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for leakage of VOC hazardous chemicals
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Abstract: In response to the challenges of weak features,poor visual saliency,and variable morphology of Volatile Organic
Compounds (VOCs) ,a high-precision gas leakage spectral video recognition algorithm based on time-space-frequency joint
denoising and multimodal disparity matching model is proposed in this paper. Firstly, the high-precision identification of
VOCs is achieved by mining the intrinsic information of high-dimensional time-space-spectrum data,and then the interpret-
ability of traditional methods is organically combined with the powerful representation ability of deep learning through multi-
module cascading joint optimization. Finally by comparing the proposed gas leakage imaging method with international ad-
vanced gas monitoring equipment Sencia and Rebellion under the same conditions, it can be seen that the proposed gas
leakage imaging method improves the accuracy of methane gas identification by 46.25 % for low concentration,and reduces
the false alarms to 1/3 of the original one,which verifies the validity and feasibility of the proposed algorithm, providing
strong support for monitoring hazardous chemical leakage in the petrochemical industry.

Keywords : leakage monitoring ; recognition algorithm ;deep learning; hazardous chemicals ; petrochemical industry

EEWA - [E 5 H A M U IT % 50X BBl 5 Pl 52 90 H (No. 2021DJ6501) B 1 o

EF B EHEA, 2, T )s , Nl a2 bl MR B AR BIFSE . E-mail :648809025@ qq. com
BIEE ANRA, 55, 1, F2 2l O I B A AR E o E-mail :944812680@ qq. com
s B 8#7:2023-09-27 ; 1&1T H #5 :2023-10-16



W% 5 41 4 No.7 2024

EAEARSF  VOC fE R b b iR e R 3wk 7 1091

13l &
R fh TR A5 BUAT R T R R
B MRS RE TR 1L TR T A 5 5 %
S PETIR SR R I FREOT R, R
AP K 5 A
G, PR R b o 2 7 2 e
60 % LI L. BLFRIETT 1, BUF KA K 1100 %
£ S 2 77 RE 45K A © T
SIS T L MU 3 T AR L, — ELik
AT B B O I TG 4 6
BRI T f AR, 2 9 DK LA A
“7.26" K HHEALS. 177 KT KHERFHE“6. 30"
MR RIS ET 6. 57 A S5 i Rl
15 2019 4R Sk g BRI L 12, 117 Wl
BRI, FF L A B AT, 5 A T
S 2010 FFAIET. 16" T
i 7 AT AL X VOCs f Wil £ 101
R R P DL T AP
A B A R e % R
(CHVFF5E) Wl AT 58 5 XY TR A7 B )
W 5 S 3O, ELAIKEE i RSB I
Wl Tk SILR IR % 7 ReiE L%
SRR . AR I TR IR R
ISR L 5 BT 5, 9043 5 74 KL
Sy HECHE A T S BB S Ko T
flo S RERTE S R o i H i ok
PR T A LTI FFR L5 4
PR AT TR 2 N R AT
Ak PR R R U R T
BRI S RECRIE L RT3 TR
AR 8 AR T VOC i 1l M
S BE SR 7 5 BN SR T
Ko B AT 5 SE R IR S T
SRASCH IR T

Sptial Domain

A2
A -
Wl

A A LT 1Y

Datacube continuous on the timeline

Time Domain
1 U - %5 - 38 PRl RAE S A HE R

Fig. 1 " Time-space-spectrum" collaborative representation algorithm framework

e ( ]
» Time Domain U e
Kalman Filter {
) \

2 BRESHMRELERTRMNEE

EEXF VOC SUARRFIE SR 5 55  IL 08 e 25 1k 22 P
SZRRE BT T - 25 - Bk 230 e 2
AZEVC I T7 % 38 2o % B 23 35 19 TR 15 8 HEA T 41
RS IR, I AR s 3 i g R A 7 e itk
FTA AR SHEH , FRARIRE A I R A2 2 B2, sk i
251k RS i SL IR RAE BE 7, N4 5 2 BOY:
T AT IR H AR URPRG BE S30R
2.1 HEFEEr

