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by Block Reweighting and Global Offset Initialization
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Abstract

In this paper, the block reweighting and global offset initialization methods are proposed to

complement the improved IRLMS algorithm which is the effective algorithm in registration based

SBNUC algorithm. Proposed block weighting method reweights the error map whose abnormal data

are excluded. The global offset initialization method compensates the global nonuniformity initially.

The ordinary registration based SBNUC algorithm is hard to compensate global nonuniformity because

of low scene motion. We employ the proposed methods to improved IRLMS algorithm, and apply it to

real-world infrared raw image stream. The result shows that new implementation provides 3.5~4.0dB

higher PSNR and convergence speed 1.5 faster then the improved IRLMS algorithm.

» Keyword: FPA, FPN, improved IRLMS, infrared, registration, scene based nonuniformity correction

[. Introduction

o

A o5, AL, H8E 5 oy Eofl] AEE I s A9
A s 2 Huld(Focal Plane Array, FPA)S o]&-38lo] &
Aol Ao WAt AE 7AA| g 1], H9]HE FPAE A%
HHGo A B BFUR A 2 LA o2 gaind
offsete] wWrAsTh  o|mjFo] AP (Fixed Pattern
Noise, FPN)¢] Uepdt), o]& RAs7] 9et o= ZA)
E o] &3 w4 7)uk B4 U B A(CBNUC)¥ FPAS @3]+& o
S o] &3k 4 7k Bt B A (SBNUC) & s &= gl

=

lo

<

B 5 AR A A BAEE FPARSER QI8 F7]4 o=
EUURA S djFolof gt ek HA} § FPACA LA
e 2k SXE @i O8] e Bl sirk
°o]5 FHEa}7] Sl HERAE ST o] F5 ME7L 3]
Aoz g 7HA ﬂoi A& G50l Brbssitt
SBNUC—‘ FPAd| 2 ]t 03)2}% 7|Wo 2 FPA9| gain ¥

%&%}Eﬂ& _,45]- zxﬂ
S ko7 817wl

CBNUCE &9t & BA4u% olg3e] gain offset e
S 35 4 Agahe PHoR MR be F 2R FAZ o] Hflel AFARN Y F50] ke el vk shHvt
$-3to] FPA9 gain 2 offset& BA8= two point NUC7F  CBNUCe] HI&) 7-@o] H3kstal o -1 52 Akl da
%2 ALgE 3 grh2]. CBNUCE SBNUCH nla) F@sh] 31 A3a w4 vol 5o Y& wie] gk,

2o 43&‘('9'} X E}]O]—‘g— FE0] st Ao O‘E} o} SBNUCE Al 54 7]8¥KStatistics based) SBNUCS} 4
2wk 740 ol 817 W3l )23 HEh, B g 7] Registration based) SBNUCE & 4= 9tk &7 7]
» First Author: Yong-Hee Hong, Corresponding Author: Ho-Jin Jhee

*Yong-Hee Hong (yonghee.hong@lignexl.com), LIG Nexl

**Keun-Jae Lee (lee.keunjae@lignexl.com), LIG Nexl
***Hong-Rak Kim (hongrak.kim@lignexl.com),
****Ho-Jin Jhee (hojin.jhee@lignex1.com), LIG Nex1

LIG Nexl

* Received: 2017. 04. 13, Revised: 2017. 05. 24, Accepted: 2017. 06. 18.
* This work was funded by the Critical Technology R&D Program through the Defense Industry Technology Center

and the Institute of Civil Military Technology Cooperation.



16  Journal of The Korea Society of Computer and Information

B SBNUCE AE&7] 24 d9old &3] scene?l WAl
o3& WaA|RE FPNel oJafAl= WalA] e HS d&4
© 2 gain¥ offsets F43819 4-&3tt}. B 7|4 SBNUC=
X—]E‘]— 7]1:]]— SBNUCO]] B]gﬂ )\]—];HPG o7 X—L‘Q__ Od}lxl— J,}- ]_J‘g]7]-
a7F o] AT A& frElsitt AR SRl B

el s, =¥ FHERE 7FX 3 ‘RlDP. olgfgt =9 &
H S8 FEIN] A qEES =Y AE ARE @]
HHAEE7] 418 Dol AvH4-61. B 719 SBNUCE Z#|¢]
7t scene®] FYTHE M o] &3 WO R JhdE A
o & scene °]%o] UA ;}%% 71%3 scenes Hi E}E E

