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Research on infrared imaging technology of gas plumes based on
the Vibe Gases algorithm
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(1. School of Physics and Optoelectronic Engineering, Hangzhou Institute for Advanced Study, University of
Chinese Academy of Sciences, Hangzhou 310024, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China)

Abstract: When a gas leak occurs, it propagates through space in the form of diffusion, typically forming a gas plume
with dynamically stable concentration near the leakage source, which appears as a quasi-static region in infrared images.
This characteristic often causes reduced detection accuracy of conventional moving object detection algorithms in these
regions and makes it difficult to obtain the spatial concentration distribution of the gas. To address this issue, a Vibe
Gases adaptive threshold detection algorithm based on the background subtraction method is proposed, which introduces
improvements in two critical phases of gas plume imaging. During the foreground extraction phase, a foreground
difference matrix is first constructed through gas detection logic and subjected to two-dimensional frequency mapping.
Subsequently, the optimal threshold for separating the foreground and background is calculated by fitting a difference
distribution function using the least squares method. In the background updating phase, a signal matrix of the foreground
gas is established and processed with two-dimensional frequency mapping. The primary signal range is then extracted
through frequency-based high-pass filtering, followed by delayed updates for pixels located within both the gas region
and this primary signal range. The experimental results of infrared detection imaging under stable gas leakage conditions
demonstrate that at a distance of 20 meters, the detection accuracy for ethylene reaches 91. 0% with an Intersection over

s H # : 2024-09-10, f& 3] H #1 : 2024-12-11 Received date:2024-09-10, Revised date:2024-12-11

EE TR RESUE+XIF & L1 (2024C01126,2024C03032,2023C03012)

Foundation items: Supported by the Zhejiang Provincial “Jianbing Lingyan” Research and Development Program of China (2024C01126,
2024€03032,2023C03012)

{EHE BT (Biography ) : #44% (1994 — ) , B | BEFGPE 4 A, WA, £ ZEF 98 Ak R 2D/ E L FRMIEE R . E-mail : 642893926@qq. com

"B if4EZH (Corresponding author) : E-mail: liushijie@ucas. ac. cn



2 AN/ RS9 S g o

XX &

Union (IoU) metric of 89.4%, while at 5 meters, the accuracy for detecting small leaks of sulfur hexafluoride is

81. 3% with an IoU of 80. 7%. The algorithm significantly improves the imaging quality of gas plumes, enhances adaptive

detection capabilities across diverse gases and scenarios, and effectively extracts spatial concentration distributions of

gases.

Key words: gas leakage detection, infrared thermal imaging, foreground detection, adaptive threshold, frequency

analysis

51

Tl

MG RN A B A 3 3 A AR o3 7 R
R A 2T AN B WSS P SR ARG I AR, ) I T
Tl 2 4 W I PR {5 B A 0 A 2 74 A2 I A
sk, T UL A R i AR A I AR
FELLAHMAI AR R ] 8 AR BO G IOG IS L
A (Tunable Diode Laser Absorption Spectroscopy,
TDLAS) . ML T, #shLLAMRIN AR HAT 3%
DEH : — 2 B A% 0 I B A 0 A itk s, AECHE K 21
ARG, o ARG IR HS T H bR X — R
£ NS (AR INEITE Rl B2 L R NS B i I RS
Whi.

1 T LLAN M A b A e o s EL IR
B AR, S BUES 1 R Z R X 5 A
R 2 TR AT U3 A A A AE RN 28 [B) 20 AtT o I
Hb W I URE SR R R R 5 B R A AR
B U HGR TR 2R SRR, A I R L 1Y
LU AR AT BE 23 OO B 55, DTS2 0 X6 1 T
LB AR BE B MERA I W . AT, ZE AR5 b s
FIHE IO P B A PR VL L4 & iR B A8 3
ST W OGTE UARE S B &
WA G G WE] 22 00k B T — Rl T R AR
Br1E A5 # (Scale—Invariant Feature Transform, SIFT)
IS E=ACIE )N (Support Vector Machine, SVM) i it
T R = A AR AN B I AE 10~150 m 3
Pl A A T s AR 2 AT 0 2R T 38 1T 36 92, 5% 9K
1, BT U0 SR a5 A B HL e LLAE 56 & i 52 R 37
S KK S W R AR Ty o R AR
YOLO BEHLEER F 82 T —Fh 44 4 GRNet (I £L5ME
22 ik X AT A0 R0 28 A A B RS T A A
SRR, SIS R R W] AR
4] SF- 357 465 00 4 B2 38 1) 94 90% . BRI, SCH A K
B s G 1 Z R PR, DL R AR AR AN ] PR 558 254
TR e, eSS R T R TIR G
s BB AY ARG L BE AR ZL A P A5 M P A6 DU
B0 ZBEIEREA SR R R D AR IX el s T

A R, 08 2 HoA Az Zh W R 0y T4 . 4R, ik
Yo h—, Hi= A T A4 s ok R
BbERE.

