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Infrared stripe non-uniformity correction based

on differential constraints

HUA Wei-ping,ZHAO Ju-feng, CUI Guang-mang, GONG Xiao-li,ZHU Li-yao
(School of Electronics and Information, Hangzhou Dianzi University , Hangzhou 310018, China)

Abstract : Infrared imaging is often disturbed by stripe non-uniformity noise,while scene-based correction method can

effectively reduce the influence of stripe noise. A stripe non-uniformity correction method based on differential con-

straint is proposed. Firstly,the gray distribution of stripe non-uniformity is analyzed and the penalty function is con-

structed by the difference of horizontal gradient and vertical gradient. By introducing the weight function, the penalty

function is optimized to obtain the corrected image. Compared with other methods, experiments on real scenes show

that the proposed method performs better in both subjective and objective analysis, and has less damage to image’ s

edge and detail. Meanwhile , the proposed method runs faster,and it is well applied in hardware.
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Fig. 1 The original image and NUC image
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Fig. 3 The original infrared image and the result of the experiment

£ 1 ZEWEM 0T

Tab. 1 The objective evaluation

LO 9753 | MMSE 3 | SRISALIE | ARSCT
SERLEE p 0. 0561 1 0. 0397 0. 0559
KFHEE K 17.8797 20. 6145 16. 1809 13. 4236

N T B MR HE A SR AR SO P LS Y
BRI WA T AL BEREAY , 45 2R 18] 4 7R o

o —+—MMSE —8=L0 == =7 373
1 |

0.06 | —a
el |

123 45 6 7 8 9 10 11 12 13 1415 16 17 18 19 20
L
—— MMSE - L0 —— Jll —eAR3073%

123 45 6 7 8 9 1011 1213 14 15 16 17 18 19 20
i

B4 3T 20 MR 14 B2 K RP- B8 BE

Fig. 4 The analysis of the roughness and line gradient for 20 frames
BEAN AR ST 45T i 1) F- 24932 3 I (] AT B
B, 2 Pk
®2 FHEFEE (R D)

Tab.2 The analysis of computational time (unit :second )

LO 24577 |MMSE 3| SUsisb 83k | ASCT5

0.2947

- Y42 SR E] ¢ 0. 658 2.745 1.254




934 5 RS AN

548 %

WA 4 B E LT 5 AR 2 1 s B ) L
B ASOTEAR WP EEEA T H AT %, i85
AL SR ARURAL L B IR B ) A P A
U ABJREE G FPEAN J5 AT LAFR A R i B
e 2 AR B A 451 25 D AR B8, S AN IR O AR
IERCRELf . 5351, L0 Y005 ik AR RE |5
ARSOT B ARES G PP LA S OK -6 B2 9 L
BT LA AR « T 1) F- 1 RE AN 25055 , R
HOXF T 2 BRI R IERCRAH S 55 o
4.3 S8

553 R B AR pR B B AT = AR, AT
B = A BT T 0 59, DU R 4 9
FRORERR . AAVRAROS =B 8« L B A1 A
A IPUEBEA T8 1A o

o DA A EEL B R OBR JEE AR SO, B e o A T
AR AR S P2 R 42 T B L5 2R v PR k) R e
JE, o BMEHOR , BURE AL TLE [ 1R b o5 AL ),
FIESS RGP o B o KA —E 8] i BUE T
HEATAL I, AR ANIE S e 6 FR

KPR —em PR

16 0.060
14 0.058
12 t 0.056

2010 / 0.0542¢

"8 0.0523

o 6 voso}g
4 0.048
2 0.046
0 0.044

0.10.30.50.70.91.11.31.51.71.92.12.32.52.72.93.13.33.53.73.94.14.34.54.74.9
ZHIEH

El5  AIF o (HX ISR
Fig. 5 The results of NUC with different o

ATLARI, 2 o B IBUE R /NS, AR 8 55
N IR A BEALER N MG FR T IR A T A5 R
TR AR S BEMRAE X U7 1) b ORI AR R L #R
JUH 2 o M UE S ST B B e R A AN AR
J5 A8 B, /KPR BE ) 25 5 B THIE TR B, X 9]
2 o P {ELE CE R TAEE A T AT R A P A i 2ot
IMEFFRBURERBORAME . He T Rl i, A SO
a A 2.5,