2 offset 1143}04 g A 7 ]H‘_ SBNUCE SA 7k
SBNUCe]| Hlsf iAo @e Arkadad Hxert 3?5101
AAZE F3o] F& 7|9k SBNUCH H]3) o5 ©3do] Qlt).
AR &5 7|9k SBNUCH ]3] whe FHdeet 128 &
}b} ] 7.]9] ‘ﬂ"/‘go}/(] ok x]—z%o] oh;]_ 7-101.

g5 2 A3t 7]dl SBNUC dag]E o|Qlo & AlFS o]
& A1), 7 =AY wE o
NUC(TENUO) = o [12], column ©HE midway
equalizations 483} 3 43]%1“&3& NUC7} 7Fs8h &ar
2ol QitH13]. 283 Bats} e B ¢ Zydwe R
G- 0w NUCE Fdshs dargFe] AvH14].
2 =Ee DA SBNUCY #¢] 2 =] 535 Ak}

z 7

/3 two frame

Ak, Ml 71E A 7] SBNUC gaEE F dsta
& £ improved [RLMS €185S 7]<383ith VA4
+ 7] improved IRLMS OLEE]—Z‘% ok Wi A9E

H
e VAL AR 9 F F AT

[l. Preliminaries

1. Related works

1.1 Overseas Research Trends

g5 79k AY SBNUC €udE s8¢ v Zu.
Hardi®] gated adaptive LMS ¢85 3& 7]dF SBNUC
o] 128 A AE Hal 45F AlgS A&t 4]

28 &4} 7142 93] constant stastics(CS) el

7P"r*]°]' gy & =3¢
temporal median filterS %] o?& med-CS2 148 A
EEHOFE AN EdYRY A5 3&’6“]334[6].

43 7wt A9 SBNUC €aElE 382 4
Hardi®] motion compensated average(MCA) ¢ilg]&L =
AYE 94 F FH8tL TS 3t HdS FHsto] o] &
Hc}‘?j_o_i zy 9l 85 A3 9 NUC #do] E7)53 dhado]
ATH7]. Zuod] IRLMS 22|58 T4 7+ B3slo] error

E ot ofol LMS duEES Abgate] B dRA Hol:
S EATH 8], o] W) MCASH 2d] Z|9) 53 FAol

U E]Ol% F4 9 ®BAo] shesht Q) w9 =gk
HHUOlEE 3l =& FHEES} B AS Hol= Txo]
AT} 0131 3 AEL improved IRLMS ¢ag]Zo|A] npA7)
MICICRE: Xé%k 04 dlolel Ale], b SEES FUtalol
A8t TH9]. Zenge row ¥ column EEAHEG ]R3l
AYHoR BA o]lFHS 34 o}oﬂ 0‘3’% A BAE AAS

1.2 Domestic Research Trends

SBNUC =4] &2 th&3 ), o]Fse 2y 49
tlo] Exqt Ag-al= 7] IRLMSe Z#Y U Hulo]EE %9
st HAglarglon, Q) ] HUo|EE Ao m 49
3171 98] meaningless residual removal(MRR)Z AM&-&}aL,
ZHY ol Hdlo]E Al residual®] pair matchings 913

anti- propagatlon masking©.& overlap¥ A &8 GF9E A9

Al71E 7]1& IRLMS H.ot w2 FH&5e) 3t4S )
AFAT[15]. A WE 7= Zhak DE wpAlo] thibak 9178
o]-&3} 1l offset TS HAYSI= Ldd]SS ek 9133} gain

3} offsets AF BAsIY 94
2 AASIAL gaing BEASA S8 2w

[Il. Improved IRLMS

1. Non-Uniformity Correction Model
oM walel AZ7]) 29 A 7|2 2ds A1) ol
gos = {171

Y, (i,5) = g,(i.5) X,(i,5)+o0,(i,7) (1)

g, (i, )= nAA ZHA9] gain, o,(i, )= nHA ZeQ)e]
offset, X, (i,7)= nial Zede] AA WA} vk Ao M)
Y (5,7) 2 ndA el A Ho)d Ao E=E A &
o]t}

