BA2E 10 o o 5 o6 ¥ 4 W Vol. 42,No. 10, pp3307-3313
2022410 A Spectroscopy and Spectral Analysis October, 2022

Rk, &

i

T & E =By it iw S B iE Rz P B S R A

7

B ORER AEE BAE . REEN BT,
Lop B2 B ML SR 2 8 e » R BOGERTE MU I 0T . BB SRR TR IR, ZR AL 230031
2. PEBEEARRY: LBCRIE 230026

B OE psh R AR LA (FTIRD 4740 28 I AR & S8R 4R 19 20 5h s i R B A =5 (8] L Dl o 2 2k i 1R
B AT RSP A RA TR E B R ZAG ARG PR L AR X R L bR
BRI A O R BT AR 19 5 e B A EL VS O A7 A A IR M R S R AL T vk LR T AL Ah O
B H AR . 42 0 T 56 T 2 WUE 5 oY il e 0k B 35 R DG E 98 B CAME) A 30 Jr 2. ARLRS ) L [l — X
SR ) 22 LT Ab e il RS O A 0 3 8 TG B R UM AR AR SO TS O T BRI DX A R A R AR Al 5
BT F e SRR B AR A A o 21 A0 63 Rk BT SE AU YRR I SE 8 L 45 Y T (120 180T/
WO . EBRAT = WA S A B AR AL AR IT0E . RARE RO PO TS S BRI 58 1Y b
LLAh G IE EMR B R IT NS SF R REAT B9 AME R . JF 15 JF 2 5/ — 3k S Y ST AL vk BE TR R LU XS
L5 R AME H5 0 iy 855 R R 32 3 (A 5058 B A DG 1 o O 96 T 22 WU 5t 7 A ) 2= R0 A 000 75 36 R R PR RE . 20
I 12 TR HEAT T TR AS TS (] Y F 3 T A TR CASD) | ik TR 5 A5 18] 19 A 3 B AR 55 A T CACE)D
L BT BT 25 () B B R AR L AG I COGLRT) » I3 31 5 SF #E e R EL XS, Z5 R R W 2 Wil a1 T8
(v 25 TE] ARSI 5 i o U A O B E A 7 R M S A 9 A T R 0T 1 X S S ) BRI ) R S T o
AZ A SF AUMIRCRFAE A0 . i ROC M2t 4 . 25 R R W% 528 ] PR A B bR UM AE 2 AT
AMF J7 ¥ BRI P RE . AME A6 I {0 F) (B0 6 P PRt RE I 1 94 3 FTIR S0 38 I AR R 50 MR T HE R
B 6 PG MR R S i BB 3 T D W o 2 AT A i il T 1R A D00 7 5 AR T B M T SR ST e A

X HEE, K| SOE!

BT AR TTOE T U B A BSOS . B O R AR T SRR . 2 W0 ST Y AME i e SO I 5 ik REAR
U 3t 07 T B 8 FTIR 14 28 00 1% 2 6 b O Dot 1 4 M) 20K

ES 40

FESEE: TP722.5 XHkFRIRAD: A

5l

hnfl3

PCT I TR A7 L A4 12 i S S g R v R R e
OIS AT A A R AE R T U s 0 % S DU R 99 A R i
ERAMT B Z—. RO AmNES S asr g e g
TR R H A A IR SR TR L I AR 2T A O 9
AR A A e fh 2 B L o R L RO FDOL
WA PRE SN, W FTIRZM RS S —EHAM RS
LA AL I DX R E AT A . SR IRCE) B A A
1 B ER NG 55 70 P 3R 0 RS2 07 1A s SR 2 7 R AT AR =

S EHI: 2021-08-31, 1&iTHHA: 2021-12-28

8 B AR e 2T A OGIR AR s IR R s 8 IS R A
DOI; 10. 3964/j. issn. 1000-0593(2022)10-3307-07

(] L3k BE AT = AR S . O AR dh e O A

FEPEBE 8~ 14 pm Z [A] RO £1 41 il o ) Wi A
5. R RSN O, R R EURIEaX ., PR T
RN A AP TR S R MR AN R AR
SRIBOME s M B4 0 B R AL . W AT A AN RE T BE By
Ao 3o S i O ML A1 R I HEAR T B S B . AR 2R U iR
X 0 S i 9 0 A o BE OB T IR ST R X B B A RO . &
=i a1 A e Ui B A S 3 1 iy = S ]
i BEARAE > 1% 22 %0 £1 51 w8 6 3 Kl Sz 7 Ui B R ARG I Bk
B T IF R T A U A

