.81 x10' 2.77 x10° 8.66 x 10?
GRO 2.38x10° 8.12x10> 4.44x10> 2.70x10" 6.08 x10*>  2.95 8.23x10>° 5.75 9.496 x10%> 5.59 x10'  6.44 x10° 9.52 x10°
CPO  5.40x10° 2.11 x10° 4.30 x10*> 2.05x10" 6.08 x10>  2.70 8.43x10>°  5.87 9.296 x10*> 1.39x10"  6.26 x10* 5.29 x10*
BKA 2.53x10° 3.13x10° 4.69 x10> 9.34 x10' 6.36 x10> 1.03 x10"' 8.21 x10>  9.90 1.125x10° 8.23x10" 3.59 x10° 1.96 x 10°
GOOSE 3.07 x10* 1.43 x10* 1.47x10° 6.36 x10°> 6.63 x10> 1.27 x10" 8.47 x10> 1.58 x10' 2.416 x10* 7.04 x10*> 1.39 x10® 1.90 x 10®
AROA 2.25x10* 9.14x10° 1.61 x10® 4.92x10> 6.69 x10> 1.14 x10" 8.77 x10* 1.69 x10' 2.160 x10° 6.40 x10*> 6.38 x10® 6.53 x10°
COA  1.94x10* 1.32x10* 4.35x10%> 3.25x10' 6.30x10*> 2.36 x10' 8.32x10> 2.3l 1.445 x10° 3.4 x10> 5.58x10° 1.69 x10°
SOA  5.18x10° 1.9 x10° 4.77x10*> 6.74 x10" 6.27 x10>  8.09 8.29x10>  8.06 1.150 x10° 1.68 x10*> 5.24 x10* 9.08 x 10*
IPSO  3.00 x10° 8.81 x10> 4.42x10? 2.55x10"  6.29 x10* 1.03x10" 8.24 x10>  9.99 1.074 x10° 1.26 x10>  3.52x10° 2.49 x10?
GA  2.90x10* 1.30x10* 6.73 x10> 1.16 x10> 6.70 x10*>  9.84 8.72x10% 1.79x10' 1.228 x10° 2.04 x10*> 3.29 x10° 7.63 x10°
4%’/% F7 FS F9 FlO Fll F]Z
o
AVG STD AVG STD AVG STD AVG STD AVG STD AVG STD
IGRO 2.030 x10° 7.98  2.227x10° 1.71 2.56 x10° 1.44 x10" 2.54x10° 5.20x10" 2.83x10° 9.10%10' 2.869 x10°  1.49
GRO 2.032x10° 9.90 2.227x10° 2.28 2.57x10° 2.04 x10' 2.54x10° 5.82x10" 2.93x10° 1.58 x10> 2.875x10° 7.95
CPO 2.042x10° 5.68 2.230 x10°  2.47 2.56x10° 1.13x10" 2.51 x10° 4.12x10" 2.81x10° 1.02x10*> 2.879 x10°> 3.70
BKA 2.058 x10° 1.62 x10' 2.230x10°  7.00 2.62x10° 5.51 x10"  2.71 x10° 2.94x10> 2.96x10° 2.52x10> 2.870x10° 9.19
GOOSE 2.145 x10° 3.46 x 10" 2.402 x10° 1.60 x 10> 2.78 x10°® 1.05 x10*> 3.08 x10° 5.68 x10*> 4.28 x10* 4.11 x10* 3.032 x10* 7.79 x 10"
AROA 2.210%10° 6.78 x 10" 2.383 x10° 8.93 x10" 2.85x10° 1.04 x10> 3.49 x10° 8.38 x10> 9.42x10° 2.97 x10° 3.084 x10* 8.26 x10'
COA 2.051x10° 8.93  2.267x10° 5.52x10" 2.57x10° 4.62x10" 2.67 x10° 2.55x10> 3.13x10° 2.91 x10*> 2.873 x10 1.30 x 10’
SOA 2.061 x10° 2.24 x10' 2.230 x10°  2.66 2.63x10° 3.56x10' 2.55x10° 6.29x10' 3.24x10° 2.72x10> 2.914 x10° 2.81 x10'
IPSO 2.070 x10° 3.13 x10' 2.226 x10°  2.27 2.52x10° 2.79x10'  2.74x10° 3.79x10*> 6.12x10° 2.32x10° 2.914 x10* 6.18 x10'
GA  2.159 x10° 5.74 x 10"  2.295 x10 8.01 x 10"  2.75x10° 9.49 x 10" 2.88 x10° 3.93 x10> 1.59 x10* 6.18 x10° 3.033 x10* 5.36 x 10"
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Fig. 6 Comparison of fitness values of each algorithm
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Fig. 7 Comparison of the output of each algorithm
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Table 4 Performance index of each algorithm

LRI 7 CPO COA IPSO GA IGRO
K, 12.951  2.552 2.475 5.187  3.404
K, 21.384  13.178  12.858  17.744  0.023
K, 0.083 0 0 0 0.088
FAENE  195.61  246.47  246.43  257.99  165.24
BARUKEL
(F =200) 49 — — — 11
HMEE/ % 27.91 10.49 9.65 25.55 2.35
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Fig. 9  Schematic of the input and output symmetric conditions
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Table 6 Comparison table of performance indicators
PERETE AR AL % iR/ PR/ C TtetiE/s
IGRO-PID( T3, L T#k) — 0 0 4560
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Table 7 Comparison table of performance indicators
PEREFE bR HBIE /% RARE/C TR/ C T s
IGRO-PID(T1, 4 F#k) 23.60 6.70 6.90 930
IGRO-FuzzyN-PID( T1 , % T4I) 1.49 1.01 0.34 750
IGRO-PID( T2, A T) — 10.63 9.19 —
IGRO-FuzzyN-PID (T2, T4) — 5.05 3.94 —
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IGRO-FuzzyN-PID( T3 , 4 T4kt — 4.02 2.96 —
IGRO-PID( T4, A T) 15.57 9.35 7.07 3825
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FENT-34 69 s, %8 IGRO-PID Bk 4% (AR R
BFERT 0. 14 s 24, 1 R IR RGFERT 2K
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Table 8 T3 point symmetrical input and output condition

THRE B s Lt g
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(13,6 F#) ' ' ’
IGRO-FuzzyN-PID
4.93 3.45 4650  69.83
(T3/5C=1)
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Table 9 Comparison table of performance indicators
TERE T s -3 I
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Fig. 14 Experimental results at points T3(20 °C)
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Table 10 Comparison table of performance indicators
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