2018 4F , AR EHL A F] CFD BAPL 45 RBFSE T %
PR ARG T M e S AR B FORR I, B SE TE A AT
TIRRGFA T B BESRM Y BORHE . BLs R &
B, PR Jo o0 o YR B2 7 25 (] DAY 2 B 2 i s 05 o Ve
FAR B4 50 A RRAE , ELAG B8 DXl e ARt s i) 2 5 K
Ko B s O3 T FLUENT X KRS 1 i it
T AT T BRI, 48R T AR I T o e v i 2
M Bh ARk . BT & B, B e v DA itk v 0 )
A28 7 3 U 5 00 30 IS )X B 858 v R e R R A 5
Mol S 2, {H24 5 0 Bh s, e X 20 mois B DL
SR N E R R o - W = N AT Y

AR BRI 2 A I A 1 <
A 3 P BT D R R S 0 AR R R T s TR
SEEO] 22 R T, D AR R a2 T R i
SRS, oAb, IR A AR A A A A AR e ) T
Aab S S 4 5 A X3, X L o e A i T U R )
SRMEE . BT SRR AT R E AT RS 1 =
A3 R, A LB R 2, A AR 5 ORI A 6 R K
TR SRR — ), AR ST — R T S
O [ 49 7 A ARG 000 S A0 9 3 o X S A U
SEECH AN B BERO AL, Sk 2 AR TR AR G T i R
W PE A A I AT AL AR o A ERLE A RS S B
T, BEAS I Tl bel X Fp S 6 B AR 5
ST B ) 4 KA T 2R

1 HERE

1.1 EBERRE
SRTEARRI AL T IR 2= 55 W3, 7F
GBS vt N1 B Ea ks BeaiiE g RN Srep g il
PR 2O H B, AN Y 1 S BE )RR T BRI ACR
AT 3 v Y AR 2 st e MR T A ARG Y 1 0 AT
REDI AFREEMES o A, 5 BA NI IR Yikis
BlIANTR] A I 7 T U YR O 30 1 AR T e 2 1) 2P
WAL () s o ELLAMER Y, AR X,



XX 11

¥ YR 45 FET Vibe Gases Bk BB LD AR B AR 5 3

3 H T 43 oAy it e U5 A ) AL DX 38K b ] Bl XA
FERRY B DI . AEASE W OO, 1E U DR 3h
DX R B2 3 AN s R A AR, e ML s Ay
TE AL 3 M I, AT 4 i s Y58 B ST L R
B DR AT 55, TS BRI R T B, e 1
(b) itz o BRI, A SR o0 8 5 2 43 B30 vh I I 5
A6 DU 5% SRR AR AT A X PRt

ARCHEH Y Vibe Gases SRR B e —Fp L
THRESENBRREEIWED: . 2HETFEQ
FESAS B ER 43+ 15 e S A SR AR
iS5 22 40 RERY H S AR SRR L . RS
HUESZE S/ 1S B i

GEs - R e R SR A o i
R, X TR R AL, BT AR AR AR 2 K BE (AR T Y
23 [A] 3 A R B AL BRI 3 N TR R G0 16 Ak
BRI S,

Hr R I « 1% BRI AR S P A2 R AT B A 7
SFESR ARG TR TR R (A F A2 R AR BRI A 4R
XS I A AR 3 B PN A T DC IE 5 5 DG B0 T 8805
o/ NCBCE, WA E 2R R T 5, A I iR

AR« T2 GE T R TR SR R B, 2R AT
B2 HRAE (K R b P (B 0E ) | IR 5t X
T AR S A R AR AE TR (AT N
) s A5 R0 SRR B0 TR B, WU fih e 2% 53 A5 A
E{E SR R

I 25 40 A0« Bk 2 o7 BV BB Ol — it Y &
BAAE , IT 3 E — A B B R 7 T3 — i &
Bt B B BV 1 22 20 FE B b Gl AR R )

