CRVECHE BUE" o R TR Vol. 17 No. 10
2009 4E 10 A Optics and Precision Engineering Oct. 2009

RER . XIELFALEFRA LSRRG LF RS FRAFZELEAFTTRATEN, AEER
NAZIHBRRGA T, A AFHBEARRCEYFET AR EH AT LA, FEERINSEZ
LERKF R ATRERAFEEL ANERH, £ETHRHERL AN AHHRAAERS
IR R X FEE—RREEREEFFRAT TR IIAF R -AFEEL, L RL,
A B % LA | AL ARAR IR IR A e, A S L F P A ib, AR S A K P RARR 0 KR .

XEHS 1004-924X(2009)10-2620-07
MRAREGTRUFREZTEDHER

MGHF2 K L REFVKREELEIRA L TEL]
(LPERZR KELFRENRENEREF LE AR et bR
PERFREALRE.FMA K& 130033;2. # EAFR A% £ K. LF 100039;
SWEMER KAELFRENME MAEF XA EH K& 130033)

FEE O 1RO R G AR P I 5 43 B R AR A T A X g AR % 4 B R AR A R R R — R MO
DX 1% U 380 08 8 RN i ) — D T S TR AR T IR D 4% 1 B 20 BE AR 0T s . LR B R 20 B B R A A R oE R
T5 L S K B BRI S AR AR T B — "R TR BRI AL 1/4 GRS F) 2 ST B 45 T AR D % B 91 3 B — ) 5
FAEAE AL 1/2 AR T 10 R VG 5 55 ) R B 1 530 3k S8 PR 09 K B S0 WA 6L T Al e 4 W o o B LR . i ik
AT [ B 4 o R 00 45 1) SR AR AT A A LB A L AT B L AT S B i 4 BE R LR . O T SRR I T I I RO L 7E U v
BUEFEHE T 100261 46 pmX 46 pm HJE LLAMEM# A AEBE N 6 000 mm, F 42K 600 mm (L1 4h P47 H6 45 A4 JIE R
50 mm f L AMEE Sk AR L USRS SR AT AT R 0 43 BEAE S 11,04 mms b SR AL HOR AN 43 FE R4 5 1. 60 £, 9 0y
S3FEAE 6.9 mm TR 5 B AR TT AR DN 4588 20 B AR 07 ¥ TE IR T R OT R IR AR 23 pm X283 pm SR W07 0 BER
5 3.1 mm,

X 8 WA ERGFBEAKRMNE E T,

hE4 %S . TN215;TP391 ERFRIRED A

Enhancing spatial-resolution with detectors of special-shaped pixels

LIU Yan-yan'?, ZHANG Xin', XU Zheng-ping®*”’,
ZHANG Jian-ping', WANG Ling-jie' , WANG De-jiang’

(1. Key Laboratory of Optical System Advanced Manu facturing Technology ,
Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences,
Changchun 130033, China;2. Graduate University of Chinese Academy of Sciences,
Beijing 100039, Chinaj; 3. Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun 130033, China)

Abstract: For the overwhelming majority of E-O imaging systems, spatial resolution is strictly limited by the
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detector. This paper studies the main reasons for the influence of the detector on resolution and proposes an
imaging method based on special-shaped detectors to enhance the resolution. It is implemented by two detec-
tor-arrays of special-shaped pixel where each pixel is reduced by 25% in size. The multiple mis-registered
frames are used to solve the grayscale matrix and reconstruct the super-resolution image in the post-detection
processing. It presents a theoretical assessment that if a small part of the active area of each pixel is deducted,
the frequency-response distribution of the complement will be equal to that of the deducted part independent of
the amplitude. To demonstrate the arrangement, a MWIR experiment is undertaken, then two 46 pym>x46 pm
linear arrays with a 100% full factor are chosen initially and a quarter each pixel is removed. The result dem-
onstrates that the bar-contrast interval is discriminated in an objective space by up to 3.1 mm using an optical
system composed of a 6 000 mm f/10 collimator and a 50 mm IR lens. By contrast, it is equivalent to an
11. 04 mm with conventional imaging method and 6. 9 mm through oversampling technology. The study veri-

fies that the most visually pleasing image or some specific information can be captured by system-matching from

optics to electronics for better processing, and including some pre-detection and post-detection processing.
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Fig. 1 Special-shaped pixel
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Fig. 2 Field butting

