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Study on traceability of dangerous gas leakage based on complex algorithm
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Abstract; In order to ensure the efficiency of response and disposal and reduce the damage caused by
the hazardous gas leaks, it was necessary to quickly and accurately trace the location of the leak point as
well as the source strength. In this article, a method of hazard location and source strength determination
based on a complex algorithm was proposed. The basis of the algorithm was to compare the difference
between the concentration of the monitored gas and the concentration calculated by the atmospheric
diffusion model, and take the difference as the objective function, so that the parameter with the smallest
objective function value was the optimal result of the source intensity and position. The results show that
the complex algorithm can quickly and accurately obtain the location and source strength of the leakage
source. Compared with the traditional simplex method, the compound algorithm has no restriction on the
selection of initial value. Even if the selected initial value has a large deviation from the true value, the

position and intensity of the source can be quickly obtained through the iteration of the complex algorithm,
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avoiding the shortcoming of the traditional simplex method, which has high requirements on the selection of

initial value. A comparison of particle swarm optimization, genetic algorithm, simplex and complex

algorithm is made in three aspects: traceability efficiency, traceability accuracy and traceability stability,

which depicts that the complex algorithm is progressive. The complex algorithm can be applied to trace

sources and determine source strength for continuous and instantaneous releases.

Keywords

dangerous gas leakage;

0 3| &

UEAEK B AL TAT AW A R A T
FOAROC U AL A AR B AW DR, 3%
AT R 14255 A AR SRR K AR AR O T o
XSEE L S ECIETHRE A W =4k, ) i
NBRGT= Y, o fa R AR X 25 T
WP AR RS T o e A D i U P o7
L SR N A= A IV 7 22 A ) T R e

TR A A1 1 6 A T 90 D S o JRR R R, 3
Wt A5 B 10 32 205 R A TR B Dy
fily AL S S AR TR | 25 5 0 T R S AR TR A AR I
WIS R . T, Y B 5 U 3 2 i LR <
PR O AT B e S B P A I g A
Sutton FLHL, LA K £t % T AU FEM3 LA 46 R
T3 1200 B TR R GE T B AL T U A B
W2 A BRI R IR ST B R Y 7
U5 DL A BT 0k SRS R B A T A 4 5 SR
APREEITES MR GE T e U R 1 3 A R
JelBi SR, Z )5 s AR R U B 25 &
WORget, PN HRR AR . 2 T O0 AL e Y 32 2 8 %
JE PO G B4 0 A I v R B TR A 3
FIAReR B PR FH R A0 AR 55 | A 7 11 5K A Juk
PRI ) FAR PRECR (B, PTG SR A4
i RN EVSIER/ S RS VAR RSN V8 i
BRI AR, R 4 A Y
PR S, WE R B ARETIRG, MR
S 2 A A R A R B TR
DRI SR X WAt 1 SRS R AR R e Y
SRS, 38 T 0 e (L SRR 4 ) A e A S A 4
MR 5 3 e — LAl A 1k S B T s DA DR 8 B 7
i 22U K B, T A B IR RCR .
I URNIR A S B A R R D 0 DA )R SR A g

R RTINS A i R AR R P AR T 58 — B B
SR TR WRWIRTE 2 R R I Bt b A
Ftl U, Ja— B B i Jm 3 SO0l 2 A SR vl e G

trace to the source;

complex algorithm; accuracy; efficiency

figt PR B — AN AL, S5 I A B DR 3 S
R (E

BT, EHE WA ME ST, I E R TR
it s B S T, i B e i 0 i R s TR
MCHTIRASCAR I Af P R 9 DA RE M 3 A B o
B AL IR A 2 20 1 U SR | S oy |
Fe 2 Hush E R IR A5 R

1 RS RHFEENGE

T A R S HH U 990 R T A o, R LR
AL Ry LA, LA M0 28] ) b U AR R vk B A AR
HENT SARY BB AL A B B 5 W T A = e ) 2
ZR, IV IR TR 5 R [ B A oy e £ TSR At
Il i SR E A A TR

