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Abstract: Due to the factors such as inconsistent response between detection elements, changes in electronic
gain and offset, and focal plane contamination and damage, the images obtained by a push-broom thermal in-
frared imaging spectrometer often exhibit the phenomena of non-uniformity between image columns and severe
strip noise. This may affect the subsequent processing and application of thermal infrared hyperspectral remote
sensing images. According to the source and cause of non-uniformity of the push-broom imaging spectrometer,
a non-uniformity correction method for thermal infrared hyperspectral remote sensing images is proposed on
the basis of correlation of adjacent columns. The steps are as follows: Firstly, standard moment matching cor-
rection is conducted for the original thermal infrared hyperspectral remote sensing image band by band to ob-
tain a standard moment matching corrected image. Then, on basis of the standard moment matching corrected
image, the pixels with same features in the adjacent two pixel columns are selected. Finally, by using the pix-
els with same feature in the two columns, the correction coefficient of the latter column is obtained though lin-
ear regression. The latter column is corrected and all columns in one band are sequentially traversed to com-
plete the non-uniformity correction of one band image. According to this process, the non-uniformity correc-
tion of a thermal infrared hyperspectral remote sensing image is completed by traversing all bands of a thermal
infrared hyperspectral remote sensing image. The method is applied to the non-uniformity correction of the im-
age obtained by the push-broom thermal infrared spectroscopy imager. The results show that compared with
the moment matching method, the average value and standard deviation of each column in the image corrected
by the proposed method are more consistent with the actual situation if the non-uniformity correction effective-

ness is ensured.

Key words: push-sweep; thermal infrared hyperspectral remote sensing image; non-uniformity; column cor-

relation

0 5%

2 W A A UL AT AR SO 2 AT R IR
PR IRZLAb R e 1A R 2 — o FLES R R
I AL B — AT X — B, B
— A — B O ETOREINRIC, BEE
AT Bz Bl . AT (WD Sy 537 3R UIR AT
Hhin G AR . X TR — B BOR UL, AR
1507 T LIRSS W2 Mt 4107 30, XA 85
TR 2 R S50 B = a) i LA — B0, L
BRIl bR AN S TR R KR ST S
R, PEEE AR, WG Z A
51, RIS O i e iR AR ) e 2 Ak
HHHUS T o

FEl AN ] WA £00h . R LA ot ig 1E
BARY S AR E T AT LA 2 . X SEALIE
TiE KRB 4 LT RE AR YA IE J7 1k I T 37
SARCIE TR RS . HE T AR IE Y S
Jt 7 AR AR I AR I [R] A5 R D P A
REMME R 2NN IZ%E Qg —ik
TEfR s BT T AR SR E e .
AR A R BB Y 2 =% HAREIR . R

http: //journal.sitp.ac.cn/hw

FHW 500 5 2 AR S R A R D SR e iy AR 38 4
PERCIE R B, X e EUR AT A e

BT Y 5B IE Tk 2R AR E DL G
RIS G 58 AR EE SR K R A S5 B 2
BRACH MR, RO IR A T T B A Bk
T —E W AR, AR GRS, T
KIERCR R, B THREEEEAET
FRIDCREL LD sk i w s . KRR B uE
eI £ S8 SR (N |1 L6 AN I o
EVC R 3L etk 9 B DC e 3kt L AR a4
(B B H ek ikt L Al T O A
AR Gt kY AL MR
TRV IET I, TSR IETERA
T B IR RE T, X B AL BN Bk AR
Ty LI, HOGTE BB & TR T E AR A IE 7
Bio Jihh, BT RAKIEWRHE HTRETE
PRI IE I FR AR IR 255

Hr, KREFGEH Tl WELLsh ., ke
A i G MG R Y SRS IE 1) D ¥R IR GE T
L Hh e R R R . BN, S PR R A
SRR 35 i 19 1) v P DG i 3 T 22 0 D b S L 9 4

INFRARED (MONTHLY)/VOL.39, N0.8, AUG 2018



20 . Ab

5 D 3 SR SR L6 5 B O
AR TRk AT S BR AL 57 1 16 1 4
ST LR B (L A 45 P91 4 5
SEIERIE I GoE R — . M. Ao
AR AR (OG0 LR 45 IF K3
P ALT S IR DT B 2447 51
POGRAR B RAGAE SIHER Ty e
LT A1 75 6 8 1969 434 53 P B O
LA