F1 ERABAELEEMNMERTAXNEHRKERE
Tab.1 Grayscale value at each quarter of

a pixel in scanning direction




10

XU o 45 ) S AR T 4R 00 A B o 2 18] 0 R

2623

AR 2 R 1 6 T A5 21 B9 K B 5 RE R

1 1
Vel :g (a, +a21 +a22 ) Yright, :g (an +a12 +a21 )

l (Cllg +a13 +d22 )

1
Vieft, :g (a; +a22 +a23) right, — 3

l ((llg +a14 +a23 )

1
Yieft, :g (ay tas +ax) righty, — 3

1
Veeft _3 (ay,, +a2.(11 D +a2.n) Dright, —

S I AR T DM o 1) 0 B A A5 5 3 mT o B
et RoF y— Mg 0T 181 3 frs . s g id

1
*3(“1.(” D +a1.n +a2.,(n )

(SIRIN i & S ST DL L

Fig. 3 Bar contrast with half-a-pixel size

FAEFE AR ITCEE PN . N E 5T n AR JC R
Hegy A K BEAE S AR A L = () AR (4) B A i

AT ff H5 20 5 i B3 0 K JEE DT A RE 15 WA+ B
AR R
1

Y1 = a11+021+a12+6122)

4
1
Ve *z (ai; +azz +a13 +a23)
1
o

(a15+ao +a14+a>4 . (3)
1
71((11.(”—1) Jrae.(n—l) +ai,ta.,)
V1T Yo T V3Tt T Vs (4)

4 MTF +¢4&

HE FATHDG A% 1 B OTF R4 1% 2%
TG B A I AR &, Hrh OTF i 52 3 1 4% 3
BRI MTF, J LR W] & FOOR I (L i 5 0. OTF
O T 1 T 4R 2% 1 O R 0 W R M s ) AR AR
TR AE AR G0 03X B IR M B S AT B

D Y BIT AAS T A2 2 ) A A P 75 3R A 11K 140
X — BB & G R G5  AIRD & b i AR
FAE—ER R, AR AOEHE RS AL 8 o
B0 A BE 187 50 1) T LA 7 R S8 9 15 328 bR BUR 3
MRS R T REME DX S 0], 0 =+ 24k &
A E K — B AN BT SR D s 0
MTF LA K 55T 5k R A I 3 i) o S % R P RE
MBS M h . iR R R 5 6 25
WL P R 46 45 1 45 08 4 T L 45 3401 & AR 2
SRR A% 1) MTT &ty B8 5T 2O X4 ik e o
V75 AR DN 5 SR AR 4 T T s [) 25
MTF i () =MTEF i () XMTEF (upiing ()
(5
Z BRI A% 24 S EFE IR AR T, R A SR IE
LI 434 e =4k MTF .
MTF . cuungle =sinc(P ¢ f,)sinc(P « f,) X
sinc(d, * f.)sine(d, * f,) .
(6)
Hop £ ok MG 5 W 2 R P2y 0] 8
TG RSE s, o dy S WA T5 1] 45800 45 19 R
FE ] 3
T S AR TR I 2% 2% 1 B0 X AY IR AR LA &
RAE B 280 A P i TR 6O kA . B T4
BOTIEOGIX N 2 2Rk 2S RS A8 P BT LI AT AT
A F e P 2 in it 1 DA R 37 5 4 FEL 2 4 4 5 2.
A SICAGTCIOE X ) MTF, R 3% 8415 00 i Ak
LN (S I T N S W 1 (1197 < S LT
(P/4.P/4) Jl L i3 54 B AR T i S 9 Bl e
KR 5 L R ok SRR B R oo i) MTE, B 5
(7,

(54

K4 Booin i

Fig. 4 Coordinate of one pixel
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