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Abstract: The spatial resolution of a sub-pixel imaging system can be improved by increasing temporal
and spatial sampling frequencies of detectors. However, the data collected by detectors are prone to
aliasing and the resolution of reconstructed image is far away [rom the ideal value. In this paper, an
algorithm of super-resolution reconstruction was proposed based on sub-pixel imaging achieved by

three linear array detectors. Firstly, an interpolation model on high-resolution grid was established.
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Then, blur kernels in an image with high-resolution were identified in linear array and scanning direc-

tions respectively, from which the blur kernel in a frame was obtained. Finally, a gradient smoothing

regularization model with Neumman boundary conditions was employed to deblur and inhibit ringing

effects. Experimental results show that the system resolution of sub-pixel imaging by the proposed al-

gorithm is 2. 6 times that of non-oversampling imaging system of a single linear detector, and the Gray

Mean Grade ( GMG) is improved by 7. 71 as compared to that of the bilinear interpolation algorithm.

The algorithm can achieve super-resolution reconstruction for sub-pixel imaging systems with more

linear array detectors and can obtain a higher system resolution.

Key words: three linear array detector;sub-pixel imaging; sampling frequency; spatial resolution; su-

per-resolution reconstruction
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Fig. 1 Frequency sampling and time-domain aliasing
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Fig. 2 Schematic of sub-pixel imaging in three linear

array detectors
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Fig. 3 Interpolation relation between low-resolution

and high-resolution images
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Fig. 4 Fusion processing for low-resolution images
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Tab. 1

Flow of super-resolution reconstruction algorithm

Algorithm

Input: L' L |L?, Kernel K and A8

First Step:Restore the f by interpolating according to (3) }Interpolation

Second Step: Extend the f to 400% according to (14)
Third Step: Initialize: u= f; u,=0;
Fourth Step: Do

1) Save the previous iterate: u,= u;

2) Solve for w according to (21) under fixed u, v;
3) Solve for v according to (23) under fixed u, w;
4) Solve for u according to (26) under fixed w, v;

While | [ u—w, | [<<107% [ u, ||
Fifth Step: Cut the u to the original dimension
Output: U

Deblur with
Neumman BCs-GSR
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Simulation comparison experiment
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3 Z=HEHKRK GMG # Entropy
Tab.3 GMGs and Entropys of reconstructed images

Bilinear H®™ Interpolation H  Deblur U
GMG 4.12 5.63 11. 83
Entropy 4.92 5. 06 5.35
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Fig. 9 Relationship between blurred image and its spectrum
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Fig. 10 Restoration results by employing 4 algorithms respectively
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Fig. 11 Simulation comparison experiment on resolutions

OB dy Oy SR PR /N ET 9 BEE SR BUSEE s
Ay PR A B Je /N T 53 B () 2R BT

SCE R 2 5 BTN T SE AT AL HOE 4 B
Ry Lo 2.2 f5. U B9 20 FER A Lo i)
2. 61,

RS DYRFEXMNEIHER
Tab.5 Comparison results of simulation

experiment on resolutions

L™ Interpolation H Deblur U

s/ ERERER RIS 2 13 16
/NA o PRARBLTERE /pm 9.4 4.2 3.6

(U

8§ % #

I T AL 58 2 LR MR R I 28 W AR JC 1R, 3 2k
WA 000 28 S A5 6 B4 SR R N 25 14 B 1] 11 %5 i) SR
RER 2T ey, L85 BL0G 5 BOR I 2% R R R R S
[P Sy NN R CAE R I Sl QNS T i T 2 S
T HE LY 3 f5 o HE R, XX —15 8, A 3
P T — T A A A A L SO 1 4y
RE A, I A R R % A AR T
18 Z G0 10 o3 9 R Ry 3 38 AR R GE oy BER N 2.6
W SR IR A L .GMG 8 T 7. 71, En-
tropy #& 1 T 0. 43, ALHEARBIE T £ HIPER-



£ 8 ]