NUCE X, (i,) & 28
Y, (i, j) & o8&t 2(2)9} Fo] Wdato] ARE-ghh

n

FA3}17] QM A

X, (i) = w,i,5) Y, (i,5)+b,(i, 5) &)
R |

) = ©
RN Y

b,,,('h]) = m (4)



Scene-based Nonuniformity Correction Complemented
by Block Reweighting and Global Offset Initialization 17

A3 w, (i, )& g, 92 BAE
DE b,(i,7) 3% o,(i,5) F g,0i,5) e #AE

e glew, 4
vrehul L g1,

2. Motion Estimation
o1st 7 2| Alole] mAFL 2(5)(6)2] normalized

fud -
cross—power spectrum®| 37 YA E o]gsto] FA4gt &

A
Y, (w,0) Y, ()
Clu,v) = — — ! )
‘ Y, (u,0) Y, (u v)‘
(d,,d)=arg, maxRe{ FFT™(C(u,v))} ©6)
(u,0) = FEol 23, Y Feo Agd A4 34 94,
n< A Y, n—12 oA 2, = HulEag, ||

L2-norm, C(u,v)< normalized cross—power spectrum 2
W, FRT '8 Felol] sl (d, d;) 2 RARE HErdh

3. Masked Phase Correlation Registration

Normalized cross—power spectrum 234 (0, 0) FF
o 78t A5 7} WA= o] FPNo|| o S E Az
olF nf27) A st B o] wAEE Aew ¢ BA
FAo] Ahgeit) 23 12 FPNY 240 2diA normalized
cross—power spectrumd] ¥AE = F 33 AlE T FPNo|
odFf WALE IA ATE AASE FHES HAFET
Normalized cross-power spectrum (0, 0) &3Xo| Yelhy+=
¥3 AFE 2290] 91 FPNel| of&) 2Ae Ao}, 7hvat
2A FAl a7t =7) wiitel] wpaF AMeste] AS5E A7
gt (0, 0) ©19] Faxel Yehe 93 A3 E Fhde 2o
o3& scene?] o]F Yo E WAH ZoR o] 7 4ls A
2 Jhe A% 9 g & 5 ook

True motion

=g R Aol WAstel 3= 257} 0058 WA el U4
A5y ol dolut Aol AHIES AWl £ i
2 w49 FAL A

4. Non-Uniformity Correction
AMe F ZH Y 7t scene W7I7F FYEITHAL 7HSEIGY

ol BHdRAg Al AT F LYY AlsatelE o] &3

o} A F Ty 7o AT Aol (7)) o] BAH B

e ol ey dA Zede] Aol & o] gt T
e, (i,7) —jfn_l(z d,j d7) j((z ) 7

X, ((i—dyj—d) = w, (i—d;,j—d) ®)
Ynfl(i_divj_dj)
+b,_(i—d;j—d))
X, (irj) = w,_,(i.5)- YV, (i, )+ b,(i. ) )
X, \(i—d,j dj)ﬂ} X (i,5) = A(®)9) o] Bdu

o Jw, () +a e, g) Y, (6 9)
’wn+1(z7.7) - {wn(i7j) (10)
bl ) ta e, (i)
bn+1(17J) = {bn(%]) (11D
TAE gain we offset b= 2)(10)(11)37} o] BA o)
o] WAlste] A5 fo] o g A Al o] Qe dA| 2
do] A7 JQol| Alw 2po] dlgfe} Sh5E o RHEst] ¢
o] E sl AAAA| @2 JHL o|d adlZ 44 gainT
offsetg Hlo|E3It) 18 2+ o4 Z|dS B HAFEo]
A A JA= BES 223}l
Frame n ?di
W
Overlapped Area
<-de5, Frame n-1

Fig. 2. Schematic diagram of the overlay
of two frames.