PASG IS A G i A 0 A 2 Ry Bl 2555
TR B %, Bt eI o Ak e 1 B
MRo RTHRIAREGRFSE e 2 b, il iy
FEAESEPUE LS B bR A -5 1 SRR 20 A HEAT IX
SRR, I i A AR VG R IE K e R 1
SRR B ICIZ AR A O RIS 5 75
ORFAEZE 57, A—Fh ettt e g i il e e 2 ~J 05 5
FERY — 28 — SR TR USRS AL B, M X i 25 25
MRAIEREA T 2 O S 42 0 s AE A T I AR
SPEBUABRATHOCTERE , R 4E 1L 25T CR I
orfE R NS B 5 B R R S 22 e
SKAVIA B B 24 B A B A5
BSE AR S, BV AT TR B 22 R 2527 ) B
AT A ] By RIS AL (A AR AE— R
TN , 24 H AL S IR AL AR 47 3 5 I
RIVR] R T A el DR 3 DX, DA T S BB 2 2 ]
SRR TUERE Sy , R R BRI T

AR PR JEE i 28 I8 4 o e 3 i kR B8 kA 40
B, IR — 25 - 3% 23S 1 L [ RALBETT , LAR
FDETEAII AT 9 H AR IR BE 5 8503, AT 52 B
ST B SR e B S L, SR AR
FERATSEZIUE R o O T AR A 22 R 2% A I
B AR ARHIE , 16 e W] B TR R Sy,
O SEARUR D TR LA AR 45 A 2 1) 67 B A 1R R
BRI R T 22 ISR TR

It \
Frequency
Domain
| Butterworth Filter
~

| |
|

Ng(c(),z,) g@@,),g,)




1092 WMot 5 a sk

554 %

2.2 FIHRE R &R BT 7 E AR o AR AE
WAL B IR A ) M T 4%, 25 AL
BFSIEIR LRI Tt BUEN 7 ~ 12 e A
BRI PR (1,11, 1) &t T
SRAEBE RO I 09 R B Y 28 R AT (F) L F,  Fyyoee
Fr) 9 T ORE— @ i e 5 8 1R R R 2% T
SRAER B O 4, W X AR R/ H x W
i, RGN 2 M 24 3R IR I Fy 4B (C,

ALY Sk, € g T s i th 2 P 3

TR G
2.3 BEEAiHANET
P ST R R g — 2 (B AL B AR R S
P FRHEEE e — R AL R, R S R R
1B H PR RE R IR = 0 0 A o B ¢ TR B I 2
TR Fo AE (o, y) B R IIE R F, (x,y,0) o T
Bifi 2 AL L1505 5 (R N B s BT R S50 G AR
TH, B O [R]85 8 280 G A ARl R, Bion]
PR BE 28 R AE B 1) B S T R 2 8 G eom ol =
A Ly, R ME G, (x,y,0) T2 G (x,
y,t) BRiEZE G, (x,y,1) o TEIRIE LSRR &I H]
B BT TR AL ) 2 T A AR AR R AIE A AN 3 AR
i« B TR AL G Ak R BBl 2 BB AR B mask |
B R TR T SR = AR
2.3.1 B HATELR A A
B TR G ) h Ak B X IR B A R R 4%
FEAME R AL F X B T B R S G AT R IR Ak,
WA (D) FiR
G,(x,y,0) = F,(x,y,0)
G,(x,7,0) =0, (1)
G,(x,y,0) = oy,
Hrp, F,(x,y,0) FoRWUm EG 751 o i 568 — 5k 1K
BRI E B TR SE BRHE FS T (x, ) L B AL
FRIE A, o NEEG RV 0, = 0.1
2.3.2 KBTI HIE mask
I 265 FR R 2% 2 ORI 52 A RS R TR B P 2%
FREE Fop AR5 2 mUR R IR MR FREE] o2
TE e ST AR A 1Y) 31 B o, 2R PR v ST AR Y Bl A
BRI mask , 41 S ACTE R mask [{E A True,
P2 B v SO A R AT S B SIS mask [ 3R
PR3 LR Y HT I R BB RRARAE F, (x,y,1) 585

