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Research and design of single lens high resolution imaging system

Xu Ning, Fu Yuegang, Pu Dong
(School of Opto-Electronic Engineering, Changchun University of Science and Technology, Changchun 130022, China)

Abstract: Single convex lens can image objects outside of the focus length, there are a variety of
problems, such as different forms of aberration and low resolution. The larger the aperture is, the lower
full field MTF is. Multiple lenses are used to correct aberration. The liquid crystal spatial light modulator
and micro scanning optical wedge were proposed to realize high resolution imaging with the single lens.
It is suggested to use Zygo interferometer to measure single lens with Zemax software simulation
wavefront, the Zernike polynomials was applied to describe the distortional wavefront, the conjugate
grayscale map was drawn to load in the liquid crystal spatial light modulator and calibrated wave
aberration. The optical wedge of 21" was rotated to complete 2x2 micro scanning. Four low resolution
images, through Keren registration and structure-adaptive normalized convolution algorithm, ultimately
were synthesized into a high resolution image. The image resolution is promoted to 1 348 LW/PH at
MTF50, which proves its effectiveness.
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Tab.1 Fringe Zernike coefficient of object high half of field of view at 500 mm

1 2 3 4 5 6 7 8
6.539 201 35 0 1.056 694 37 7.104 169 97 —0.427 790 08 0 0 0.527 809 79
9 10 11 12 13 14 15 16
0.567 613 26 0 0.000 971 25 0.000 469 17 0 0 —0.000 348 03 0.002 663 20
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Fig.6 Measurement structure diagram
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Fig.8 Phase modulation curve of X10468 series modulator
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Fig.9 Modulator driver software to load the Fresnel grayscale image

1.5 BT E A SFBREMRIITMH

Imatest +&3¢[E Imatest LCC /A &) A& By — ZX B
7z N BB G AE I B, ARG T
Matlab # 57 , & T 2T RERI P, U SFR,
Colorcheck . Stepchart 45, Imatest 2K T B AR B A HY
23 [BI4BR A N (Spatial Frequency Response, SFR) il
it MTF M4, AUT 70 AT B — s (R} £ B2 9 2 L
{6 RHR K % (Slanted Edge) BV Al 345775 MTF fh£k,

ANIET 10 Frzs , BAs (A1 A3E 32 0 7 f) MTF50 45
KE K E R A S 1348 LW/PH, W i 5 TR
1N #% 0K BE B Yy 337.8 LW/PH, H: line width/pixel
high 225 [ 43 0 J: 19 B FRERZR SE M5 R . B
i 25 (DGR 2% O T RS BT, % i T e A kS )

(b1) After loading

MTF 50=0.165 cycle/pixels
=337.8 LW/PH

SFR (MTF)
(=)
N

=
S

1
| Nyquist
1

1 1 1 1 1 1
0O 01 02 03 04 05 06 07 08 09 1.0
Frequency/cycles-pixels’

1118001-4



9Nk TAE

% 11 4 www.irla.cn %2 46 A
_ (a2} Before loading
(b2} After loading
Edge profile;perpendicular 1.0
1280 pixel* 1024 pixel MTF 50=0.6582 Cy/pix
(W) ~1348 LW/PH
1.31 Mpixs 081
ROI: 25 pixel =39 pixel 10%-90% rise=0.85 pixels =
1904 ne
g 1204 per PH ; 0.6 E
e 1
g =
E o !
= Y04t '
i
L}
1}
0.2 i
I\'yquixli
L}
- - . . . . . 0 L L L i i L L
0 o 02 0.3 04 0.5 06 07 08 09 1.0
L 4 2 ) Z 4 8 8 1o Frequency/cycles pixels’
Pixels in perpendicular jueneyeyeies pirets
P 10 N AT Ja 2 R X L
Fig.10 Comparison of results before and after loading
Tﬁﬁj{ﬂ/‘]&ﬂixﬁzﬂq o Optical wedge Single-lens

2 WHEMNEIWEE

RIS RS0 K 130 W 12 1) CMOS Sensor,
HAZTCRAT R 5.2 um 38 358 W 4 25 () S 18 1) 28 A 1E
i A% 387 1T J5 , CMOS Sensor 1443 # R FR il T & | i
BIRS ., A CMOS Sensor HYFEAE |, 5 Eid
b A Y T 2R i AR R

T R IERT T [F]— 3 e A T 2 R ek R
PRI, BEUCRAEFR N 53R T U AGOR BRI Y
KAEFTRF RN EMGIC SR TR, SR He BRGS0
RRR ST RAE TS B G T B A, et b A
B RPN IR . T 246 | TR S
H R SRR LSS SR/, RO BUAG2
DARGRE R[] 3 B AR A o 25 ] 3 B i

e EE, R B 2 | H A A ROR
BEREH BRI R  TEART R b, 2 2x2 A
Jr A FAR R R ST R 4 4 i IR
h RSB R — i A BRI R 2%2 1

P, AR
PRl : =(n—-1) e (2)
PR A= 5, (3)

R IR A 6 AR A A AR 2] J AL )
ok 217, 00 TR BE SR 27, dn &l 11 f i 45 A S5
R

I

[

[GRANGESETET )

Fig.11 Micro-scanning structure principle

RGO BEAT e ], e R AR U L R
I A B AR L DL A SRR B B 40
G e B oy Bl 45 B AE 45° (135°,225° F11 315°
X 4 SRR 90° L B HEAT JORFEUR (N 12
Oy R A BT R ), U AR SR A AT AR SR 2
THT BB AS 1 - P=L/2) b L R R AT 4

%mz%ﬁzaz%m

B 12 1 4 B RS A

Fig.12 High-resolution image reconstruction principle

1118001-5



9Nk TAE

% 11 21

www.irla.cn

% 46 %

SRy B e R 1o 4 B S i R R S I 1 % T
P, B s HE TGS T 2o AR AL B R 2=
K, RHET Keren Fit v 45 3E b 19 T —4b %
R R 5 o o R PR A B BB
HE S5 I 43 3R UG AR 8 722 e B S5 38 1 3 %6
WA% b, AR AR S BUEARH FE B R R R (E, AT
HH RS PR ER, Rz AR A
R 'Y S B (POCS) ¥ 16 4 1 225 A 1) LB
3 B o B R T AL AT S LT LA
IZEFAE—ERG R BN, X 4 I RGP AH XA
VR ZE AN URY 7R R E A OR A —E r i,
SRR, B FRE Y 2 i o R R
Bk, NFR 2 ATLUE AL AT R T v 2 —
BENNEZESR, BRETTEERF RN 1s,
Rl Keren Bc #ES50L OO0 S0 7 TR BE B OKG BE ™

% 2 Keren BB LR
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