5. Exclude the Abnormal Data
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Fig. 3. Exclude the abnormal data from error. (a) is
current frame, (b) is the abnormal data excluded error,
(c) is the normal error
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V. The Proposed Scheme

1. Block Reweighting
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Fig. 4. Block error reweighting. (a) is current frame, (b)
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(d) is final result.
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2. Global Offset Initialization
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4. Results
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Fig. 8. Cardinal 640.

Table 1. Cardinal 640 specifications.

PARAMETER VALUE
Spectral Band SWIR(0.9~1.7um)
Array Format 640%x512
Pixel Pitch 15um
Frame Rate < 350Hz
Quantum Efficiency > 80% at 1550nm
Ambient Operating Temp -40~70C
FPA Power Dissipation < 100mW @ 60 F/s
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is proposed SBNUC results (Clockwise from left top:
proposed SBNUC result image, error result, error
reweighting, offset), (c) is improved IRLMS SBNUC
results (Clockwise from left top: improved IRLMS SBNUC
result image, error result, offset)

18 9= A A 2838 PSNR 232 BoF1 gt} A



22 Journal of The Korea Society of Computer and Information

otk dug)E Bk 7IHE 7] improved IRLMSO H]&) i
2 T £59 52 A 9 FEE HoFa des ¥4
g 5 Qlvh B offset 2713} G302 Q13) 7]F improved

IRLMSel H]8} %2 PSNRE 7FA|al Alzbeln] Hg& oz of
3.5~4.0dB %< PSNRS HojFq % : EJ& %7] 50 =99
7HA] 7]12% improved IRLMSel #v]3f <}

Pl n4He Folg 4= Qi)

a¥ 10 7 ]—é improved [RLMS 2a12]&2} kst &ar
Z5& F7F 483 SBNUC 24 Hlu=z 200 g 7]+
o8 HoF ‘E} ()& 2 point NUC BA 447 ¥93<
HoFEa 9t} (b)e 9% A 715 AA Beko = AQh ¢al

g5 AN 23 4 ] o2, A7}
QIEAS HolFal 9o ‘11 % A& At 71 Al e
=2 7]& improved IRLMS &112]59] HAGY A} Als 2}
o] o, 04&13 EO%TJ— ME]'

Z Apo] off2], A% Afo] o2

V. Conclusions

B = AE AR 55 w9 o Aot 39
71 Z improved IRLMS SBNUC «-ag]&o]] 3
Hobek due]5e A4 IR GAol 283k PSNR 7]

oF 3.5~4.0dB 7|dstRon], $Y $Eg o

offset

FPNej ¢
Rl %@01 ik, f‘z} % scene
P eHg A o= FPNe| 4949

=
E
E—' “6]' offset :’;]ﬂ ;]1:12 ;H}“ Ea]'

REFERENCES

[1] D. A. Scribner, M. Kruer, and J. Killiany, “Infrared focal
plane array technology,” Proc. IEEE, vol. 79, no. 1, pp.
66-85, Jan 1991.

[2] A. Friedenberg and 1. Goldbatt, “Nonuniformity two-point
linear correction errors in infrared focal plane arrays,”

Opt. Eng. 37(4), pp. 1251-1253, April, 1998.

[3] O. Riou, S. Berrebi, and P. Bremond, “Nonuniformity
correction and thermal drift compensation of thermal
infrared camera,” Proc. SPIE 5405, pp 294-302, April,
2004.

[4] R. Hardie, F. Baxley, B. Brys, and P. Hytla, “Scene-based
nonuniformity correction with reduced ghosting using a
gated LMS algorithm,” Opt. Express 17, pp. 14918-14933,
2009.

[5] J. Harris and Y. Chiang, “Minimizing the ‘ghosting’ artifact
in scene-based nonuniformity correction,” Proc. SPIE
3377, pp. 106-113, 1998.

[6] Lixiang Geng, Qian Chen, Weixian Qian, and Yuzhen Zhang,
“Scene-based Nonuniformity Correction Algorithm
Based on Temporal Median Filter,” Journal of the Optical
Society of Korea, Vol. 17, No. 3, pp. 255-261, June, 2013.

[7] Russell C. Hardie, Majeed M. Hayat, Earnest Armstrong,
and Brian Yasuda, “Scene-based nonuniformity
correction with video sequences and registration,”
Applied Optics Vol. 39, Issue 8, pp. 1241-1250, 2000.