WA G, (x,y,0 = 1) BEATHIDR, A3 5] — I
1 x 1 PS4 AR B 22 00 AL, B 25 R 5 By S
BT 28 G,y t = 1) FEAT HLHC T H) BT 45 Ji
mask , BBAENE mask 75 ¢ W20 (v, y) 7 B R
{HFR A mask (x,y,0) S JTHREAAT
mask (x,y,t) =
True,Average,, (F,(x,y,t) = G, (x,y,t = 1))
<AXGo(x,y,p—1) (2)
False , EAth
Hpr, Average |, (AARTEMIBE JZ T 1 x 1 P2
b, A =25,
2.3.3 ZHEHMBALSK
BT A SRR A A2
G,(x,y,t) = (1 —a) xG,(x,y,t = 1) +
ax F, (x,y,0)
Go(x,y,t) = (1 —a) xG(x,y,t —1) +
a X [F#(x,y,t) - Cﬂ(x,y,t)]z

Gu’<x’y’l) = W G(rz(x’y’t)

(3)
K, o FORPEIRBIER R, o =0.1,
2.4 RABHBANET
TR e SRS 8 f A SEUAEUR: FH 221 v B 7
F—ATREE SRR F AR AL E AL, (1545
RITE RS s A G HE, TR G s ik
P SEA AL IRANT -
2.4.1 b HAELAL 6 T S
TR 28 RRAE B B MR R 2 i 24 s AL 4
B
P(p) = {116, (s,y,0),,6, (x,y,1),,
G (x,y,t);]t,i =12, K (4)
Horp K FRomii A s s ) v d £ BSR4 8, —
MAE3 ~5 ZMA], G, (x,y,0), B i Ay

K
HRUE WAL Y G, (v.y,0), = 1, ADEAA G,

(x,y,0), JH G, (x,y,1), J5ZE G (x,y,1), HiiE

— TR

2.4.2  FAAHOEH T 3 A AT mask
Stepl : ANARHT LA R 1145 Fe 91 o 8 T T

£ g R AR B AR (x, oy ) A X TN 2

Average,,, (F,(x,y,t) - G, (x,y,t = 1)) < A X

Gyt = 1) NGEH R R Sz AL, 3 5 5



W% 5 41 4 No.7 2024

EAEARSF  VOC fE R b b iR e R 3wk 7

1093

BRI mask 7EIZ AL B BCE N True, #EA Step2 ;
B E N False, #E A Step3

Step2 : & 1F 5 114 R VT FC Y BRASE 7Y () BUAH, I
BEHN: G, (x,y,t =1), +a(l =G, (x,y,t -1)) ,
BB R dw = a- (1 -G, (x,y,0-1)) o FEA
Step 4,

Step3 : WA TR L M5 AR AE KT R R A SR G &
S R A ] — I B e ST R TR DR R, U g PR 1
H07% 1& QDY A B Y A 8 H Ak B AR i o8 H
I 25 B 2 i 2 e T R AR G vh M S N B
BEARY, A 5 i A B B B VE B Sort _key,

cw<x,y,t; L F T Sort _key HEATHER

Sort_key = G(it
o x’y’ i

N
TN AR AR Y G, (v,y,0), > T,
=1

DN PR B IX N A B S IR T, =0. 75—
TR L ST R R A L 0. 001, 34 {E A
BTG IR LGB A9 E, 7 22 0 20 78 Y BOR IOEL
(IR A0 i R B T R A T HE R, I it
BR AP ) BB N R

Step 4 : AL H I — 1k, $— U 25T A5 AZ LA -

Gw <x5 7t)i NN > e
Go (w,7,0), = = Gl 1 x LB BIRHA

Z Gw (xiy’t)i

i=1

BEABURAAE 14 w8 B 5 22 SRAE R AT $2 1), 15 21 23 1)
(Spatial ) BTERE SIS onion » I JEIE TR B 5 B
MEE] Fp 725 (B 2 B2 EAT AR , 15 21 25 Sl 5t J5 70 7R
JEBBUFAER F ™ IS4 5% R AR

Suenion = Convy ([F,(x,y,0) = G, (x,y,0 =1)]),
{FT“p“*"e =S x F,

(5)

3 BERMREITA
3.1 FHEHEER

XA G AR PUN S TR A5 Tl e
AEAN I ANERE B IRDEE , T R T TR FEE 2~ 14 e A 2
A T IR B AT T S -
25— TR B KM X5 R, 7R A (] 295K
ARSI AT LB R I, R AL G ik
PR, SEBUE REAL M IR, -5 [ P S e 2 AR 7Y
AN T REAT R 2 2R X L, LR FEA TE
4.