Background Prospect
-- p—

The last three

frames Difference Matrix

— ]
;, Frequency

mapping and
o . A
." : high-pass filtering

Signal Matrix

B2 SRS A R R

Fig. 2 The overall process of gas detection and imaging

: Co )
Aok -..d Threshold
maj g :
N ;‘)pmv ?n‘ calculation
functional fitting
Signal range ‘ Background

Constant current zone )
— = Intermediate I
= fluctuation zone

The algorithm in this article detects imaging maps

(a)
W

blendi
! into background NEEG—_GG
Traditional algorithm detects imaging maps
(b)
1 PR B SR LI AR - (o) SR I 3G 1 AN ] 3 2 X
I 5 (b) A X Rt Vibe B A0 A 1T 5
Fig. 1

ferent concentration regions of gas leakage;(b) gas regions erro-

Pseudo-color processed gas infrared imaging: (a) dif-

neously identified as background by the Vibe algorithm

Br 2 IS O AR 0007 ik, 4R A 15
FEL P9 B9 B (ELD BB R

BT S50 5 R - AR AR T A L, T 0 it
= TR A R R B 5 Bl R X% K
BERPEREAT ZHEBCR T, I i 2 0 00 2 i 55k

Calculation check




4 AN/ RS9 S g o

XX &

R AR, O B v K A o e B0 (T I )
TR T ARG 5 1 2R X
T 5T 4 TOUIAE BT R ARE 3 R A I S
MR R S AR A s AR R AL TR X H Ab
T EBR K BE T P, DU AE 3R T L 2 5 AR B 3L 1
SEHEME
1.2 FIsSZESRE
1.2.1 BEEHRIE
AR A A T A I WA 5 4 4 e
A TS B 25 0k S H AR AR DN 5 4 B0 BRI 2%
T AR AL T BB S | & 2R 8 RAKE Ik 8y AN RS 3R
DA S AR 34 5 1 AR Ak, b i S BOMRAE 5 I AR L
FESRL ARG R G, WA I e —Fh B AR
BIo MR IEHE R o e 3 A R R 5 e 0 5
Z 1) IR | A7 0 M T 35 7 A X ) 45 12 e
PS5 o 3R 7 VL RE U HE T R e R DUDHS 1 5 %8
SEVE, PR TR B 2R 278 R BT A5 IR AT RE KA 7T 5
PR ZE R . B R R 2 04X (1)~(3),
B 2SR B AR A
(i) = V@(l;ﬂ - gl(h/) s
b(iy) =V, - aliy) - Vi(iy) . 2
e v (i) RV, (4, 7) 43 SR e R AR 3R R 180t iy
Wi AL, V,, A0V, 2 1 T R R R 5 0 11 - 2 ) i
18, a (i, ) RHE A E 2B, b (i, ) Je I B AL OF 2R
2 E I R s i Ry 23 5K
V(ij)=alif) - V(ij) +b(if) . @)
Hor, V (i, ) R R IE S5 WA T0H R, v (i, ) 2 i
TR AR T A R
1.2.2 S&iE5]
RN I R FH A W R A S ST 25 A
R 3E I S S AR R TP TR R R S X
ST, 2 3 (R A 1 (B S e
JE W 7S Fr AT NS T R . A IR T A A
WU fih 2 22 43 B RY (R ST o Ao G IR TR ) 2 B
P LR 7 25 AW R O AR AR RO R
L I 8 AR B — 2 AL, )2 i
Mu(x,y) + M,)(x,y) + MC(x,y) - 3M(x,y)

A BRI ST
1.2.3 ZE5EESRE

1o 7 o 3 7 34 (Laplacian of Gaussian, LoG )%
P — MR T R B RO S A Uy ik
55 G e S 08 AR A R S0 4 B ke A I BT 45
Do RSN R A BRI B R BB A ALK
MWD G IR o B . 220 BRIEE T LoG 44
12 JELARL 2o 7 RN R P28 22 0 R R b
e ST IR B Z B R ECRAE X AUR X 5 i ST
o3 E) AW E TR S W R R B BE . %07
Y IR ER AN 3 FR o