B VU g PRI A5 v AL EE v 5 b ) BT, DA 24 SROAR
KRR /NS I B L 2 X A 5 e A S
BUIN BT AL TR A R AT

AU BB 10 77 ] 10 ~° A5 4k, X F SRR S
JREERFE AR K ASCH B {EHN 107°,

6 R o XA ESRAEN, K (a) ~ () 5
a}0.5,1.5,2.5,3.5 LA K 4. 5 IF EHGA 1F 45 B 19343
Fig. 6 The results of NUC with different . (a) ~ (e) are the results
when o equals 0.5,1.5,2.5,3.5 and 4. 5, respectively

—-KPHE —e—TRE
13.52 0.055965

-—
135 0.05596
13.48
B 13 — 0Rss
¥ 13 005595 B
13.42
0055945
134
005594
1238 104 104 107 10
SHIE

B 7RI B {E R RS SR A
Fig. 7 The results of NUC with different 8

A DA AR o R R AR T 30 o R A O R
M LR A TR A o A {ELRE A, D) AL 288 A 0 A A2
1 R i o PR O, R B 8 A
9 NANIR] A BRI A R B

—B— PR —e— TR

25 0.08
0.07
—
20 ‘\\\ 0.06
- \-\ \N‘. 0.05 !
SN—— T |
< 10 k*q 0‘03),—
0.02
5
0.01
0 0
0.01 0.1 0.5 1.0 1.5 2.0 2.5
BHEN

B8 AT A X IR B I A HRAR
Fig. 8 The results of NUC with different A



Bt 5 a4 No.7 2018

TS B ARIELINR AR SR 935

B9 R A EXSEESRAFEM, (a) ~ () 43510 A1
J£0.01,0.1,0.5,1.5 }% 2.5 B BUGBLIESS R 1 F8 53
Fig. 9 The results of NUC with different A . (a) ~ (e) are the results

when A equals 0.01,0.1,0.5,1.5 and 2. 5 respectively
ATLAES], BGRB8 A
TEAEST R B P AR BOR, R R IERCR r (5
N 3 A 18 2 [ P P 1R PO RSRH A Pt ™ B, BT
ARG B RA B T AR W A A, AR SO A
H0.5,
44 FHEB
ARSCHE TR R G bR T I o A aniE
10 fi7s , AR LLAM R Bk AHBL FPGA HL i 55
HLLA K iR oy o T i) EHG R S AL B Fediis 47
£ FPGA - 380 b 0 4k Sl s 75 H i o 4 o

FPGA -based
o processing
ircuit Output plane:
Data

transmission Display

Camera
Component

Infrared lens

K10 RS ER

Fig. 10 Theschematic of infrared imaging system
o TREF R S AL S T B AE FPGA k4T,
X HG i R R AR AP AE FPGA b SCEL, N ik 5

AT EHATR o A D778 FPGA b 4b 3 3
YRy 15 1/s, FEAT LLSE B S IEAb ], AH 2 X T
3 H 2R 1R WU I T A S AR BRAT A — E R 22
5 % it

ARSCHE M T — i T B R Y 25 80 NUC 5
Bio ARSCE ST T AINEUGR SR BEES 5 1) TE
BRI, ARIELLANEHR B 5 00 A S R v S 1R
B, FIHARBUEMRTE X F0 Y J7 [ B6 R B AN ] A AE
P T o LR 3 Ao A 3 A R AR O A
AR AR BIAL E R . Lt 5L X b T L& B,
AL ARG Tk &, AR ST B W 7 i 6 T 4%
ARSI ME RS A RIOR BT, W TF AR BUR IE T
I BB A BT ks . A, SR TR
W PRTA5R 19% B30 e S5 2 bR, DA — Wit T 5 B
NUC, 7 N2 TAE 25 a1
AR Sl YN S BRI AR &= AP RU NV E 2 i)
A BRSO PR g it s 1 IR , a2 7E
ZJE B CAE s SR

