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Fig. 1 Schematic diagram of field of view mosaic of composite

aperture system
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Fig. 3 Overall structural diagram of composite aperture optical
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Table 1 Basic parameters of composite aperture optical system
Parameter Value
Total field angle 2w /(°) 24
Center sub-aperture field angle 2w, /(°) 6
Edge sub-aperture field angle 2w, /(") 12
Radius of base R /mm 336
Number of sub apertures N 5
Angle between optical axes of adjacent sub apertures Ag /(°) 6
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Table 2 Overall design indexes of composite aperture optical

system
Parameter Value
Detection distance /km 20
Target size /m 6
Imaging band /pm 3.7-4.8,7.7-9.5
Detector resolution /(pixelXpixel) 320X 256
Pixel size of detector /pum 30

WHE S s a i BAR KN R osf R G0 R

PG (18) FIE A FLAR 2 R G S HnT i+
e o N - 1 I I e =S SR A o | R ey =
200 mm F £’ = 40 mm.

R v 4 U 21 A0 A R 2% B AR T RF R/ e
AR 2 5 R AR G0 1 4% 2 BT R AR TR A3y
1000 1000
2u 2% 30
3.2 HLOFARRSZITRERIEMN

AT LLAM R B G AL R e & vk
AN B AR R LD AN B . D LR R Gk
FRAbR N R 3 R, Horh FBUR 622 R 48 A0 0 14 1) £
B MY D25 T AR BLAR B DUAERE , B F 3% T AR
EIPWN WK

FNyquisl: %17 1p/mm ° (19)

# 3 LTt REMERESE AR

Table 3 Performance indexes of central sub-aperture optical system

Parameter

Value

Working wavelength /pm
Focal length /mm
F number

Field of view /(°)

3.7-4.8 (mid-wave infrared), 7. 7-9. 5 (long wave infrared )
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4
6
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Fig. 4 Structural diagram of central sub-aperture system
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Fig. 5 MTF curves of central sub-aperture optical system. (a) L.ong wave infrared band; (b) mid-wave infrared band
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Fig. 6 Wave aberration maps of central sub-aperture optical system imaging in different bands. (a) L.ong wave infrared band; (b) mid-

wave infrared band
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Table 4 Performance indexes of edge sub-aperture optical system

Parameter

Value

Working wavelength /pm
Focal length /mm
F number

Field of view /(°)

3.7-4.8 (mid-wave infrared), 7. 7-9. 5 (long wave infrared )
50
4
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Fig. 7 Structural diagram of edge sub-aperture optical system
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Fig. 8 MTF curves of edge sub-aperture optical system. (a) Long wave infrared band; (b) mid-wave infrared band
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Fig. 9 Wave aberration maps of edge sub-aperture optical system imaging at different bands. (a) Long wave infrared band; (b) mid-

wave infrared band

3.4 PHERRZIEITRERITEN T, T TR 22 B0 i R0 45 2~ 187, DA T 77 75 15 T DT
A LR RGBS M R IR R AR R g — A BCAY ), 3 A g B T S AN S TR o

#5 &I VCE T B X

Table 5 Comparison of image plane matching schemes

Scheme Advantage Disadvantage

. . Whole system has small volume and field of o .
Matching curved surface image sensor Complex process and difficult manufacturing

view exceeding 150°

Adding optical fiber bundle relay Field of view can reach 140°and matching System volume is slightly larger and there are

image conversion system difficulty is low few imaging channels

Adding optical relay image conversion  There are many sub-eyes with field of view o
System volume is slightly larger

system exceeding 120°

Design for different layers and . o Field of view is less than 100° and number of
Whole system is small in size

different focal lengths sub-eyes is insufficient
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Table 6 Performance indexes of relay image transfer system

Parameter Value
Working wavelength /pm 3.7-4.8 (mid-wave infrared), 7.7-9. 5 (long wave infrared)
Focal length /mm 3.4
F number 4
Field of view /(°) =30
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Fig. 10  Structural diagram of relay image transfer system
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Fig. 11 MTF curves of relay image transfer optical system. (a) Long wave infrared band; (b) mid-wave infrared band
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Fig. 12 Point sequence diagram of relay image transfer optical system. (a) L.ong wave infrared band; (b) mid-wave infrared band
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Fig. 13 Grid distortion diagram of relay image transfer optical system. (a) Long wave infrared band; (b) mid-wave infrared band
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Fig. 15 Energy enclosed diagram of receiving optical system. (a) Mid-wave infrared band; (b) long wave infrared band
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Table 7 Focal length values of different bands of central sub-

aperture at different temperatures unit: mm

Temperature /  Focal length value at ~ Focal length value at

C mid-wave infrared long wave infrared
—40 199. 928 200. 096

20 199. 928 200. 087

60 199. 925 200. 083

SR T~ R, PR R G AT U L AL
ARG 4k R G m ARR I B R B R i AL T R Gk
G . E 16 g FFLAE a2 R g e il /K
B BRI B o2 MTF i £

To AL 5E UG O T LR R 40P I BEAS )
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Table 8 Focal length values of different bands of edge sub-aperture at different temperatures

unit: mm

Temperature /°C

Focal length value at mid-wave infrared

Focal length value at long wave infrared

—40
20
60

49.9043
49.9039
49.9037

50. 0000
50. 0000
50. 0001

Table 9 Focal length values of different bands of relay image transfer system at different temperatures