Background ___opannnn
~~~~~~~ .
Isodiff '-—-)\_\
/ " \\

Foreground Gas ‘_/"‘

-
-

~
-,
e

B3 22 i R 2
Fig. 3

model

Schematic diagram of the principle of the difference

AN 2 e i e 22 3 BB B ST I, Ry T
S AT RE 2 1 AR B bw , SR S B i — DU Y
HABER (FIIN3) , I AT 55 RS fe il =i
B F- 2 22 43 S5 D (x, v ), TR AR A 50 (4)
Jr7n o BEI B ANS 5E 2200 R T55 T RS 5 5
W AR I, an 1B 4 Ca) FE R TS o e i O 7 0si /b
Mg 7 - 3 P50, 0 22 00 S R A T — BRI
I HH e B e, DA A5 2] 25 8 (difference ) 5 471 %6
(frequency) [ B HL /A1 K R P (k), ML 5 O &R A X
(5)FIE 4(b) TR o

M,(xy) + My(xy) + M (xy) = 3M (x.y)

D(x,y) = 3 3 > R” ()
0 , otherwise
et (e ) M (e ) M (e ) R R B0 W P =S So(p(x) - 1) 5
190 (o y) AT 52



XX ] ¥ ¥R 55 FET Vibe Gases B IE RPN NAZ H AR5 5

Horp XA Y 43 B A D (x, ) BOATBCRNSNEL, &
R FEAEEL

high conc tion
s

=
T

difference
}

@
e
3

=]
=]
=]

frequency

solve for the -
500 |- threshold

difference

(b)

K4 2250158 (a) 2250 AEFE 5 (b) SRS 5 2 05
Fig. 4 Difference model: (a) difference matrix; (b) frequency

mapping and polynomial fitting

TEEI4(b) B 2273 B U A O R B v, o1 2
HAL T 3~5 Ju RIS, 7341 5 B /N 55 A Xk
R R AR M R R I R B A v R
KRG, Y4 ZE AL T 5~20 FE Rl Bifi 5 2 (i 4
KGR B W B, 3 H8 43 0 I A P i 1
By DX RS A P g DX, A U R L G
fE o 24 P2 25 E A T 20~30 78 B, X6F 57 ik s 105 B
AR I X, 32 IR AR 5 AR LD AR B b L
JIN B EL A S g v B N e RS S 25 (A, AT e 2
TELRE

SR AR ERY HUX 5 S 58 RS
ZAIFEAEIG P03 B8 5 . LoG 3 wad i 3380 0K B R4
B B ER S I G 1 43 5 TR B, 7E 3~30 25 (H.
T R T A SO AL mt P R AL s T A A AR T
55 500y B A B A

I/ Z e A N 4 i Z2 1 AU B O 1 il i i
MBS G R R P 7 25 oK S i
W HONE T M B s o B AR L nT S 220 S
AR PR EROC R o iy 3 40U I 25 JEAN [] X Ja
SRR BE A R, OB 22 3 R e B BB A2
papr. BARTHEADIRE

R E B W

P(x)=ax' +a;x° + ax* +ayx +a, , (6)
Hag, ay, a5 ayy a, 210 5E REL
R TS I 22 40 B 25 (20 7 ) (200 72) s o,

(%0 7.)0

WA X .

BT R X R 25 o R 2E B, B — 47 % i —
NG S BB 22 T ) — AT, TP
B 23, TR AT -

D T A |
4 3 2
X, X, X, X 1
X — .2 .2 .2 .2
X, xo ox, x, 1
M 7 ) 3 Y

M JO7 [o0) Bt Y S — 40 ) S, 5 BT AT LI 3 Y
A TE:

PR IE ML e -
f/N AL B bR B IMER 225 AL AT LA
TH A SR AT T 4 L AR S

X'X-a=X"Y , (7
Hob X X Y E o S5 1 E RB S 1) 6
Qo
a,
a = a,
as;
ay
SR A Z A ]

WAR XX 2R 51 (R0 A0 2 ), af
a=(X"X)'X"Y . ()
R R a7 AZ T P (x) BRI 1
BT 2 SR Z I REP (x).
IR 2 SR T B pR R P (x) 1 — B 3 AL



6 LT 5N 5 B K k2

XX &

P'(x) FIZBr P (x), $23) 3~30 75 Bl N 1Y 25—~
W RAA R P ()0 A SRAF LT K 2B A X 1 (1Y
L2 oo, MR 43 B8 (I R 5 A SR SR figp 2 W, MU 7 1
I {H
1.3 FIRiESEE
1.3.1 ESiEESRE

T 515 5 1 A 5 o 3 5 A S A o A

Je, R JH 22 3 B R B8 00 SRR B R, AT TR

AL = T PR B 5% 22 43 4 I D (. y ) R 59