3.2 WHETERFR
AU AAF BL & 1000 ppm + m 5000 ppm -+ m,
10000 ppm - m,20000 ppm - m 25 24> A ) ¥ B2
HGER AR . [T A — 2R <, - TS R
Horp 347 ppm - m [E N I =L x g, TR
AARUESEL, L IR, gy ppm WRIE . H B
BIRM 22 Tl N 4 m AT B DGR Z AR
W30 JCRHAY
3.2.1 KM BE & e BB T ARIR £ MK

FEFR B8 I 25 22 %8 ST FF K FE B 19 10 m
30 m.50 m & ¥ 1000 ppm -
10000 ppm + m 20000 ppm - m V& FF i B A bk v <
P AT A U o 43 ) SR L BE B R AR R
B E], 4% IR (6) TR EIR 22

m,5000 ppm - m,

X - X,
AX = =" x 100 % (6)

e, X OB s X, WARAHRBEN.,
3.2.2  RIRAMIRAR Al

FESE A 30 m 37 B R e 48 SR ifE ST T
DU, AN BRAR T, 0 SR R L (1822 0 [0 B [
3.2.3 T se Ak

SR AT H OGS (ko T IR ) 8 A s
W% 7 32X, ARSI BB O TN 25 55 45 1 R s A9t
THihE

1) 5 G < 2 R I R K BH % T 4 B, 8 % TR
SO I 5. DICHT A AR F BRI 5 22
BRI, FE L S AR IS iR R (5
%o 20000 ppm + m AR IS TCE 7R R B4 e
SEFFZRAFREES 30 m Ak 5N B3 5 FH B 3 i 43 BH
o 55 6T HE BT BRI, A U 43 )i i
ANE T 7 P ) (R 22

2) M2 RA:H RS RN MR 4% TAE
W5 o MaCHT #5725 4 R U0 B 43 22 B2 L,
e L S B IO R JE , BMGER R E IR,
20000 ppm + m AR E ST TE R B840 %6 ST FF K
SRR ES 30 m Ab AR GG R ()G, 76 BE B AR i A
TR ZR s — M0 1.5 m {37, SR FH W88 X ' s 1k A7
T, ABEADLRR AR s 00 % 35 4 PR RE A I

3) PRl F B AR 2 L HE 4 48 0o 5 b T R
SEHL T RGNS TAEM 7S RS &= Y
e B IH 3 2B i, 76 L S I IO RR S IS



1094 ot 5 2 s o 54 &
B R AN EIAZ . K 20000 ppm - m IARAETHE ATOKSPBEES 30 m Ak, AR RD 4G R E S, AN L —

TRCE A B L AT /KPS 30 m AL USRI 4R /R
TEE s N LA — € WA SR 2l 223 ST AT il i, BRAUL IR 30
XA PERERY R o

4) MR BT N ISR R T A
BATRERCE B A B AR R T AR RN A8 TR R
Yyt o MAHT A5 7 b A0 A% 45 MR Ud ] 45 20 3 9 1
TEIE L 58 R TR AR E A, A e s fE IH
H¢ 20000 ppm + m F¥) A v MR B A B 4R ST

TE MR AE M AT A A SO 0 5 A 1 e
I RE I o
3.3 WFEER

F1R2 KB 2 B 3 0 B T AR BT Y
e R PEE AR T s O 1 AR S B 32 A ) g e 2
B TEAN R TR AR 5 T G A
LT YU ARG R, 5 ] B S R B0 2% P9 I A3
FTGHEAT T RIS AR B o

K1 Az A EREM#E M R00 F & (RN FE B
Tab. 1 Gas cloud imaging gas detector test record ( detection distance )
B E AP BlEw
el /ppm | HHE/m - -
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10 1000 0 / / / 0.5 / / /
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50 / / / / / / / / /
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Fig. 2 Detection range recognition effect of 1000 ppm
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Fig. 3 Detection range recognition effect of 12500 ppm

[2022-06-31 16:48:14

()30m ()50 m
4 HEEE B RAIACR @ 25000 ppm
Fig. 4 Detection range recognition effect of 25000ppm
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Fig. 5 Velocity limit capacity test recognition effect
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Fig. 6 Anti-interference test
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