WSO, 55 - R T 3 2k M RN 4 ) T2 A% T I A58 73 M R A

2257

MODE #5230 ) 34 70 55 1) 8 43 B 5 344 7
B H I, 2 % SUPERMODE #5 2, 4 8 B 4K
SRIE FH I e 38 B 2 I 9 )y o) AR A% A Ay 4 1
F o BER R BRI A e i B Ak,

o
(1] A, 4%, TR XTSRS RILD

(2]

[3]

4]

(5]

(6]

7]

(8]

R T)] . AR A = 5 & R, 2002, 23( 3) .
26-33.
ZHOU F, WANG SH T, WANG H Y. Study of
several points about subpixel imaging technology
[J] . Space craft Recovery& Remote Sensing ,
2002,23(3):26-33. (in Chinese)
LATRY C, ROUGE B. Spot5 thr mode []J].
SPIE, 1998, 3439. 480 -491.
SKRBEK W, LORENZ E. HSRS-an infrared sen-
sor for hot-spot-detection [J] . SPIE, 1998,
3437:167 - 175.
SANDAU R, BRAUNECKER B, DRIESCHER
H. et al.. Design principles of the LH systems
ADS40 airborne digital sensor[CJ. XIXth Con-
gress of the Internation Society for Photogram-
metry and Remote Sensing, 2000,256 -263.
LATRY C, ROUGE B. Super resolution : quin-
cunx sampling and fusion processing[ CJ. Interna-
tional Geoscience and Remote Sensing Symposium
(IGARSS) ,2003,315-317.
SR HET IR R /AR T R R B A (B T I O
[J]. #kk54098,2004,34(4) :308-311.
QIAN L. Study on interpolation models for / sub-
pixel technology of composing two images [ ] ].
LASER& INFRARED, 2004,34(4):308-311. (in
Chinese)
X B ek, F . WARITRER RS B R A E
Jrik[J]. kd T42,2006, 33(2):90-93.
LIU H C, YANG X Q, FENG Y. Interpolation
method for sub-pixel dynamic imaging system based
on B-spline curve[ ] ].
ing,2006, 33(2):90-93. (in Chinese)
X E, B F, Bk, FET XU B ARSI IE
GO AEME e []. " R E T kX FFIR,
2007, 39(7):1121-1124,
LIU H CH, FENG Y , YANG X Q. Interpolation

Opto-Electronic Engineer-

for improving the subpixel spatial resolution based

on bicubic B-spline surfacelJ]. Jowrnal of Harbin

W 2 TR RS 2 0 T RE 1 B9 L AR SCHR R B
Vi = R RPN IR RUIE 22 1R AR AL S0
B 73 R EE AL L AT AR O v A 2R G S [ 4y

(9]

[10]

[11]

(12]

[13]

[14]

[15]

Institute of Technoloy, 2007, 39 (7). 1121-1124.
(in Chinese)
RE, BMRE, B LA, F. AR AR & LA
HBEITELT] . b HE AR, 2008, 16C 12) -
2447- 2453.
XU ZH P, ZHAI L. P, GE W Q. geometric super
resolution method based on subpixel [J]. Opt. Pre-
cision Eng. ,» 2008, 16(12) :2447- 2453. (in Chi-
nese)
X W, R AR ECE L, FL R R IR AR TR I AR
Rz PRI kd #HF T4, 200917
(10) : 2620-2626.
LIU Y Y. ZHANG X, XU ZH P. Enhancing spa-
tial resolution with detectors of special shaped pix-
els[J]. Opt. Precision Eng. ,2009,17(10) : 2620~
2626. (in Chinese)
KA AP, Ak, FL T CCD 51 A HE I PR
Koy B E AT E) ] kS 5 2R, 2011, 26
(6):841-846.
ZHANG Y,ZHONG X.JIN G, et al.. Super res-
olution reconstruction of image difference based on
CCD staggered arrays [ J]. Chinese Journal of
Liquid Crystals and Display, 2011.,26(6):841 -
846. (in Chinese)
GERALD C.
Performance [ M .
SPIE Press,s 2005.
HE H,KONDI L P. A regularization framework
for joint blur estimation and super-resolution of

video sequences [ CJ. Proc of the IEEE Confer-

ElectroOptical Imaging System
Bellingham Washington:

ence on Image Processing,2005,329 -332.
KT, %, % 8L Ui EHRE T EGRE
Mo RERAL)] BXRAS5ATF .
2012, 25(4): 648-655.