R A SCAR T 8 T A e
SRR I R SR TE k. %07
B T AL AME G PR A0 AR . LA b
VU T PO T e 48 B o 4 5
BERCHIE 091406 . X T RIS 9 I B0 LA
T PSR 6 M T . T
REEPE I 14 B0 — S 0B IE R AL IR —
FUMEATREIE . BRI DL AL 41
SRR I T RS
1 77 %

BT MR 4
A TEAS AR5 000 B 9 2 . o T4
W62 I B R — B ol T 3 B
A ST TSR ARG H R . R
LR AL B9 ORI 2P 1 1 30
G2 A5 BVAHPIR L X THE SRR
SN At R B
SENIRIAEFR P 0 LA 0 0
FEORARAS . WA B {95
PR 19 TE L 135 B 15 A S 82 X R
RES Y

D = aislij 04 (D

X D WIEIRGOUE: @0 ) 880, 1755 &
NPBETG s a B b N @ B AR B TT ) i
PLAREL Lo WARERR G2

TECISEAH &I 3 7] v R AR A5 0 A9 A i e 53 5 2
A, RO SN, Hh—4Eooh
BOLES 7 — MBI BROLEE L E R R . 1]
AN N

INFRARED (MONTHLY)/VOL.39, N0.8, AuG 2018

2018 4 8 H
Di+1.j,k = Aivl.kDi.,j.l; + Bi+l.k (2)
Ai+l./e = diL (3)
Aik
Qi
Bi+l.k - 7(7,‘4) + bj,k (4)
Aik

A A B ARIER K. WEtiEvl. 1Ei
ARMBBEEIFRIE LT . HEREFHRE 2 LB
FHABPIZ A it S BE AR R A9 180 . SR A
IEZRBCA M B, sl IR IE BB 2 ) i A2
SV AN FR AT AT LA e R i 1 R A 2 2
PERCIE o

TE A 28 ROR F B S B0 T $R AR 2B P 57
RS S AR GO IR S . L. 4
FHEVERCIE S Tl ] T SR AL A e ol i
IR AR SR E T . W 1 TR
ITUE T Je B P B IR AL b e e 1 i I 4
BT AR HERE U BCRAE » 75 2 b5 v RE DT IC A AE

JR AL S G R R R

FrAERE UL RO RS IE K

A 4
AHLBZIHH R 45 To ik £

v
IR 15 i 0 445 2R

Ny

\ 4
BN BALIE

v

REIEH SR IERIE

BT A UL A i i RS AR B 2 VA IE A A

http: //journal.sitp.ac.cn/hw



539 %, H 8l

. Ab 21

BIG s SRJ5 . DASRIEH DCRCAL IF KR R SE 4l
PEREAH AR W SIG T rh AR R W s 180T s &5
X AR W5 i dn g s . DART— 3 e, H
PSR R A b ARG, et I a15 2 s
— BN RIE R IR E — ST RE . R
i I — AP B T A A, 50— U B AR
S HERLIE,

2 B AE 5 B AR AR

2.1 #iE

SIS AL A i DS ARG A rp [
B BE F M EOR P B ST et il HOG S e [
H98.0~12.5 um, 181 MBe. SGi kAt [H
B#°% 25 nm, FWHM 4 50 nm A 47, #404b
GRS BAGO I ACR HEH RGOS AL,
ratit 320 N EM T, WMim Mo 147, ik
BE SRR 2 m, CATHER
2000 m, HUREFE N 2015 4 6 H 6 H, W%
Hb A T P VA AR T X (122°191157,
29°55" 17" B3k o
2.2 HIEALIE

iU E N IUE (e EW A PAR =Dy A LR A | B3]
SIPERCIE R . 7E S BRI LT Ah ik £
PEAE YA PR IE I, 42 B AR -

(D FEFRFRLIE 19 HE 3 BT FF = 635 &
15, BB AR AL Ah S 18 BRI AT
B A DG BC A DE . A5 380 A o 0 DG C A GE R
THEITN

D,; = %Dw +/u,» o %ﬂt‘ ’
1<i<M1<;<N.i,;j€Z (&

K. D, MAEVCECR IE 5 %o E; D, IR
WRITMEs v j R, 115 M. N 435128 5
BTG 0 B 53 5REE SIS % 5 B 1Y
s o Mo 5350005 1 5B H B ARE T % .
(2) VU o 5B DT Be A OE BIG R JE il 2R 4%
AHSR P 51 1% o0 A 8] 0 R ot R —
B, mEITEN
¢ = {j | abs(D,; — D, ;) < T,2<i<M,
1<j<N.i.j e Z} (6)

http: //journal.sitp.ac.cn/hw

Ao, & e AH 4 W9 51 48 0T Hh AR W] Y
%ot8Es Dy D, A bR AERE VE B IE A5 T ;
T HBE; absC« )IRARXE .