R 0 U 28 R[] 005 4 Sy 342 46 ks 40 5 A
MR WA IR, BF X 2 Bl d O BRI 5T, 430
SR T R BT AR SRR A6 R o BT A AL SR A A 2 o i U
S PR RO

TS W VR s B R T A Q , T 251 A 45 1)
LB (%9550, ho) M 25 T 0H PR IR AT 240, 25 i) v
O AR R R

C(x,y,h) = ¢

(mo,o,u)

o h = hq ’
{5 R ]) o
o, a,
I ot A VAT 8 TR0 . 2 i) i 2 s
) ST B A TN -

Qo
Clx,y,h,Q,,t) =— ———
(x,7,h,00,0) (217)"50'1,0'}0',[

1(y)’ 1(x—ut)’
oo =30 el -2 (5 |
L((h+h\> (b= hy)?

o -5 {(50) ()] @
K. C(x, y, h) BT (%, vy, h) ZERTHRE A
JER R B mg/m’ 5 x,y, b A W ) A8 ] AR BR, m
Qo it 5 A0 T A BRSR , mg/s; 0,0, 0,
SR BT 1) T B R B w AR BT X




hoE e B o

- 60 - China  Safety

Science

343
20244F

Journal

W om/s;Clx, y, b, Qp, t) NS (x, vy, h)AEAE
T & A= B8] ¢ 5 0 SRR B, mg/m”
23 (B PR W A SRR BVREE € L R
P ST B T LA B 4k A A T A AR R e
Co WHURIRIEAT 945 A oK fif T %) B ARPREL F (x) 11
e/MH.
F(x)=Cf“—Ci (3)

2 ERREZRWIE

2.1 EERERFRERTRE
BEWREZAHLIE A IR 2k, 246
TR R, R AT AT IR N A A S U | W) e A i
FHETIMENESENE—-ATE", B4
SA ) FH G 7 B AT DR 09 45 4 8 52 4 L AT ]
B, X5 G BT 45 T %) B Ar eRE B A L, R4

M, H B A

FA A B 20T X ) 4 TR B BRI N= D+ 1
(D ASHERE) | B A TR ABR G0 16 T 5 1 A
B BB SR AL W PR 1 AT

1) i RS 90 25 ) A s SR 3RS 42 2= A ]
(N F BRI ) A B 3K

2) TEMUE IR A A A R iR 2 S TE 1 N AT
A LA, AL A=(X, Y, H,, Q) B,
Yo, H,, 0, T)o

3) RAR(3) VEN B br s B, A4 T H s o
BUA f(A) AFBVBAF A, J 2205 A IRZEI A,

4) Wi E bR B 22 KUMRIA W IR SR IE L LA,
AL,

5) BRI R, IR BN R, 0] 522 U R
SEFRIT AT R . EHE A, 5 A, TEE IR
BN A, A, FRR A ST A, BIRGTR

A, =A, +ref(A, —A)) (4)
A vef R GTHF, — M HUE R 1. 3,

6) H5 A, A, A A, JUA SACA HAR R ECR 15
FREH , AT AEH BLLL T JLAREIE .

D f(A)<f(A,) s @F(A,) <f(A) < f(A)

@A) <A< f(A) 5 @F(A) > f(A)

7) MRAEARI RGO 85 R4 K ¢ 5975k
F e HiEMRE BB RN E G, HEH
(52 G T4 T E b bR SR /DN K B/ H AR bR
BUEARN LA SRR AT T2 755 2 B 1 2R 2%
o AR LY AAAT, EARAREE | BB A iU 2