ZHANG X S, JIANG J,PENG S L. Blind super-
resolution reconstruction algorithm under affine
motion model[J]. PR&AI,2012,25(4);648-655.
(in Chinese)

Bl K. R AR5 B RIM]. dbat: JER; Tl ih
JiAt: . 2001.

ZHOU M Y. Deconvolution and Signal Recovery
[M]. Beijing: National Defense Industry Press,



2258

ES 22 &

[16]

[17]

(18]

[19]

[20]

[21]

2001. (in Chinese)
GOLDSTEIN T, OSHER S. The split Bregman
method for L, regularized problems [J]. SIAM
Journal on Imaging Science, 2009, 2(2). 323-
343.

Bk, #TE. &GRS ENLEGEZ R

[J]. &% #% 142.2013,21(1):151-157.

TANG SH,GONG W G. High-order hybrid regu-

larization method for image blind restoration [ J].

Opt. Precision Eng. , 2013,21(1):151-157.

Fihir, TRA, AR, ZWBAREG AR IEN L

FGEEIRELI] k% 4% T 4,2013,21(5):

1357-1364.

LI W H. DONG Y L. TANG SH. Regularized

blind image restoration based on muti-norm hybrid

constraints [ J]. Opt. Precision Eng. , 2013, 21

(5):1357-1364.

AUBERT G, KORNPROBST P. Mathematical
Problems in Image Processing Partial Dif fer-
rential Equations and the Calculus of Variations
[M]. New York:Springer,2006.

WANG Y, YNAG J,YIN W, et al. . A new alterna-
ting minimization algorithm for total variation im-
age reconstruction [ J]. SIAM J. Imag. SCI. ,
2008,1(3):248-272.

E A e, BT GRS ER D R R

Ea R EERE] &5 R F7,2010,25

(6):873-878.

EER N

30 (1980—) AR A, 11 B
FA,2010 4F F K5 H TR % 315 1
T, FENFE R E A EGR
43 B % M 5 T B Y. E-mail:

ywbcust@sina. com

[22]

[23]

[24]

[25]

\

XU M F,LIU J H. Super-resolution image recon-
struction of aerial photography based on projection
onto convex sets[J]. Chinese Journal of Liquid
Crystals and Display, 2010,25(6):873-878. (in
Chinese)

Ak F L x g, k) 4k B JET DSP RS i o B
REMGEEEARTTLI]. & &5 RF,2012,27
(1):114-120.

DENG J Q, LIU J H, LIU T J. Super-resolution
image reconstruction technology based on DSP sys-
tem[ ] ]. Chinese Journal of Liquid Crystals and
Display, 2012,27(1) :114-120. (in Chinese)

B & kAR . A N B E S 2y 1 A
BEGEHERERLII] X5 % T 42.2012.20012);
2759-2767.

ZHOU L Y, ZHANG B, YANG Y. Image blind
deblurring based on super total variation regulari-
zation with self adaptive thresthod[J]. Opt. Pre-
cision Eng. , 2012, 20 (12) . 2620-2626. (in Chi-
nese)

RAFAEL C G, RICHARD E W. Digital Image
Processing [ M. Third Edition, Beijing: Publishing
House of Electronics Industry,2010.

SR, R & IML dE . o Tl R,
2008.

ZHANG Y M. Applied Optics [ M]. Beijing:
Publishing House of Electronics Industry, 2008.
(in Chinese)

IR e ot N - 2 U S

VR AR e AR A
> PR B A 3 AR MR, E-mail,

zhumingca@163. com

\ d

(RRILERE REWWT FEEH)