(3R T HA B WG 3 Jt by & 4f . LA — 31 2y
FEAE, HBY AR R 0C . 8 2tk B
IHAS 35 — S AE R A R TTER

{A; B:} = regress(D,; D, ;).j € ¢ (D

K. AL B W IEREG regressCe . )N
LRAME T AR IE RO JE — ) AT IE .
IR 3k s — AP BRI BT A 51, 58 il — > P Be &
BRAEB S ERE . HHRITE N

D.,=A +D,+B (8

Aof, Do REE R SOTHE s D, R IR 5T
s FeBRULTRR . 3 17 Tk 46 (0 PR 2T 41 15 e i
SRR T AT U B . 58 BUMAT A1 5 o % 1 Sk
R A2 5 MRS IE
3 ERS A

WE 2 A LUEH . g B, 62 it
FREE L FHEDG FC 3 RIAR SO 122 458 1 (1 285 SRk 3
PEIE . PRGBSI ME Lol Ue . DT e Ik B 4
W T RS b 1 5y W 7S SR AR T B o AE A% I
FEIG J2 B 2T T . AR SO T TR AR A 4
ORI, AR H A HE A TE 09 AR AR 56 22 02 TS I 2%
MR, TR T BR A e i R R, AR
WEAGI AR, fRE BRI AR JC(E 7 A FDG i
SR BT LA . X AR v G I 3 A 1E
(19 45 B S5 A bR 22 (R 3 REL 5) 5% S0 ik
e I 45 S (5 (B RVbR o 22 (4 IR 6) . A
D 0 4% B 1 (0 A o 2 R AR, % R
K TG SLPRNG O .
4 Zib

S A 1 LT S i AR ST 2 B 11
LTAb s R R A R S VR A, R T
3 T4 LT A i e i B R R % 1 A 1
PEREIE 7. %07 1 35 TF M4 1 ) A5 3t 2 1
FSEE . 8% Bl DT g o 35 4R 45 1 311% 0E o
T (9 HB A% G . X140 7 90 1 S 4 e
LARG— 30 50, 195 9] o A ] £ 3t 4044

INFRARED (MONTHLY)/VOL.39, N0.8, AUG 2018



22 . Ab

2018 4£ 8 H

(a) R LA EE (10095 B (b) FI4EVCECLVEAR IE R R (c) Rl A ST AL IR I Bl
(1009% B%) (1003 B%)
2 JsUhh S AN FHAS TR 82 1 1 P15 s 491)
8438 68
66
8437 |
% ‘ALY"A-‘".:L “‘. ‘—T‘ﬁ"—' - TY' LA uld '._ 'V‘VL"W. Al g 64
a a
8436}
62
35020 80 120 160 200 240 280 320 60

BRI TE A
P 3 g DU JC I 5 T 45 R v 45 B 2 {EL /s 191)

8108
8107}
e 8106;

Z
8 8105}

8104}

81030720 80 120 160 200 240 280 320
BRI BT AR bR

P 4 RSO A T 45 3 48 5 K R 1)

i i AR E 5 — S AME R IFxEE—
FUBATRIE . B2 07 0 0 T e SRS
JAGAL L BRI AT A i 6 R B AR 32 51
FAER . XA A B R BR R A SOk SR
VERCTT IR ERCRAN Y s (EASOIT L1 4 51 4 {H
FIbRHERE FERE DT T7 ik AT 5 S BRO «

S % Lk

C1] XU, 4xSe o AR A . 48 CCD M HLE Hh AR
W oL ROE BB E RS [J]. a9 5t

INFRARED (MONTHLY)/VOL.39, N0.8, AuG 2018

0 40 80 120 160 200 240 280 320
TR A TT AR
P 5 JEVE BCAS TE 25 2R rp 2% 51 o o 22 715 431

68

661

64}

DN1E

62+

0000 80 120 Te0 200 240 280 320
BRI TT AR

6 A5 5 AL T 45 2R 48 51 b o 2 73 14

I 7,2012,41(8):2211-2215.

(2] sk&® . mBH. #OGE G AL E R 5P E
[J]. ExZ, 2013, 6(4) . 584-590.

[3] Pesta F, Bhatta S, Helder D, et al. Radiometric
Non-uniformity Characterization and Correction of
Landsat 8 OLI Using Earth Imagery-based Tech-
niques [J]. Remote Sensing , 2014, 7(1); 430—446.