BB I 4 it s AR I AR AT R A b o iR R

HEEWMAB: BHERAAREES LTI HE (41941011, v FR} 2= B i 1 B 22 H AW 0 H (QYZDY-SSW-DQC016) Fil [ 5 5 o5 i A& 1 R Wi B

(2016 YFC0803001) ¥ B

EEB N Wiz, 1995 44, b [EBL 2 B A ALY TR 2A B 58 56 1 L F 5 24

x IR &

e-mail; xuliang@aiofm. ac. cn

e-mail; yyhu@aiofm. ac. cn



3308 ik 56 4

842 %

PR e i ) B AL O B AR UM 5 B AR ) A8, Mano-
lakis S WF 58 T F i WA T 5 32 78 £ 4b & 0t 1 1 45 b /9 )
FWT L HEI T SF MF M ACE 19 8 8l 4k K60k 2 8% 77 (1 21
WHER AT AL Jr 0, AR T X3 SR AR . 3 RS B A [
S 65 BRI A T RAG PSR IF PR T Telops FIRST
1o TGS o 3k LA I T vk P PR IE A R s S0 o' 3% A 4
MZ 4@ 73 Aii . Thompson 45k i AMF I 7 £ i s H A
{1y o ' 3% ICHE 047 6 T O 44 58 88 R . Foote 45 B I i 1k
IR AL TE Je e MF A2 % AVIRIS-NG #4i6 K 3 b ik
FEIF Jo R R R B O e AR AR N Tk TR S T A 4R
BTG5 B I IS AR 53k K HL I T 4 il AR 1 B
ARHRLLAP IR L RIS B R AT R L IRA 1A
F SAM B H M HAR K 6801 mAYSh FTIR 14 &
T BAR R GE B A L 5 B 6 18 A R A B {H 2 4 K 58 i — it
1986 4% 245 0 B S R T 4L A0 T R e O 3% A — WY 1R JT 4K
i AET R RS F BB . 75— Dy . RO
TEAFTE AL » A0 SRS 0 X 53 18 H HG 0 T 8 oo Ol i A )
HEIE RAG T SRR L I TERE .

ATCES A FAR TRRRAE 5 FR BT T 5 A 2R v B A AL
AMF Kl Jrk» 48 7 2 T I 20 2 9 22 W41 S i ol 3 1
A8 07 105 T AR AL ) 7 ¥ R 52 9 1T S Wb U7 22 AE I Y B R ALLAR A
i AT RS M BRI, 556 L SF R B8k,
o B 8 FTIR 45140 28 00 AR 28 8 4 41 45 31 2 W20 S e ik
BB o R AR AR () AMET K0 8 5 1 2 38 (¥ e
S5 EERT o U A Yk 22 W S5t 7 A ) 2 ) A6 ) 5 ik 9 1
fE» 0 B XHZ B HEAT T T IS T A 1A g ASDH R
BT R A 2 B ACE 45 I K 2 T & 7 = 8] 89 OGLRT &
TS O R e L AR X Ll o R 16 7 55 2 ) ep i ACAR []
A HAR SRR 096 1A 28 T, BLROC £ f o 3
W AR HERNTE AR BT Ko ek 5 Ak T A 82

s M

1.1 EHESEE
ML 21 504 5 1% i B0 A8 16T B0 = )2 i AL A
B SR H B AR AR, FTIR JG 3% 0 ARl f6 =5 B L
WA
L =[1—z.WIB.(ws T 47, (v) »
(1= 2, GIB, s Ty + 2, (DL G ] D
KDOHF, v B, c. WO N RIBRIR, 1, O NIESHH
B, B, TORRKAIRER T, 0 By RAK 555, B,
(v, TORSEZREN T, WA BEERS R, L ORF R
N sE B . TR B B BARAEAERT . 20 MR DN 45 (9 A I 45 5
SEEEN
Liw = U—7z,)B,w, T) +z.(WL, (W (2)
K DO AT 215
L) —Liw) =, W[l —7,WI[B, vy T,) —L, (W]
(3
TE— MBS TR R 3 B B £ 4Bk gl i 0 gk b AT L
INHRAZMEL AN 1, AR = By B =K 0 8