Sk :

[1] NING Dianyan. Modeling and simulation of spaceborne
pushbroom infrared imaging sensor[ D ]. Xi’an; Xidian U-
niversity ,2008. (in Chinese)

TR R RN R AL AR AR S H LD ).
VU2 - P44 HL TR R 2, 2008.

[2] WANG Qian, JIANG Xiaoting, Xin Yunzi, et al. Charac-
terization of In vitro mineralization of porous poly ( L-Lac-
tic Acid)/bioactive glass composites by attenuated total
reflectance-Fourier transform infrared mapping[ J]. Chi-
nese Journal of Analytical Chemistry, 2014, (2):221 -
226. (in Chinese)

B VINCIE S U a3 AW Y 3]
FERFLIR W01V B 5 5 AR I AR S T e i
[J]. Zrtrfks4,2014,(2) 221 - 226.

[3] FAN Jingxiang. Development analysis of infrared imaging
seekers of kinetic kill vehicles in America[ J]. Infrared
and Laser Engineering,2009,38(1) :1 —6. (in Chinese)
T FE. S S REFEAR LA R 5 5 | Sk 1 K e 4y A
[J]. £L5MSHOE T#2,2009,38 (1) 1 -6.

[4] XU Xiaolong, JIANG Huanyu, HANG Yuelan. Study on

detection of tomato mosaic disease at early stage based on



936

5 RS AN

548 %

(5]

(6]

(7]

infrared thermal imaging[ J ]. Transactions of the Chinese
Society of Agricultural Engineering, 2012, (5) ;145 -
149. (in Chinese)

RN R, BT 24 RZLAMSUR T T A i AL i
WA RFEL ) ). Al TR 2012, (5) 145 - 149.
CHEN Shiwei, YANG Xiaogang, ZHANG Shengxiu et al.
Single infrared stripe nonuniformity correction algorithm
based on adaptive diffusion models[ J]. Chinese Optics,
2016,(1) :106 —113. (in Chinese)

WRIEAS 2 N, Sk RS, 25, T B OE D 3 BB LAY
HAMTLL A SR BCAR S S PE A IE B [T ] D,
2016, (1) :106 - 113.

QIAN Weixian, CHEN Qian, GU Guohua. Minimum mean
square error method for stripe nonuniformity correction
[J]. Chinese Optics Letters,2011,(5) :34 —36.

Sui J,Dong L,Jin W et al. A new adaptive nonuniformity
correction algorithm for infrared line scanner based on

neural networks[ J]. Chinese Optics Letters,2007,5(2) :

(8]

(9]

[10]

[11]

74 -76.

Zhao J,Zhou Q,Chen Y , et al. Single image stripe nonuni-
formity correction with gradient-constrained optimization
model for infrared focal plane arrays[J]. Optics Commu-
nications ,2013,296 .47 - 52.

ZHANG Shengwei, XIANG Wei, ZHAO Yaohong. Stripe
noise removal method for infrared images based on guided
filtering[ J ]. Journal of Computer-Aided Design & Com-
puter Graphics,2017,(8) :1434 —1443. (in Chinese)
TRBEA , 1, BORE. HE T 51 UB IR ZL M AR AR 4L
WE LR [T ], T HLA B BT 5 BB 2 2 4l
2017,(8) ;1434 - 1443.

Miinch B,Trtik P, Marone F,et al. Stripe and ring artifact
removal with combined wavelet—Fourier filtering[ J]. Op-
tics express,2009,17(10) :8567 —8591.

Vera E,Meza P, Torres S. Total variation approach for a-
daptive nonuniformity correction in focal-plane arrays[ J].

Optics letters,2011,36(2) ;172 - 174.