[4] A sese, &0, Mz, 4. 258 58 i b
TDI CCD g 2GR S e iE (1], #=
B4R, 2017, 37(11): 113-121.

[5] Tendero Y, Gilles J, Landeau S, et al. Efficient

http: //journal.sitp.ac.cn/hw



394, H8Y

. A

23

[6]

L7]

L8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Single Image Non-uniformity Correction Algorithm
[C]. SPIE, 2010, 7834 78340FE.

Tendero Y. Gilles J. ADMIRE: a Locally Adap-
tive Single-image, Non-uniformity Correction and
Denoising Algorithm: Application to Uncooled IR
Camera [C]. SPIE, 2012, 8353. 835310.

Hu B L, Hao S J, Sun D X, et al. A Novel
Scene-based Non-uniformity Correction Method for
SWIR Push-broom Hyperspectral Sensors [ ] ].
ISPRS Jouwrnal of Photogrammetry and Remote
Sensing . 2017, 131; 160—169.

Torres SN, Vera E M, Reeves R A, et al. Adap-
tive Scene-based Nonuniformity Correction Method
for Infrared-focal Plane Arrays [ C]. SPIE,
2003, 5076 130—140.

ZEPG, X bR, WA, S —FhE TR ML
LS AR S A RS (). FER,
2006, 35(5): 720-723.

Averbuch A, Liron G, Bobrovsky B Z. Scene Based
Non-uniformity Correction in Thermal Images U-
sing Kalman Filter [ J]. Image and Vision Com-
puting » 2007, 25(6) ; 833—851.

Xy, g e, JEH, 5. 2% CCD g A1y
SRS IE S L ()], B I, 2009, 36(3):
120—124.

IR, Bk, BESE, S5 ZLAMEF-1m FF 51 2%
SUEEHSMERIE T I g E5HE IR,
2013, 42(8) . 1987-1990.

Xie Y S, Wang J N, Shang K. An Improved Ap-
proach Based on Moment Matching to Destriping
for Hyperion Data [ J]. Procedia Environmental
Sciences, 2011, 10. 319—-324.

Horvath G. Moment Matching-based Distribution
Fitting with Generalized Hyper-Erlang Distribu-
tions [ CJ. Berlin: International Conference on
Analytical and Stochastic Modeling Techniques
and Applications, 2013.

Fischer A D, Thomas T J, Leathers R A, et al.

http: //journal.sitp.ac.cn/hw

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Stable Scene-based Non-uniformity Correction Co-
efficients for Hyperspectral SWIR Sensors [ C].
Montana; 2007 IEEE Aerospace Conference,
2007.

XIIEZE, TR, T BGI6IE BG4 1§
AR SR C R gk [T BRER,
2002, 6(4) . 279—284.

ZEME . ARG . ATBUE . A o Br ks A IT
Bk Rk [N FEERERFER. 2012, 17
(11). 115-123.

Kumar A. Sensor Non Uniformity Correction Al-
gorithms and its Real Time Implementation for In-
frared Focal Plane Array-based Thermal Imaging
System [ J ]. Defence Science Journal, 2013, 63
(6): 589-598.

BB A, REERR, R =2, & BT 24 25
VCTC R AP ER AR Y A A R Dy ik [T k%
Z3, 2013, 33(12): 87-92.

K—5t. FIE A, X M. & BT Savitzky-
Golay I G (4 21 Fh R AR 4 5 Pk 46l A TE
Jrik (1], mERZE. 2014, 8(1): 51-59.

Cao Y, Li Y. Strip Non-uniformity Correction in
Uncooled Long-wave Infrared Focal Plane Array
Based on Noise Source Characterization [ J]. Op-
tics Communications , 2015, 339. 236—242.
BRUEAS . B/, sk, &5, T A& Ry L
RS (Y BT 21 50 S sC AR M A MR E B vk [T .
diE %, 2016, 9(1); 106—113.

HRSART, 2Rk . A fd, 4. BLLAR S Ok R
B ERIE I ENR (] BERAREIR,
2016, 16(21) . 238-242.

Torres SN, Hayat M M. Kalman Filtering for A-
daptive Nonuniformity Correction in Infrared Fo-
cal-plane Arrays [J]. JOSA A, 2003, 20(3):
470—480.

HHEE, B, ERAR, % ASMETP KA
AR ER . (1] FFW|. 2011, 31
(6): 81-86.

INFRARED (MONTHLY)/VOL.39, N0.8, AUG 2018