=W AR e AR R S B b T 1.
SRS S RERY R G IEMRLHA

7, (1) = e =1 —a(V)cL 4
KO, aO) Ny or TR, oL Rl ERKRE, B #r
BORAST . AEBWRE S KR IERL, & s = B WAl
VL AL E 5 558 R 8 o7 1 PR (R i AT e BE AR . =0 (5D T LA
7 W) JR T I A A4 5 ey

IB(y,
B,(v» T,) — L, ~ AT, , BG, T)

aT |4
KOG, AT, WA A SEFZ R 2 . RS
HoimZ MR ZA L . ZERITLLIM (8~ 14 pm) X [A] T8
L. HX @R G RAXG, TF

5

J )
LO) ~ L) +aeLaT,, B D
e T,
= Lo +as(w) (6)
. d s .
H6)F,a=cLAT,,, sG) = a(u)% ‘ o BT A1
e T,

F G0 1 G T A B /Ny K ORI e R A e T R
FEENORED S §) 75
X = B+as 7
KO, X, B, s H K gemdt, o Hbrtt,
1.2 ESKRNEE
BHADOFH, a=0 B, BIAFTE; a0 B, B
FE o BRI B A A I i) 5 A 40 ] f
H,: X=B
H,: X =8B+ as (8)
A @O, Wk 0B TR S Z W AE AL, &£ Hop
X~NCup, Sp)» £ Hiop X~NCas+up, 68°Zp) . £ H, Fl
H, G AR ) 5 25 5 W07 6 SR O 2% . R 3R IS —
HAE SO X G=1, 2, -, N) B4 87 75156
AR up . S B RFIAARMOERE R s, BRI T
I SRR A U (GLRT) ™

Hy

[STSEI(X*&B):IZ > (9)
G35 ) [y + e XTS5 (X —up) ] <77 ’
H

0

Dgier (X) =

ENOENTETTIS S T S ST ) P &
Sy JRFHI T R S 0 LR A
SB:%E(X,f&BMX,-—L}H)T (10)

AR H =1, my =0, W™ SCRUAR A I AZ 5% A 3 1 PG
e 6 U 4% CAMP) . Ho K oR 50

Hy

LS X —ap >
D (X) = S=0amii= "y an

”O

AMF £ #5% 1) B2 A 32 0] DL oR
o
IR R AV N

Prea Jo <77p+1>'-dp (a2

XA, L=N+1—K, p H{EMELH K FF, HAER %



5 10

WA AT - kT 2 WO R 0 e AR A&

N7 DG B 18 i Az 3309

[N
Fo) = zjz?§i§75y7<1g—p>K*2pL (13)
N 2 FOLISECE , M3 iR/, X2 %

k }WT%ﬂAMF%mwﬂwm
1.3 gmﬁ:bﬁ

B SRR AR B R AR ), TEAN T SR U T 2240
W 1) i AR SR B AS B i B & F AR AR AE . T EL 9 8 FTIR 494
T 15 FR G 1 R T 2T A e b A, A T o B R AR
Boekat b, R BN — Sl i 5 o I 0 B 1Y 22 i B
PP O T B MR 2K (3) T A5 B 4R 5 2 I 54

ALG) = L) — Lo (») (14)

ERWLAAHNRAE O FHAEIRSF LIRS R 5. AL
SAETEW RS, T I 2258 1T i s AR v 22T A, 15 3
25115 19 Bl B o 22 1%

|
| |
! 1
|2 A frame of i - —
! hyperspectral data| Maximum likelihood
: = Bac:(grdund estimation of
i selection
i " A frame of : background
i |hyperspectral data| |
= i
A frame of
t hyperspectral data ——1{ AMEF detector Leakage declare

Target signature

1 sEETHHRESE AMF &lREE
Fig. 1

Schematic diagram of leaking gas AMF detection

based on multi-frame background

(@

Embedded
| wsystems

B2 #3h FTIR 34

M2
GW):JM£1§D\Auw%wMz

j=i=M/2
+M/2

wng MZZAHW (15)

KA H, MR sh i 0K/, X R E 23 oG HEAT H 17,
FiRRUE 2 1 (1 5 RAH max (o (v) ) GHRME L RE M FHMH Elo
WD HAE/NF M OCH &) 5, WA &% L
SOBTE . MR/, BT AL A W IR AE D, T RO T Al
Hro B 1N ZDTE R T AME £ 5 .

