% 43% F 9HI/2023 &£ 5 A/ SR

K EHRIK

Je RIS Tl & B
51\

B 414 e 27 R GE TE wE
Hr

BRE,RER, NEA

REM T RFOCE TSR, 54 K& 130022

WE X A BOE B 8 L FLAR B OE TR AN ) 2% A8 T 09 SRS I A, ) TS0 58 TR 7 ok FRAE (008 56 1 9] AR 0 Dl i o7 '
Ab S TR B IECFE A I 40 M HOW 2R G AR I R B T BRSO ' 2 A 3ok BRGS0 o B T T O A R A T PR B
B B P e R BUE N T A BeE R JF 2 i — R R it O ik o FUAIZ DT 0T 1 GB B R 5 4 e &
e, BB RGN SR AR 5 IR AR WA RIUTZ R SR PERE R 4

KER RBRARG; LA BUEBMES; BUTH T IR AP HOREG

RESES 0435.1 NEIRES A

1 5l B

ST R T OGO 150 7 ik
I A AT o 2 TN T 9 A M 1 22 e
62 R G A A S T Y SR
Bl T T [ e 1 b e
BRI AT L B4 A7 FE R T HE R T R Al
S T T TR O ST R A £
S KGR BB (LA LR I
BN AR B/ T AR T 7 2 kO
L A O N SR A R
0 L 7 AT 11 AR B B ok 1 A 0
BT H AR — B4 1 R

ST 0 5 M A (ML A) (4 Ok 2 R 45 52—
RT3 37 B0 O TR e ol 7 R — i R 4L
S0 B0 B, S R T — oL ) A
XF B — 4B R sl . Ea A T B AL
R 7 5 5 T AR R T T B0 B 0 R £ £
T2 JUROK 55 3 5/ | PRt 5 90 BB 2 4042 A 1
FUHLBR A B L AR AN . 0 B M B A Ty — A 3%
e 7R A L 2 B 4 o X A — A BT JE AT B
A B TT LS B 1O s ST S
R PR 2 AR T RO TE A IE T
FiI OG22 T0 4 FLAT AR BUI R B A2 B 25 0 2
MO B M B 2 R AE R 148 N Rt
T BT HR R L RE 05 DLAR e Y T R B 92 Bk B

71 i R AR
DOI: 10.3788/A0S222113

Al

W A 19 415 A B A S O, 08 B I ) 22 ) DB TR S
J 75 R A8 ik i 5 1) o e T AR K, S BO B 0 5O
T W SR B B A Bl DG FLAR L SR B A
JE 5 2 G0 T OE B M A S5 TR AR R A X 0 B
W 37 368 5'6 FL AR DG PR A B 58 ), A SO TSRS TR 1 36
IE B3 55 5 91 28 9 DI W o7 5 Ak S SR LSS A, I 40
THM RGENEREMRE M o (e MR B PR — Al T
AT A 2 AR A SRS IR TSR O R MO R A
Bt T — RGBSR S O R G

2 R
2.1 ERERAF

BT IR 45 R A RGE BE I 5 B R G
QA TR 7R, &G0 OE SR 51 B0 AR BRSO
. R GETAERE, Ok B % B L7 0747 0t R 2R £ 2
W3] 1 folas B A DL 09 i A a5 A B 3710 2 FP s B 1 i
S5 B 1 H o R AROE B Y S fR U IR 2
T BE B OCR B RE L. WER I RUE BE G 51 2
()75 D B% L DU 2 371 2 v Gl B 19 i 45 5UAH 25 T I8 1
HORH IO s B e £ T T A i R S R O T R A
A Z B2 037 09 06 SRORE Bl B B 4 AR R B R
HEA BB 2 40 AR 3 B A R PGSO, S B0
WTC VA UG 02 B B A1) e e FL A, R il T R gk
1R B B 51 B T 45 R TE SN [R], ARG A B 51 o Al
BRI Z I 5 &, AR S, 5 T 5 Ol SR T AR

Wi HE . 2022-12-07; fEEHHE: 2023-01-22; FABE: 2023-02-21; MEHEZBHE: 2023-03-09
ELWH: ERARPFIES(617050183) 75 M BHH & BRI (202002037jc)

