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Fig. 1 Structure diagram of SPIDER
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Fig. 2 Schematic diagram of microlens array structure
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AN B . 54 TV B R R £1 ERTFBRGEHABH
S B 2, SR E A L 22 1, =R OR R W B kR Table 1 Simulation parameter of SPIDER system
N 4 FT7R o AR S 37 b B 07 FOR AR BT Y L 15 5 Parameter Value
Mk 52 MR 1 5~ & 10 Fir s, AS [R] 9 325 455 (1] B X Wavelength A /nm 1600
@‘W/E lg{%ﬁfﬁﬁ (a)’\’(f)ﬁ’/f? *5‘ ic, ‘VR/E E{% Xﬂ‘ﬂj Observation distance = /km 600
RMSE F1 PSNR 415 2 3R 3 7R . . .

Microlens diameter D /mm 1

MG 2 = TR B BT, e 2 A 2 AL

b2 /(2X) AR AT ) BOB BEWE I 5 MY ST Microlens focelfength /i .

2k B 45 ) T OE B . W T S % 2R 28 1R Number ofinterference arms M 87

B 4RGN RL R 200 m B B0 B ] B % /T Number of microlenses per column N 104
2.4mm. XES~K 7L 204 FRIEFT M, AT L Linear feld X /m 200
S B T 1~2 mm B 9 TR 100
RMSE 1 PSNR 2 B AH % e 1 & 3, I BG40y L1
F 106 52 A5 R S 5 0 ) G 00 90 I T BT AR T . 4R Angular field frov /() 0.57"

17, 24 3035 5 6] B P 2 mm 3510 %) 3 mm B, %8 % &

B4 W H AR (a) Hs 15(b) AR 2;(c) HAR 3
Fig. 4 Observation objective. (a) Objective 1; (b) objective 2; (c) objective 3

IS5 WL H bR 17EA ) i e K TN R 45 28R (%5 200 m) o (a) 1 mm;(b) 2 mm;(c) 3mm;(d) 4 mm;(e) 5 mm;
(f) 6 mm
Fig. 5 Recovery results of observation objective 1 at different minimum baseline lengths (linear field of view 200 m). (a) 1 mm;

(b) 2 mm; (¢c) 3 mm; (d) 4 mm; (e) 5 mm; (f) 6 mm
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B 6 I H bR 248 A A B i B R KT MR A 45 R (3% 28 200 m) o (a) 1 mm;(b) 2 mm;(¢) 3mm;(d) 4 mm;(e) 5 mm;
(f) 6 mm
Fig. 6 Recovery results of observation objective 2 at different minimum baseline lengths (linear field of view 200 m). (a) 1 mm;

(b) 2 mm; (c) 3 mm; (d) 4 mm; (e) 5 mm; (f) 6 mm

F7 LI F AR 3 TE A ] R S B 2 1K R N R A 45 2R (3% 4 200 m) o (a) 1 mm; (b) 2 mms (¢) 3 mm;(d) 4 mm;(e) 5 mmj;
(f) 6 mm
Fig. 7 Recovery results of observation objective 3 at different minimum baseline lengths (linear field of view 200 m). (a) 1 mm;

(b) 2 mm; (¢) 3 mm; (d) 4 mm; (e) 5 mm; (f) 6 mm
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[a] B& /N F 4.8 mm ., 28 X /] 8~ & 10 Al 5% 3 il 2% 32.89% . 29.58% , %t W PSNR 43 5 F K& 23.41% .

PEAT M, Al LA A B, 24 6008 B (8] B% A 1~4 mm B, PR 29.50% .29.98% .
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s Wi HAR I7TEAFRRERERKETHME LR (WIS H100m).(a) 1 mm;(b) 2mm;(c) 3mm;(d) 4 mm;(e) 5 mm;

(f) 6 mm

Fig. 8 Recovery results of observation objective 1 at different minimum baseline lengths (linear field of view 100 m). (a) 1 mm;

(b) 2 mm; (¢) 3 mm; (d) 4 mm; (e) 5 mm; (f) 6 mm

B9 WM EHFR 2 A I AR K E TR EZ R (M 100 m).(a) I mm;(b) 2mm;(c) 3mm;(d) 4 mm;(e) 5 mm;

(f) 6 mm

Fig. 9 Recovery results of observation objective 2 at different minimum baseline lengths (linear field of view 100 m). (a) 1 mm;

(b) 2 mm; (¢) 3 mm; (d) 4 mm; (e) 5 mm; (f) 6 mm
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E10 WL H AR 3 7E A [ 5 B BR 2R K B8 T iy A2 25 1 (%28 100 m) o (a) 1 mm; (b) 2 mm;(¢) 3 mm;(d) 4 mm;(e) 5 mm;

Fig. 10 Recovery results of observation objective 3 at different minimum baseline lengths (linear field of view 100 m). (a) 1 mm;