%ﬂ JE 55 B S(x,y), W24 30 (9) A1 A 5
(10) 7R o B 5Ca) R 1 A il J& 15 oy <R X

S 4 IR 155 S (e y ) B0 AT o BEJR  % 4 B
S (o y ) HEAF A W 5 5 27 0 0 , 75 )

5 5 K B {H (signal ) 5 0l 2 (frequency ) Z [H] f) —

SO A T S SRR AR R S A DR M RS RO G R g (k) B S R A (1) FIE
SIEHAT SN R P EEE. ' 5(b) R,
Ma(x,y) + Mb(x,y) + Mt,(x,y) - 3M(x,y) Mu(x,y) + Mb(x,y) + Ma(x,y) - 3M(x,y) SR
D(xy)= 3 ’ 3 . 9)
0 , otherwise
M xy)+M/(xy)+ M| x,
S(ag)- (x) g y)+ M (xy) D(xy)>0
0 , otherwise
., (10)

g(k)=§§5(s(x,y)—k), (11)

Forpe, XORUY 23 AR R A0 B A AT B B 8K, b ok IR
BEE

IS, 9 P o 3 O 0 B DR BR RS 55 R
ARy o WP S (b) FTaR A BRUS BY  4 05  XF R
81~159 [R5 L X [R] , XoF R Aif 5% A A8 K 43 A i
il 7ET5 SCE TR B, 45 HAR R A T 22 40 B A iy B
E S X (R s S B A Ak T 81~159 [X. ]
P THZAR R ARG T S SR B 2 AT
1.3.2 HEWRE

A S A5 S A0 LUA AR 1E AR s X3
WA 5 A R K A SR R AR R iR
(W& RS S T RES | & “ " % . R bk
X — [, TR R A S I = i 25 50 5 il
SR s vk ] VG F =5 el BN R EREE
ST B AL, B PR R AF A S A
WRIE S, B, T SR R 4 5
Yok 535 12 SR W, G T W SR DX SR K A 5 R A R
Ab L DT S BT 7 552 ) BB o

2 LIRS

2.1 BUEKBER

T SRS A O AR SO LT = AN D5 T
YEAT T SCB X L 5, U e JS 1Y) Vibe Gases 5
12: 5 5 Vibe FETE SR SRR A% RO MERE ;
U, VA B 7E 7S A AR AN T 200 A B

(a)

800

@
=]
S

frequency
g

(b)
K5 AR B () B S HE0 5 (b) BRI 5 5 i
B
Fig. 5 Foreground signal model: (a) foreground signal ma-

trix; (b) frequency mapping and high-pass filtering

73, RS UE AR AN [R) SR K37 50 B s v s i s
5 HAD FE RSB E AT BURRCR XS . 5T AR
L 64 1 Windows 1145/E RGN 8 GB NAFINA
NIFEHL, T & P55 5T Visual Studio 2022, 55 &
C++15 5 Al OpenCV 4. 6 T HJESZ B, 5L 56 40 il



XX 1] B Ik % FET Vibe Gases FIE B AR PNALLI AR BB 7

i R P 2T AR AR PR SRR B, HAR S BRI 6
H53£1,

o
Fr o e e e e i
o e

//“.. z
Y o Exam of detection scenarios

Fl6 ARG LTSI ER AL
Fig. 6 Medium long wave uncooled infrared detector proto-

type

®1 KRBV SHIFE

Table 1 Details of experimental equipment parameters

SRR ZHE AR ZHH
s AR LM &S | RS FR S0 TS EALER
I3 PR 640x512 SIRES 10 MPa

Y 50 Hz 4l (%) 99.95%

P 55 P B 3~14 um S C,H,.SF,

S — SR H T A SO 5 2 L Vibe 53
TE L8 MK R RE T L 0 22 57, S0 B RN
PRS0 20 mo PEAS R AR T WIS T5 I B 5, LR
A T A R RN 1 1 A B B i A R Y
HOUR TR N )38 47 I RE S A 250k S AR S5 Al A
TSR TR UAME SRR, T i

AU E S A AL, SRR AR S AT T DR
gL

AR EE R T 7R o S —A7 BB T2 75 Wit
P T8 A 53 R G 0 B AR R, o 2 L Vibe B0 A 2R
FHIETE BE 12, A BE TS BEA I E G Uk . A
W2 N AR SO vk gl 2 8 B AL, A2 A AR 2
BRI, [F) I ORI A K o 5 AT IR
715 155 100 Mt A I AR , g IE AT I 1X 5 30 3
DAY SR AL s S AR e RS . A Vibe BV
DRGSR DI 0 7 5, SO0l 4 DX A e
FRE ., BT A SCE AR TR F
MR, — LRk T RE R AR E T