YR FE ST, it 2SI B bR eR 8B B/
AIIRAN TR Y S8
JEZEHF ¢ 59T e i HUE B 1252 mi i) 5
SRR S UERE, PR BT T ¢
Helt— Mg, c —MBEUE 0.5, —MBHUE 1.2~
2.0, M¥EEE AT AL IR S W E
O AT E R R 46 T S sk I e, Bk
mr
¢c=0.56 (5)
e =26 (6)
L ee Rk ARG 6 S E B, G B BUE A 46 K
¢ FYIRH T e WIHRIERR, BEEACRE 3G, H
[EBZSL ¥ VAN @ L) @il e Y = =R A= A7 K
W4 R R BE T, IR TS S SO S O A )
R, EHEWETIEHRRNE 1R,
| THE T
|E&W%%ﬁ%mﬁA

| e 4 A A |

R, B2, WA

W BRI s

=~

=
|l AL R R T AR 2
R ATY
SR £ 4 T M

1 SaREFHTERE
Fig.1 Flowchart of application of the composite method

BT R B4

2.2 EEREEWE

SR 5 UE A2 5 T SR s B A=A Yl A AR 5 ) T
ik, w2 Mt s, Oitls 5 1, RIZAE
TEREHIE 0 — A 3% 22 eI U8, 25 [ Ak 45 R (10, 5,
3) 58K 10 000 mg/s, K K 10 m/s, @it
St 20 ABRIRAEFT ) HI (8 — A gk e i O U, 5 1) A
FroA (10, 20, 3),JEiEA 10 000 mg/s, XUEN 5 m/s,
3 AR o 3 K P4 IR Y 5 v BT A A B AR AT 4D
Tm¥se 1 Mg s 2 SR HOs ik B 55, 1
I e R B, R B 0 2 A T vk
TG B AT U W DR U A A

FIHE G IE LR IE 1k 2 Mw s =, Tk
iR F ¢ 5P KEF e BUEH A (5) M (6) T4,
VIR E ATE TR N 430 BUE 40 5 50, 3 A i
¥ 1 Mdgse 2, s i 2 1/ 3 iR,



SR SCAE BT R A LR B G B A B DR TS

3 /m

XA

w

200 300 400 500 600 700 800
BRI
(a) MR T APRXEA L

YAEFR/m
[38] B

-2

12000

11000

)

210000 -
£
S I
& 9000
E

8 000 H

7 000

700 200 300 400 500 600 700 800
AR
(b) MR AL ARAR YRR 2

T -

0

100 200 300 400 500 600 700 800
R
(d) HER RIRSROEA L2

2 ittiRER 1 HIRER

Fig.2 Traceability result of leakage scenario 1

6,
5_
4_
£
5|
g
2_
1_
N
0 100 200 300 400 500 600 700 800
HEARUE
(c) IR A ARPR AR 7R
140
135
13.0
£125
l}é
#Hi20
15k
1ol
105 1 1 1 1 1 1
0 200 400 600 800 1000 1200
ERWE
(a) VIR A ARBR XA R
45;
40
§3.5
l}é
.SH
T 304
25-‘\_'—,\W
20 1 1 1 1 1 1
0 200 400 600 800 1000 1200
EARWE

(c) MR AR IR

22.0
21.5
21.0

20.5 1
£ 2004

S

éﬂ 19.5 K
19.0 {
18.5H

18.0

17.5
0

13 000

12 000

s

PEERO/(mg
el
(=]
8

8 000

7 000
0

% 11000 |

10 000 H

6(.)0 8(I)O 1600 12'00
BARIREL
(b) MHERE pARAR YRR 2

200 400

200 400 600 800 1000 1200
EATH
(d) MR RIREROEANE 72

3 iR = 2 WIEER
Fig.3 Traceability Result of Leakage Scenario 2



hoE e B o

- 62 - China  Safety

343
20244F

Science  Journal

MESIEAEFWER S5 1, BE40d 727 1]k
AR A B ITRSE R (9.9, 5.0, 3.4, 10 047),
B SO VR 152 22 (6 Sl 45 S 8005 S R 25 1 A
w, A,

W= [(X, -X)/X_+(Y, =Y )/Y +

(H, -H)/H,_+(Q, -0.,)/0,]