EIEMEE . lzy@cust.edu.cn

0911004-1


https://dx.doi.org/10.3788/AOS222113
mailto:E-mail:lzy@cust.edu.cn
mailto:E-mail:lzy@cust.edu.cn

microlens array unit

===

crosstalk
beam

entrance pupil
position

exit pupil
position

& 435 E9HI/2023 £ 5 B/HEEIR

BT WGE B A R B RS

Fig. 1 Microlens array scanning imaging optical system

S ML AR A
B0 38 o 13 B R 41 e D' FLAR B DG RTE AN ] 2% 1R
N AR SEC ST AR SR TS TN ok A il B 1 5 ot
DI A7 5 Ak S PR S A AT A A ) T
W ., e, E L H
Sen

en T o s 1

s W
Sex

x T o s 2

0= g (2)

Ao .S, B A B % 38 6 FL AR TR 5 S, S, 43 il
SRy 38 L BN TRGE B A SR G AR R SO R AR . 6
175 55 W 1) % 3 o L AR [ AN AR B ol AR s B Y AR R
SR AN F . Hof . ARSI TN F o, 8 T
R HI BRI, 52 F2 40 i8I0 IR 5 L e Ak 1) 5 g
K F a, RE T R G0 89 1R £ (PSF) A il 4% 3
PREL(MTF) , 520 2R 48 0 AR 3 HER . T H X R 58
M e ™ AR S
2.2 HMES

fEH RS RIKIE R B M EAER S, EC A
b5 SRS R AR R A S 0L T RS hE
I8 B B RS IR B8 . AR VT 22 0 0 HOE 78 20 AR T
G AEHEEE T RGN E IR bR . R
a5 T 0 R SO0 RO B AY O R RE LR i
O b 0O BREE 5 W B AR L AR B OF 7 L E L R
TSR 2% 0 SRR b AR AR A B DA R A
I GE J7 , BROGH R MBI ALAR B K L4040 A B h
TGE e B 1 F 62 2 40 B BRI BE 2 iy f ]
VIR R

A ApeJet, 0T, F
R= , (3)
/ NVALG Ry
Aorh e RO BRI 8RB 5 A, O B0 B A 1 O FLAR T
BT HAR AR S i B s o W R P i o
TG R GE M)A 1L A E O BRI 041 35 0635 L 2R
Ay RN 25 0 ROE B G R R G R S RO 98
Ro AR R G AE MR e o il 20 C3) AT, X T 45 5 1Y
PR E bR, B KAGE 3 7, 6% R G809 A SO i 1 R
ALHDGE RGN 3 oAb, oA 2 BB 2 B E 1Y,
PR 1HG G Al 2% A AR 2 I, 385 01 2% 2R 5 0 A 80 i T AR
AT LA I b 38 0 B > GG B B 4 A DY L AR
T AR AR ), A8 [ 51 1 v Al B i AR R, AT DA el A
i o7 5 A 1) B 5 T T, R T R ) R 6 00 A RIS R THT
R CRE &, I AU R G 0 IR I BR RS . PRI IR B
B B2 EN 3R 1R AR R KA GE A 28T, SR IR 5
5 ONRE A B A A3 TR T o, 156 R IR W EL 2 BT R o

35

—r1,=1.0
| wenemes 7,=0.8
5 el ---7,=0.6 )
-—r=04
sm -
20 il
2 i
3 2 e
= 15 % S
2 o A
© 10 ST
8 ,,;‘//
8 5 A
0 0.2 0.4 0.6 0.8 1.0

P2 PRI EE B AR L 5 A 58 T o, Y A8 1 1 22

Fig. 2 Variation curves of detection distance with fill factor «,,

0911004-2



43 %5 F 9HI/2023 F£ 5 A/FEFIR

#1 WNEEGESH

Table 1 Simulation parameters of the detection distance
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Performance Analysis of Scanning Optical System with Microlens Array
Based on Fill Factor

Ge Zenghui, Huang Yunhan, Liu Zhiying"
School of Optoelectronic Engineering, Changchun University of Science and Technology, Changchun 130022,
Jilin, China

Abstract

Objective

Beam scanning has been widely used in laser radar and optical communications. Conventional beam scanning

methods with mechanical structures suffer from many limitations, such as large volumes, low switching speeds, and high
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powers. Optical phased array is a new technique that enables beam scanning, and phase modulator components used in

optical phased array scanning technology mainly include liquid crystal, optical waveguide, electro-optical crystal,
microlens array, and micromirror array. Electro-optical scanning device has some problems, such as low response speed,
high driving voltage, and difficult large-aperture beam scanning. The scanning technology with a microlens array has the
advantages of simple structure, miniaturization, lightweight, high scanning speed, and large aperture. Scanning imaging
optical system with a microlens array includes microlens array elements, and the rays do not fill the clear aperture of the
microlens array owing to the effect of scanning angle and microlens array structure. One property of the microlens array
system 1s that the wavefront exiting the microlens array is no longer continuous, and the motion of the microlens array
results in non-rotational symmetry of the system, which brings new challenges to the traditional design methods and
performance evaluation of optical systems. In this paper, a preliminary theoretical study is conducted on the performance
and imaging models of imaging optical systems based on optical phased array scanning technology with a microlens array,

which can benefit the design and evaluation of microlens array systems.