B TSR B AR RAEA SCEEE A R R T
X 7 SR AR A i T 4 A6 DN -5 AR RE T, RN
PHRTIOA 5 me SERPEAG £ LR PSR T -
— I RRRCR , BIVEEVE RE TS A 42 USSR AL A A
R0 B s —JE iS5 S B R A AR E M, RIS 0L RE S
A RORE G T RER 7 BRI T 5

BAREE RN 8 7R o B —AT 7R T4 40 it
A8 AR5 (BT AN DR AR TR, G o )2 i
BIAES IR . A AR S I P AR RN A
SCHR HR A SEVEATY BE R AS I B A, B T HAE S
PRSI o (A A o 5 AT TR OR 18R 80 MUY A
AT 5 AR T S DR AR B, A AR MR DRy
T, VE S F T B A o) 1 S TR A DX R
2R

5 A S B R AR SO g AR SR
IEERUEAT I RE ) 025 5 o SEG i LU 2 0
7S AL B P R A i T 32 5 ARG AN [l R0 0%
e R AR 5 BT S0 B AR T T Y 1 e

Vibe
El7 AR Vibe BILTE LI SURL AN A5 7 T B XT L

Fig. 7 Comparison between the proposed algorithm and Vibe algorithm in infrared detection imaging of ethylene gas

Vibe Gases



X LT 5N 5 B K k2

XX &

F8 /NI B A S BULBR L0 MAI LR

Fig. 8 Small leakage of sulfur hexafluoride infrared detection imaging

T,

WA 9 TR, 7R T IR A B (Gaussian
Mixture Model, GMM) . 57 2% ¥ ( Frame Differencing ,
FD) 63 2 (Optical flow) FIAS SCH B TE L4 Moo
AT AR LL MR b B BUAR R . LASE 70 Wt
IR Ay B AT R LU AT < |l T 7S AL AR Y
Henlc BN R EAR 5 58 ST, 50w
R A5 A5 U R R D A I B3 A . i 25 v )
TRIF T 2 FN7S FACT A B AESARP a py 4E
Uit DRI B DX ) i BRSO A 2% A7 AR R 25
FIRBEZ 5y SCETE AR E MO T, R
FE A 30RS D 3] P A AR A it o A SCHR HE A Bk
i 3 2 25 W R AR A S, AN A ] TR i

I BEHRG 0 b £ JBCCAAR 1) 2001 AR B2 5 18] 53 A, BT

: Detection failure

|

)

Original image GMM

B9 ASCR A HA S ) R S5 R T

it Z W NS FALHR AR R TN e %

SR R A T 380 118 o I A A e B 2 A7 L R
JER S AR B I AT R DN v B 5 21 A1 A
BLMERE AP 2 SR I IR 55 45 N R BB A G,
U UESE ) R AR SCEMA R AR
FoA LTS BACHL I AR TR, EE
T SAAE T PR AR 2 m Al AR 614 £0 AN AP
1B, BUERBCR E 10 iR . SEERZE R BIR, L1
T R T R e i SRy 200450 ppm, 7S T AL AR 1Y Fe A AT
BRI e BE SRy 150450 ppm, ixX Lo 28 AR T8 H A
R R
2.2 TEMEERR

Sk ISR B A RO B B LRSS, AR SR
HEAT T 8 WX A BT ol AR R (P) A AR

Optical flow Vibe gases

Fig. 9 The imaging results of the proposed algorithm are compared with those of other algorithms



XX ] ¥ YR 45 FET Vibe Gases Bk BB LD AR B AR 5 9

K10 M A B A ok B2 (R 5 56

\‘

Fig. 10 Imaging experiment of the lowest detection concentration of ethylene gas
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Table 2 Comparison of imaging indexes of different algorithms

C,H, detection

SF, detection

Parameter
P, R, F, P, R, F, ToU
FD 31.4 58.0 40.7 25.6 38.6 51.6 44.2 28.3
GMM 46.9 63.6 54.0 37.0 - - - -
Optical flow - - - - - - -
Vibe 64. 1 97.1 77.2 64. 1 30.2 98.9 46.3 30.2
Vibe Gases 91.0 98.2 93.9 89.4 81.3 99.2 89.3 80.7
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