RO RARIAR ZR L TR P BEAE A [ B T A £ B A

unit: mm

Temperature /°C

Focal length value at mid-wave infrared

Focal length value at long wave infrared

—40 3.39992 3.40254
20 3.39750 3.40000
60 3.39586 3.39823
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Fig. 16 MTF curves of central sub-aperture optical system at different wavelengths under high and low temperatures. (a) Long wave
infrared band (—40 °C); (b) long wave infrared band (60 C); (¢c) mid-wave infrared band (—40 °C); (d) mid-wave infrared band (60 “C)
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Fig. 17 MTF curves of edge sub-aperture optical system at different wavelengths under high and low temperatures. (a) Long wave
infrared band (—40 °C); (b) long wave infrared band (60 °C); (¢) mid-wave infrared band (—40 ‘C); (d) mid-wave infrared band (60 °C)
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Fig. 18 MTF curves of relay image transfer optical system at different wavelengths under high and low temperatures. (a) Long wave
infrared band (—40 °C); (b) long wave infrared band (60 C); (c) mid-wave infrared band (—40 °C); (d) mid-wave infrared band (60 “C)
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Table 10  Tolerance allocation of composite aperture optical system

Parameter Value
Tolerance of radius of curvature, thickness, eccentricity /mm +0.02
Tilt tolerance /(°) +0.02
Surface irregularity 0.2
Material refractive index tolerance +0.001
Abbe number tolerance +0.5
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Fig. 19 Tolerance analysis of composite aperture system
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Design of Infrared Dual-Band Confocal Composite Aperture
Optical System

Dang Gengming, Gao Ming ', Fan Chen, Chen Yang

School of Opto-electronic Engineering, Xi'an Technological University, Xi'an 710021, Shaanxi, China
Abstract

Objective  Traditional photoelectric reconnaissance equipment belongs to the single-aperture optical system, but the
single-aperture optical system cannot effectively obtain the depth, precise position, and velocity of the target. In addition,
although the resolution of the telephoto system in a single-aperture optical system is high, and the detection distance is far,
the field-of-view angle for detection is small. Thus, it is difficult to carry out a real-time search in a wide area. Moreover,
wide-angle cameras are usually short in focus and low in resolution and are not suitable for remote target detection and
recognition. As a consequence, the single-aperture optical system cannot achieve a large field-of-view and high resolution
at the same time, thereby being unable to give full play to the parallel processing ability. The single-band optical system is
subject to the influence of external factors such as light and poor anti-interference performance and cannot achieve all-
weather target detection. Given the above background, a dual-band composite aperture optical system is proposed in this
paper.

Methods This paper analyzes the design concept of the composite aperture optical system and calculates its relevant
design data by building a mathematical model for the field-of-view stitching. The conditions of the dual-band confocal and
common image plane are analyzed to ensure the synchronization and consistency of image acquisition in different bands.
Through the theoretical calculation of the relay image conversion system, the problem that the curved image formed by the
composite aperture system cannot match with the plane detector is solved, and the composite aperture optical system is
finally designed. The imaging wavebands of the composite aperture optical system consist of the medium wave infrared
waveband and long wave infrared waveband. The main and subordinate apertures are used to cooperate with detection and
search. The main aperture is used for remote detection, and the subordinate aperture is used for large field-of-view

searches to achieve wide-area and long-distance detection.

Results and Discussions First of all, the front end of the composite aperture optical system is composed of a main sub-
eye and four subordinate sub-eyes to improve the field of view and detection distance of the system. The main aperture is
for the telephoto high-resolution identification of the target, and the subordinate aperture is for the large field-of-view
detection and search of the target. In addition, the system can achieve all-weather detection and identification of the target
in complex environments due to its medium wave/long wave infrared common optical path design. Finally, the design
scheme of the relay image conversion system is selected through comparison and demonstration to solve the problem of
image plane matching in the composite aperture system. The relay image conversion system can convert the focal curve
image plane of the composite aperture system into a focal plane image, which can be received and collected by the
photodetector. The design indexes of the main aperture system (Table 3) can meet the requirement of the 20-km long-

range detection of the system, and the design indexes of the four subordinate aperture systems (Table 4) can satisfy the
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large field-of-view search requirement of the system. According to related design theory and models of the composite

aperture system, the design indexes of the system (Table 2) and the relay image conversion system (Table 5) can be

calculated.

Conclusions The composite aperture optical system designed in this paper consists of a main sub-eye and four
subordinate sub-eyes. The imaging bands are 3. 7-4.8 yum and 7. 7-9. 5 pm. The main aperture system has a focal length
of 200 mm, a field-of-view angle of +-6°, and a detection distance of up to 20 km. The subordinate aperture system has a
focal length of 50 mm and a field-of-view angle of +=12°. The optical axis angle of the main and subordinate apertures is
6°, and the combined total field-of-view angle is 24°. The imaging quality of the main and subordinate aperture systems
and the relay receiving system is good, and there is no thermal difference in the temperature range of —40 °C to 60 C.
Compared with the homo-type composite aperture system, the system has the characteristics of long-range detection, wide-
field-of-view search, and good adaptability to temperature change and has broad application prospects in long-range

detection and identification, military reconnaissance, and other fields.

Key words optical design; infrared dual band; composite aperture; common focal length
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