(f) 6 mm

(b) 2 mm; (¢) 3 mm; (d) 4 mm; (e) 5 mm; (f) 6 mm

2 WY 200 m K A R RMSE Il PSNR
Table 2 RMSE and PSNR corresponding to the recovered image at a field of view of 200 m

Lens distance /mm

Image Evaluation metric
1 2 3 4 5 6
(a) RMSE 89.8945 89.6899 119.0260 113.4020 119.1140 112.0430
Fig. 4(a
PSNR /dB 9.0561 9.0759 6.6179 7.0384 6.6115 7.1431
(b) RMSE 96.9002 96.7268 129.5950 126.1650 127.0960 128.5600
Fig. 4(b
PSNR /dB 8.4043 8.4199 5.8790 6.1120 6.0482 5.9487
(o RMSE 107.3200 107.2600 138.9920 128.5290 130.9190 133.2670
Fig. 4(c
PSNR /dB 7.5172 7.5220 5.2710 5.9508 5.7907 5.6364
RMSE 98.0382 97.8922 129.2040 122.6990 125.7100 124.6230
Average
PSNR /dB 8.3259 8.3393 5.9226 6.3671 6.1501 6.2427
#3100 m X R KA % RMSE 1 PSNR
Table 3 RMSE and PSNR corresponding to the recovered image at a field of view of 100 m
Lens distance /mm
Image Evaluation metric
1 2 3 4 ) 6
(2) RMSE 89.6507 90.1033 89.8676 90.1259 114.9750 119.1210
Fig. 4(a
PSNR /dB 9.0797 9.0360 9.0587 9.0338 6.9187 6.6110
( RMSE 97.0087 97.1276 97.0658 97.2557 129.2460 129.8130
Fig. 4(b)
PSNR /dB 8.3946 8.3840 8.3895 8.3725 5.9025 5.8644
(o) RMSE 111.5010 107.4812 107.2060 107.4350 139.2170 139.1460
Fig. 4(c
PSNR /dB 7.1853 7.5042 7.5265 7.5079 5.2570 5.2614
RMSE 99.3868 98.2373 98.0465 98.2722 127.8130 129.3600
Average
PSNR /dB 8.2199 8.3081 8.3249 8.3047 6.0261 5.9123
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Abstract

Objective The angular resolution of an optical system is inversely proportional to the aperture size of the telescope.
However, increasing the telescope’s aperture places higher demands on precision manufacturing, and large aperture
systems often require complex mechanical structures. This leads to high production costs, longer manufacturing cycles,
and stricter rocket launch requirements during orbital deployment. Therefore, achieving lightweight and low power
consumption while maintaining high resolution is a critical challenge for optical systems. To address this, researchers at
Lockheed Martin and the University of California, Davis, have proposed integrated interferometric imaging technology.
By combining the microlens arrays with photonic integration chips, they process optical signals from matched lenses to
capture complex coherence across multiple spatial frequencies, corresponding to the far-field target. Using the van Cittert-
Zernike theorem, the light intensity distribution of the observed target is reconstructed through inverse Fourier
transformation. Current research on integrated interferometric systems mainly focuses on three areas: microlens array
structures, photonic integrated chip designs, and image recovery algorithms. These studies have primarily focused on the
simulation process of the photonic integrated interference system. However, they only consider the coupling efficiency
from the microlens array to the optical waveguide as the limiting factor of the field of view, without adequately
investigating the influence of spatial aliasing caused by the discrete spectral distribution. To address this gap, we examine
the effect of the minimum baseline length on imaging in integrated interferometric systems, which is crucial for advancing

their practical application.

Methods The study involves both theoretical analysis and computer simulation. First, we construct a frequency domain
filter and perform an inverse Fourier transform to obtain the spatial convolution kernel of the integrated interferometric
system. We then analyze this convolution kernel to determine the maximum object field width that prevents spectral
aliasing. A computer simulation process is designed to verify these theoretical conclusions. This simulation includes the
following steps. First, the observation image is input, followed by the construction of the microlens array based on the
existing cobweb layout. Next, the coupling efficiency for each object field, corresponding to different microlenses at
various positions, is calculated using the coupling efficiency formula. Then, interferometric baselines of different lengths
are constructed through head-to-tail matching, and the complex coherence is achieved using the four-step phase-shifting
algorithm. The image is then reconstructed using the inverse Fourier transform, which is used to calculate the image width.
Finally, the quality of the recovered image is evaluated using root mean square error (RMSE) and peak signal-to-noise ratio
(PSNR).

Results and Discussions Based on the sampling theorem, we analyze the field of view of the integrated interferometric
system, highlighting the spatial aliasing effect caused by head-to-tail matching of microlens arrays. The relationship
between the minimum baseline length and the field of view is then derived. Based on the principles of the integrated
interferometric system, a simulation process is developed to enable imaging of the observation target by adjusting the
minimum baseline length. The simulation results demonstrate that when the minimum baseline length exceeds the field of
view limit, the system’s imaging quality significantly degrades due to spatial aliasing. This confirms the constraint between

the minimum baseline length and the field of view size.

Conclusions The analysis demonstrates that increasing the minimum baseline length improves the system’s resolution.
However, surpassing the maximum field of view limit leads to rapid degradation in imaging quality due to spatial aliasing.
Therefore, while increasing baseline length improves resolution, the limiting effect on the field of view must be carefully
considered. By adjusting microlens spacing, two operating modes are proposed: short-baseline for a large field of view and
long-baseline for a small field of view. This strategy aims to optimize the performance of integrated interferometric systems

across various application scenarios.
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