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Source strength inversion of PSO-IA under modified Gaussian models
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Abstract: In order to improve the science and effectiveness of traceability and localization of hazardous
gas leaks, determining the location and intensity of dangerous gas leaks is the key to emergency response to
accidents. The Gaussian plume model was modified by analyzing the mass conservation law and improving
the diffusion amplitude of the gas plume with an approximate Gaussian distribution. Additionally, a
heuristic algorithm based on the principle of immunization—IA coupled with PSO—was proposed, and the
PSO-IA algorithm was applied to source strength inversion. It is concluded that the modified Gaussian

plume model has been verified by three classical algorithms (PS, GA and PSO) , resulting in a prediction
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value error decreased by about 2%. PSO algorithm, which showed a better inversion effect, was selected

for comparison with the PSO-IA algorithm. The PSO-IA algorithm has improved the effect of inverting

source strength, with a localization error is 1.3 m, a source strength solving error of 0. 8%, and a single

computation time of less than 1 second. This enables fast and accurate positioning and estimation of source

strength.
Keywords: particle swarm optimization-immune algorithm ( PSO-IA) ;
model; source-strength inversion; hazardous gas leakage;
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Table 1 Inverse calculation comparison before and after model correction
B I f sl AL
ALCHA | / / kg - 57! - "
i HAR =RES «a x {H/m y{ﬁ m Q/(kg+s™) (G A oKL
PS 242.3 44.2 1.255 1.844x10™* 401
e T GA 276. 4 42.2 1.249 1.832x10™ 120
PSO 0.02 252.2 42.6 1.223 1.826x107* 102
. PS ' 248.5 45.1 1.216 1.806x10™* 400
16 1E i 7 ”
o GA 250.3 43.7 1. 208 1.795%10 126
- PSO 265.9 43 1.071 1.779x10™* 113

T 2 FOT 1AM 16. 4 m TRERN 9.7 m,y HiJ5A1 3.7
m FPEF] 2.2 m; PSO B0« flir I 7. 8 m
RS]S9 m,y Hrm A 3.3 m FREH] 2.9 m; Al
AL« 168 T TR 30 A0 S 280 e 355 107 (LA AL B B

EEXt PSS RO 0 (T E 5 ), 43 ik B
(200,45 ) 25T U5 S RN B R B IR S PR R H

L2 1 SR T R R DR 5 PS Bk 8
fasg i TR E, 2R RN ES; CA &
LAY R AE 75 (HAL R IR I SIS | 7 2R 22
BV HES R PSO Sk AR i SO AL Ak Rl b SR
A P MBI JEE | 52 B 5 R BE 34 SR B R A, D)
KEEHE T

400 SR
———— Y
350
300
E —
<250
200
150
100
0 100 200 300 400 500
BRI
(a) PSO-TAJR R A bxxdh g5 4R
150 S BE
———— A%
100
50 L _ _________________
£
=, 0
-50
-100
-150 : - . : .
0 100 200 300 400 500
(¢) PSO-IAJRIRALAR VRl
13r — RE{H
12 ————- A%E
LIf| - ===
% 1
on
< 09
S
0.8
0.7
0.6
0 100 200 300 400 500

(e) PSO-IATEIRQIE

350 B
- - — - JUf
300
0| 2 N
£200
=
150
100
50
0 100 200 300 400 500
BB
(b) PSOYRHEALFRxHHIEAR
120 S Al
- — - — UK
1001
80
£ 60 N
= aof B
20
0
20 : : . - :
0 100 200 300 400 500
BRI E
(d) PSOYEHRAL ARy RIEAR
131 — RAMHE
—-——— AYMH
1.2
|
on
=
S
0.9

0.8
0

100 200 300 400 500
BRI
() PSOYRHEQIEAR

B3 PSO-IA 5 PSO RE&EK

Fig.3 PSO-IA and PSO inverse calculation iteration diagram



57 4

TTFRAREE A BT TSR AR 18 TE Ry B T 1) 5 S 3

- 137 -

3.2 PSO-IA RiEST

3 Fi PSO-TA \PSO 3X 2 Fh5 3 X616 1E A1 =5 397 4
PIRERIR A A 0 D 0 030 o i 5 v o A
5%, PSO-IA kY PSO Bk I B s AR o an
Kl 3 B,

PSO k4 Jm 3 R BE 1 ik, fE 2 K 0 b R
SISO BT, R R N <50 B, 38 H FE 500 I

EAR A S BB, Ay DR S 8 37 5 S TR 1 )
FEE SR A B (HR AR B v 2 T FE R MY
I, S R A S A W o7 B R AR R T
Byt , DRI, IR SR AR JEE SR A i 18] _E A7 H
i, LLOF mORKOIROBEE OB 4 (d

(v =x0)” + (y —y0)" ) SF M 5E (K JE, PSO-TA
LS PSO SVE RCBUE M A R X LI 2,

%2 PSO-IA 5 PSO K& 100 Xk ¥{E EL 5

Table 2 Comparison of 100 mean values of PSO-IA and PSO inverse calculations
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