[8] Chao Zuo, Qian Chen, Guohua Gu and Xiubao Sui,
“Scene-Based Nonuniformity Correction Algorithm
Based on Interframe Registration,” J Opt Soc Am A Opt
Image Sci Vis 28 (6), pp. 1164-1176, Jun, 2011.

[9] Chao Zuo, Qian Chen, Guohua Gu, Xiubao Sui, and Jianle

based

nonuniformity correction for focal plane arrays,”

ELSEVIER Infrared Physics & Technology Vol 55, Issue

4, pp. 263-269, July 2012.

[10] Junjie Zeng, Xiubao Sui, and Hang Gao,

Ren, “Improved interframe registration

“Adaptive

Image-Registration-Based Nonuniformity Correction

Algorithm With Ghost Artifacts Eliminating for Infrared

Focal Plane Arrays,” IEEE Photonics Journal, Vol. 7,
No. 5, Oct, 2015.

[11] D. Scribner, K. Sarkady, M. Kruer, J. Caldfield, J. Hunt,
M. Colbert, and M. Descour, “Adaptive nonuniformity
correction for IR focal plane arrays using neural
networks,” Proc. SPIE 1541, pp. 100-109, 1991.

[12] Chao Zuo, Yuzhen Zhang, Qian Chen, Guohua Gu, Weixian
Qian, Xiubao Sui and Jianle Ren, “A two—frame approach
for scene-based nonuniformity correction in array
sensors,” ELSEVIER Infrared Physics & Technology Vol
60, pp. 190-196, Sep 2013.

[13] Yohann Tendero, Stephane Landeau and Jerome Gilles,
“Non-uniformity Correction of Infrared Images by
Midway Equalization,” Image Processing On Line, pp.
134-146, Jan 2012.

[14] Kim Jun-Hyung, Kim Jieun, Kim Sohyun, Lee Joohyoung,
and Lee Boohwan, “Regularization approach to

scene-based nonuniformity correction,” Optical

Engineering 53(5), 053105, May, 2014.



Scene-based Nonuniformity Correction Complemented

by Block Reweighting and Global Offset Initialization

23

[15] Lee Jongho, Ra Jongbeom, “Improvement on a
optimization algorithm for non—uniformity correction
of infrared videos,” Master Thesis, KAIST, Department
of Electrical Engineering, 2013.

[16] Kim Seongmin, Bae Yoonsung, Jang Jaeho, and Ra
Jongbeom, “Fixed Pattern Noise Reduction in Infrared
Videos Based on Joint Correction of Gain and Offset,”
The Institute of Electronics and Information Engineers,
Vol. 49, SP. 2, pp. 35-44, 2012.

[17] D. L. Perry and E. L. Dereniak, “Linear theory of
nonuniformity correction in infrared staring sensors,”
Opt. Eng. 32, pp. 1854-1859, 1993

Authors

Yong Hee Hong received the B.S., M.S..
degrees in Computer Science and
Engineering from Soongsil University,
Seoul, Korea, in 2009 and 2011,
respectively. MS. Hong joined LIG Nexl

company in 2011. He is currently working

on infrared camera. He is interested in image processing,
developing infrared camera.

Keun Jae Lee received the B.S. degrees in
Electronics Engineering from Kyungpook
National University, Daegu, Korea, in 2006,

respectively. Mr. Lee currently research

) engineer at LIG Nexl in Korea. His
£ \. research interests include signal
processing hardware and infrared sensor tracking
systems.

Hong Rak Kim received the B.S., M.S.
degrees in Electronics Engineering from

Taegu University, Korea, in 1995 and
1997, respectively. Mr. Kim currently
. research engineer at LIG Nexl in Korea.
‘ 5 & . His research interests include signal
processing hardware system and infrared sensor tracking
systems.

Ho jin Jhee received the B.S. degree in
Electronics Engineering from Dongguk
University, Seoul, Korea, in 1997 and

the Ph.D degree in Electrical Engineering
from University of Florida, Gainesville,

Florida, U.S.A in 2010. He is currently
research engineer at LIG Nexl in Korea. His research

interests include statistical signal processing, image
processing and applications of machine vision domain.