WA UR 25 R 5 S i R R4S B (10, 5, 3,
10 000) FIR2EH 0. 14, BIHFERK A 0.35 s, i
BT A IR IR = 2, Bk 4l 1022 ikt
BB INIRAE 3 (10.9, 20.1, 2.8, 9 712) , 5 E
SR U JR A5 B (10, 20, 3, 10 000) AYiR 25K
0.19, BHAERHK R 1.20 s, XFH IR 5 1 893
TREE I IR ACR SO A TR AR , DR A 0 Vit

*1

oSt 2 W T —AORAg S8 T, IR AEE A P
e,

DA 2 At st o3 5wt iSRG SR 5 S
RpER R, TR R RSB R R
Tk V5 R M R [ 52 S ()T FE D, ik
FEMELRE R PRI EOR . B0E T AR SIS R N T
e B A s 99 5 4T ) T A T
2.3 ARHEZERE

SR8 IE S TR B A e A T 90 90 Y 3 A
LSO R B U By S AR 3 RPN U ol RPN LEL (VA RPN
SEOUALSVE IR FIREALAY 2 SR 5 R A A%
S DR 2R 14100 2 1 9 D8 T ) B 5 512 g )
JRRES AR IR 1,

ttmnRPIRE R

Table 1 Traceability result of leakage scenario

YR 7 1% TR BALRL IR TR —HRaliE BAHWHE
EIEGEIERTAE Al Al Al Al
FERKE. 1 2 20/50 50/100 120/221 900/1022
W] /s 3551 .2 0.62/2. 12 0.19/0. 56 1.11/3.32 0.35/1.20
LS 9.8,5.2,3.6)/ 9.3,5.6,3.3) / 9.5,5,2.5) / 9.9,5.0,3.4) /
WU B/ 512 <(10.5, 21.1, 3.>3) ((10.8, 21.8, 3.)4) ((9.5, 20, 2.)6) (<10.9, 20.1, 2.)8)
JE5R Q/(mg.s™') 3HHF 1.2 99 63/9 952 10 489/ 9651 9 873/9 893 10 047/9 712
s & AL BT ] 77/ 2 e 2 14. 1 15.5 14.3 15.2
PR R ZE/ % 5 1.2 24.4/27.0 35.2/37.2 23.0/24.1 13.7/19.1
Rt gs1.2 0. 85/0. 85 0.6/0.6 1/1 1/1

M 4 F AT IR 2 AN 3 5 0 45 3 AT LA
Je B, AL B R — i 5 T AR ] AL
LTI AR I )R b | SR I SR T R TR B TR
BORLTHE LT BT AR A [ B 2 . I RAS SE 1R
oM, 220l A S R AL IR R 7 5 P RE T 4R
PR i i . R R SO Rk AR e PR A
22, WUIIRHERR LT, S A R S0k 1 B DR 22
/N R TRERIMIIRR 2 iR, 45 G IIRACR R
HERPE S IR E N 3 J7 Tl % 8 TR 4 FhEA PR
BRI RE ) et

3 & it

1) ETESIEF LTI, 9IRS

YA B D R AN SZ AR 1 U B R
2) fEE MR ZOR A, A RIL AR BN

YA b S B 1 s DA 6, XA IO X K 1 L 1 9
DRI A AR

3) SAIEIRE I T A B <A T 9 90 45 s
Xof i 2 i U e s s 48 A B A4 9 D5

4) BEERMSBAHN, AR R
LAERVEA T RS R ARk A B )
FUREAR Gy L T T B0 Tt T 90 D50, XoF T 22 A DR
AR )T, 1 P A2 5 T SRR A T i, L
ESCUINNGS

& % x #t

(1] EHZR, 8@, 8,5 gmRSEMNSESZSEESUXMNGLI]. PELZENZZR, 2023, 33(2):

194-201.

WANG Yihong, ZHAI Yue, LI Yan ,et al. Risk assessment of steam cloud explosion accident in city gas pipeline



%10 4 SR SCAE T A B TR AR 10 G IS M TG 9 DRI 5 - 63 -
network [ J7]. China Safety Science Journal, 2023, 33(2). 194-201.

