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Abstract

In this paper, a curved compound eye camera system suitable for UAV-borne high-performance imag-
ing is designed, and it has the characteristics of a large field of view, high resolution, and miniaturiza-
tion. The system consists of a curved sub-eye array, a relay image system, and a planar receiver, with a
sub-eye focal length of 12 mm and a field of view of 6 degrees, and a relay image rotation system with
a focal length of 8 mm, and a sensor with a pixel size of 3.75 pm. The introduction of the relay image
rotation system makes the parameters of each sub-eye completely consistent and transforms the sur-
face image of the curved sub-eye array into a planar image that is convenient for the plane receiver to
receive. The total field of view of the system reaches 112°, the volume is only 60mm x 60 mm x 72 mm,
the F-number is 3.5, and the focal length is 3.75 mm. In aerial shooting at a distance of 500 meters, the
ground resolution reaches 0.5 meters. The simulation results show that the MTF values of each field of
view eye of the system at the Nyquist cut-off frequency are all greater than 0.3 and meet the require-
ments of the “Q5” level of the tolerance table of the optical imaging system. Finally, the simulation anal-
ysis verified that the system can work normally in the temperature range of —-20°C to 50°C. Compared
with the existing UAV-borne camera system, this design achieves a larger field of view and higher
ground resolution while significantly reducing the system size, providing an innovative solution for
high-performance imaging of UAV-borne cameras.
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Figure 1. Schematic diagram of the surface arrangement of the sub-eye
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Table 1. Design indicators for compound ophthalmic systems
* 1 ERAFRFRIHER

RGESZH witfabs
B 0 112°
b ENGE| Ay
F % 35
FIRWY o 6°
FHRfLIE D 2mm
HHIR A 10°
INIITEA A IZHLS 6
TIRAHn 91
FHREEEE fu 12 mm
MRLEE FCHR G

HRAE RIS A ST 15 IR R SER B AR -
1000 _ 1000

., yquist = —— =133l p/mm 7
v Yd 2p 75 p (7

THR B =B ARk 1 2 R 3 il fEoR T AR S TRR I AE R ra 51 B B 4% i3 pR 2 (Moduulation
Transfer Function, MTF) &

‘— — — —
o ———
15 mm
HmEE
2025/4/7 Zemax
AR 14.12323 nm Zemax OpticStudio 19.4
FHR-2. ZMX
1SR

Figure 2. Sub-eye structure diagram
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Figure 3. Simulation analysis diagram of the optical system for sub-eye imaging
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Figure 4. Schematic diagram of the structure of the relay image conversion system
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Figure 5. Simulation analysis diagram of the relay image system
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Figure 6. Schematic diagram of the structure of the compound vision system
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Figure 7. MTF simulation analysis diagram of compound vision system
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Figure 10. Simulated analysis of MTF diagram of compound vision system at —20°C
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Figure 13. Diagram of the 50°C simulation analysis point of the compound vision system
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