2 SRS

2.1 BT

SR RGN 2(a) PR, i 3h FTIR H 43 0 i 1% R 5
H PR AR 2T A A, R TR, DA AR L. 4
9 Hi R S0 B R A A B R G SE O AR S L. P 2(b) g 2-
DOF = & MARR B . = & 4 B S W0 3 0 B
AR 2 Ja) 4 75 8 5 K A o B 0 A 3 SO i Ui R s
SR A . B 20 g JE A S I W AR A AR
O DX AT UL G 5 AR AU i B RORS € EELA m
AR H AT SR ALEE B R I X, R 5
BAT . Rz s Mk B, 25 AR, Hﬂ%%?%ﬁ
T 114 SR A 5 3] BT 21 1 O 1% ASOKT Tt U A 4 R, B A
BRIER OGS BB REL IR G M T, JEH T PC
g AUE R RN, R RS T AR R, &
Jo A9 B A AR B B IR G S W L R ERE

IR = B . sk, B aE i e B2 88 AL A] P2
SARAEWE, B LR
FR4&E.

GEil AR . 15 M Eb . 22 R ORI

nzontalﬁeld o

Vertical field of view

ENM GRS
() FRB A (b): “HEFARMREE (o JEA LU IE I R AT
Fig. 2 Passive FTIR scanning remote sensing imaging system

(a): Experimental setup; (b): Schematic diagram of 2D scanning; (¢): Remote sensing imaging software for unorganized leakage
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Adaptive Matched Filter Detection for Leakage Gas Based on Multi-Frame
Background
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Abstract The infrared hyperspectral image data collected by the passive Fourier transform infrared (FTIR) scanning remote
sensing imaging system has spatial and spectral information and can be used to identify, quantify and visualize toxic and harmful
gases in the atmospheric environment. The system has high spectral resolution and non-contact and long-distance detection
advantages. However, the single-frame image has a small number of pixels, and some have gas absorption or emission, which
cannot be directly used for target detection in infrared hyperspectral images. This paper proposes an adaptive matched filter
(AMF) detection method for leaking gas based on multi-frame infrared hyperspectral image data in the same area in a short time.
The background spectra without target gas feature are screened out and used for maximum likelihood estimation of the
background in the detection area and then applied to target gas leak detection in subsequent frames. The infrared hyperspectral
image collected by the remote sensing experiment of SF; has four frames (120 pixels/frame) scanned in total. The data
containing the target gas feature in the first three frames are removed., and the remaining background spectrum is used to
calculate the maximum likelihood estimation of the background. The AMF detection of SF; is implemented on the fourth frame of
infrared hyperspectral data pixel by pixel, and the result is compared with the SF; column concentration image retrieved by the
nonlinear least square method. To verify the performance of multi-frame background in different detection spaces, adaptive
subspace detection (ASD) based on orthogonal subspace, adaptive cosine detection (ACE) based on hybrid space, and maximum
likelihood ratio detection based on oblique subspace (OGLRT) detects the fourth frame data separately. Compared with the SF;
column concentration image, the results show that the multi-frame background is suitable for detection methods in different
spaces. In addition, to study the influence of the target absorption spectrum on the background space. Adding multiple spectra
containing the absorption of SF; to the background space after ROC curve inspection, the results show that mixing target
features in the background space will reduce the detection performance of the AMF method. The false color image of AMF
detection value can also be applied to a passive FTIR scanning remote sensing imaging system. The leakage source and diffusion
tendency are more obvious than the column density false color image. The detection method based on hyperspectral data relies on
the statistical feature of the overall background. Compared with the inversion algorithm of a single-pixel spectral band, it greatly
reduces the dependence of the background. The AMF leak gas detection method based on the multi-frame background can be well

applied to the passive FTIR scanning remote sensing imaging system and meet the requirements of online monitoring.
Keywords FTIR; Scanning remote sensing; Gas leakage; Adaptive detection
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