(2] JEREMIC J, NEHORAI A. Landmine detection and localization using chemical sensor array processing [ J]. IEEE
Transactions on Signal Processing, 2000, 48(5) . 386-395.

(3] CHOW F K, KOSOVIC B, CHAN S. Source inversion for contaminant plume dispersion in urban environments using
building-resolving simulations [ J]. Journal of Applied Meteorology and Climatology, 2008, 47(6) . 1553-1572.

(4] BERA B, BHATTACHARJEE S, SENGUPTA N, et al. Variation and dispersal of PM,, and PM, 5 during COVID-19
lockdown over Kolkata metropolitan city, India investigated through HYSPLIT model [ J]. Geoscience Frontiers, 2022,
13(1) . 291-302.

[5] PORAT B, NEHORAI A. Localizing vapor-emitting sources by moving sensors [ J]. IEEE Transactions on Signal
Processing, 1996, 44(4). 1018-1021.

(6] SOHN M D, REYNOLDS P, GADGIL A J, et al. Rapidly locating sources and predicting contaminant dispersion in
buildings [ C]J. the Indoor Air 2002 Conference, 2002 . 211-216.

(7] SOHN M D, SEXTRO R G, GADGIL A J, et al. Responding to sudden pollutant releases in office buildings: framework
and analysis tools [ J]. Indoor Air, 2003, 13(3). 267-276.

(8]  CUI Shigang, GUANG Mingzeng, FAN Liang, et al. Simulated annealing algorithm based single robot odor source
localization strategy[ J]. Applied Mechanics and Materials, 2014, 494/495. 1286—1 289.

(9] KEATS A, YEE E, LIEN F S. Bayesian inference for source determination with applications to a complex urban
environment[ J]. Atmospheric Environment, 2007, 41(3) . 465-479.

[10] ZOU Yuhua, LUO Dehan. A modified ant colony algorithm used for multi-robot odor source localization [ CJ]. 4"
International Conference on Intelligent Computing: Advanced Intelligent Computing Theories and Applications with
Aspects, 2008: 502-509.

(11] SAXENA N, NATESAN D, SANE S P. Odor source localization in complex visual environments by fruit flies[ J]. The
Journal of Experimental Biology, 2018, 221(2). 1-15.

[12] g BERE-ENEREEASTIRPORBREMRLD]. LR HRILTKS, 2009.

CHEN Zengqiang. Research on source-strength inversion of hybrid genetic-pattern search algorithm in gas leakage [ D]J.
Beijing: Beijing University of Chemical Technology, 2009.

(13]) KX, TIEE, NE, T ETESIRIE-Nelder Mead BAFELNERLUERE[]]. RALREBILS
SRR, 2011, 31(8): 1581-1587.

ZHANG Jianwen, WANG Yuwei, ZHENG Xiaoping, et al. Inverse calculation of source strength and position based on
mixed genetic Nelder Mead simplex algorithm [ J]. Systems Engineering-Theory and Practice, 2011, 31 (8):
1581-1587.

[14] X#p, 78, BY, %5 BESHEN NSMERRIBERREHARI]). PEZENFZR, 2022, 32(7):
98-104.

LIU Chang, SU Teng, ZHOU Ru, et al. Research on inverse calculation of gas leakage source term information under
modified Gaussian Model [ J]. China Safety Science Journal, 2022, 32(7) . 98-104.

([15] LUANGPAI BOON P. Variable neighborhood simplex search methods for global optimization models[ J]. Journal of
Computer Science, 2012, 8(4) . 613-620.

(16] NELDER J, AMEAD R A. Simplex method for function minimization [ J]. The Computer Journal, 1965,7 (4):

308-313.

EE® . KA (1969—) 55 bt A i 2, 1A S0, 22 A5 ik
T2 5 L TREF PN, E-mail : zhangjw@ mail. buct. edu. cn,