Methods The scanning imaging optical system with a microlens array is a combined optical system, and the scanning
function is accomplished by the motion of the microlens array. Firstly, the performance of the system is affected by the
discontinuity and periodicity of the beam passing through the pupil, and the fill factor is adopted in this study to
characterize the fill rate of rays at the pupil position of the microlens array system. The effect of the fill rate of the beam
at the entrance pupil position on the detection distance of the system is analyzed according to the formula of the
detection distance of the point target of the optical system in the infrared environment, and that at the exit pupil position
on the point spread function and the modulation transfer function of the system are analyzed according to the information
optics theory. Secondly, the paraxial optical model of a scanning optical system with a microlens array is constructed,
and a calculation method of the fill factor based on the paraxial optical model is proposed. The effect of the
system structure parameters on the fill factor is analyzed, and a design method of the scanning optical system with a
microlens array is proposed based on the calculation method. Finally, a scanning imaging optical system with a microlens
array is designed by using the proposed design method, and the design result verifies the theoretical analysis and design
method.

Results and Discussions Several important results are obtained as follows. Firstly, the detection distance simulation
results (Fig. 2) show that appropriately increasing the effective entrance pupil area is beneficial to increase the detection
distance of the system. The point spread function of the scanning optical system with a microlens array (Fig. 3) is the
product of the diffractive optical intensity distribution of a single microlens unit and the fixed periodic optical intensity
distribution with a grid pattern determined by the microlens array structure. The energy proportion of the zero-order
principal maximum in the point spread function reduces with the decrease in a,,, and more energy enters the other-order
principal maxima. Therefore, the resolution of the system degrades owing to the increased diffusion of the light spot. A
similar periodicity is observed in the modulation transfer function curve that does not decrease monotonically, and the
reduction in the fill factor a,, decreases the contrast at the middle spatial frequency. When the fill factor a., decreases to
25% , multiple zeros are observed before the true cutoff frequency, which indicates that a very small fill factor can cause
the microlens array system to lose a part of the object information in the middle frequencies. Secondly, the effects of
different parameters on the fill factor are analyzed. The results show that the system scanning angle and detection
distance are mutually constrained, and increasing the scanning angle needs to be accomplished by reducing the detection
distance [Fig. 6 (b)]. Increasing the value of I, [Fig. 6(a)] and decreasing the value of I, [Fig. 6(c)] are beneficial to
increase the fill factor of the system. Finally, an optical system consisting of two square microlens arrays of 5X5 is
designed, with a fill factor a,, of 0.16, @, of 0.87, and scanning angle of +4°. For a point target with a radiation
intensity of 0.5 W+sr~', the detection distance is 7. 8 km when the average transmittance of the atmosphere is 0. 4. The
simulation results show that most energy of the point spread function of the design system is concentrated in the zero-
order principal maximum, and the dispersion degree of the diffracted spot is low [Fig. 9(a)]. The contrast decreases in
the middle spatial frequency of the modulation transfer function curve [Fig. 9(b)], but it is not obvious. The geometric
radius of the maximum spot in the spot diagram is 4. 76 pm [Fig. 9(c)], and the performance of the designed system is

excellent.

Conclusions The scanning imaging optical system with a microlens array is lightweight, and the displacement of the
mechanical movements is small. The rays do not fill the clear aperture of the microlens arrays during the scanning
process, which affects the detection distance and imaging resolution of the system. The fill factor is proposed for
characterizing the fill rate of rays at the entrance and exit pupil positions of the microlens arrays system, and its effect on
the detection distance, point spread function, and modulation transfer function are analyzed. On the basis of the paraxial

optical model, a method to fast calculate the fill factor is proposed, and a scanning imaging optical system with microlens
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arrays 1s designed. The simulation results and theoretical calculations are in good agreement, and the design results show

that the performance of the system is excellent. This work can benefit the design and evaluation of microlens array

systems.

Key words imaging systems; beam scanning; microlens array; fill factor; detection distance; point spread function; optical

transfer function
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