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Fig.1 Prototypes and structural diagrams of single-viewpoint constraint catadioptric omnidirectional imaging systems based on symmetrical multi-sided

mirrors’”
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Fig.2 Single-viewpoint constraint with symmetrical five-sided mirrors.

(a) Symmetrical five-sided mirrors; (b) Orthograph of adjacent

mirrors
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Fig.3 Aperture-divided and multi-viewpoint omnidirectional imaging
system!!”!
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Fig.4 Calculation results. (a) Detection distance of infrared lenses with focal lengths of 4.1 mm, 5.8 mm and 9.1 mm at 50% detection probability;

(b) Horizontal FOV of infrared lenses with focal lengths of 4.1 mm, 5.8 mm and 9.1 mm
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Fig.5 FOV composition of the designed system
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Tab.1 Specifications of infrared imaging modules for

the designed system
Module [ x3  Module II x2
Spectral range 8-12 um
Array format 640x512
Pixel size 12 um
NETD 40 mK @25 °C
Lens focal length 5.8 mm (f}) 4.1 mm ()
HFOVXVFOV 70°x57.7° 89.8°x75.7°
Lens diameter 55 mm 43 mm
Non-Uniformity Correction (NUC) Shutterless NUC
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Fig.6 Geometric structure diagram of non-symmetrical five-sided

mirrors
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Fig.7 Definition of structural parameters for non-symmetrical five-sided
mirrors structure. (a) 3D diagram; (b) 2D diagram of side

projection
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Fig.8 Unoccluded imaging analysis
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Fig.9 Flowchart of designing non-symmetrical five-sided mirrors structure
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Fig.10 Conversion from planar projection to omnidirectional image.
(a) Planar images in five directions; (b) Omnidirectional image

after cylindrical projection
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Fig.11 Mechanical structure of the designed system
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Tab.3 Theoretical and practical values of structure parameters in the proposed system

Theoretical values Actual values

Mirror inclination 8 48.15°
Bottom distance d 26.23 cm
Forward and lateral view Vertical field of view 2¢ 60° 57.7°
Horizontal distance between the viewpoint and the vertex / 9.95 cm 11.62 cm
Viewpoint height / 1.1 cm 1.28 cm
Mirror inclination 8 51.9°
Bottom distance d 22.97 cm
Rear view Vertical field of view 2¢ 76° 62.36°
Horizontal distance between the viewpoint and the vertex / 9.73 cm 11.29 cm
Viewpoint height A 2.39 cm 2.77 cm
Virtual viewpoint height m 19.27 cm 17.6 cm
Tailorable mirror height s 7.19 cm 9.22 cm
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Fig.12 Picture of the designed system
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Fig.13 Imaging result of the designed system

SRR A S P R A L A JE T
X7 NERIEE B 2R IR TR (43514 200 m #1145 m),
PR S BT RAE L A 64 L SRR
PIAS 844 1l 4 X6 Bk 1T B B A o5 4T S S 21 90 ]
ARG, B AR 2 B i Bk — B £ =
P EL =41 mmi LA SUF A B S TSN
() — 5, AT T LA R 2 SR A X R T B 4G A E"Jiﬁ
THIRR, BIARE 2 4] 73 ¥ 07 RV FH R B SRR B A
LTS AR AL R 5 S S8R ﬁ*ﬁiﬁﬁmﬁ%*@

5.8 mm

R RAFRE A X FR TR B SR B HAR S, JF
MR8 2R G245 2 BT I £ 3 B Je it — A A A
RGLEEH, HEPRIGES S5 RSN STy
AERS PRI 5 AT BE . SE MU T SR X AR L i
BT RO LN AR R R G, P T A AR
L AR DX ST TUARTR IR K P 4 A
PRB AL LT A1 P B Ak BT R, e 28 S B 7K F 3600,
IEAM29°0 7 WY TEHERY | TE8% . o H XL . %
ARG SR LM G AT . BRI, A B T
THER S B H X, 4R THE RE2 BhBE Ty, 7RI
ANZE AT AT ) R A DL RS o R IT I R 4

20230266-8



s Gk A2

% 10 £ www.irla.cn % 52 4
JNBRIAR T7 T TAE S development trend of infrared search and track system [J].

%j%Iﬁk [6] LEONARDO DRS. Enhanced Situational Awareness (ESA)

(1]

Modern Defence Technology, 2014, 42(2): 95-101. (in Chinese)

Ying X, Liu L, Wang Y, et al. Mapping degeneration meets label

evolution: learning infrared small target detection with single

point supervision [DB/OL]. (2023-04-04) [2023-05-20]. https:/ awareness-esa-system/,

arxiv.org/abs/2304.01484. [71 Zhou Xingguang, He Yu, Wang Lingxue, et al. Design and
Xu Z, Zhuang J, Liu Q, et al. Nighttime FIR pedestrian detection performance analysis of single-viewpoint hyperbolic catadioptric
benchmark dataset for ADAS [C]/Pattern Recognition and infrared panoramic imaging system [J]. Infrared and Laser
Computer Vision, Part IV, First Chinese Conference, PRCV Engineering, 2016, 45(9): 0918004. (in Chinese)

2018, 2018: 322-333. [8] Nichols J M, Waterman J R, Menon R, et al. Performance
Qi Nannan, Jiang Pengfei, Li Yansheng, et al. Infrared vehicle characteristics of a submarine panoramic infrared imaging
detection based on visual saliency and target confidence [J]. sensor [C]/Infrared Technology and Applications XXXVI,
Infrared and Laser Engineering, 2017, 46(6): 0604005. (in SPIE, 2010, 7660: 54-62.

Chinese) [9] Nalwa V. Outwardly pointing cameras [EB/OL]. [2023-05-20].
Vincent Leboucher, Gilles Aubry. High-resolution panoramic http://www.fullview.com/Outwardly Pointing_Cameras.pdf.
images with megapixel MWIR FPA [C]//Proceedings of SPIE, [10] WOLFPACK. Multi aperture staring array panoramic imaging
2014, 9070: 90700F. [EB/OL].  [2023-05-20].  https://tonboimaging.com/defense/
Liu Zhongling, Yu Zhenhong, Li Liren, et al. Status and products/land/sa/wolfpack/.

Non-symmetrical five-sided mirrors based single viewpoint catadioptric

infrared omnidirectional imaging system

Zhou Yunyang', Wu Yuzhen', Wang Lingxue'’, Rong Ningtao', Li Hongbing?,
Gu Yiting', Cao Fengmei', Cai Yi'

(1. Key Laboratory of Photoelectronic Imaging Technology and System, Ministry of Education of China, School of Optics and Photonics,
Beijing Institute of Technology, Beijing 100081, China;
2. Yunnan KIRO Photonics Co., Ltd., Kunming 650217, China)

Abstract:

Objective Infrared omnidirectional imaging system can provide 360° image of the surrounding environment,
enhancing vehicle safety and autonomous driving ability in low visibility and nighttime conditions. Recent
developments in uncooled infrared focal plane detectors have paved the way for large-scale application of low-
cost infrared imaging modules in vehicles. Therefore, an aperture-divided non-symmetrical five-sided mirrors
based single viewpoint constraint catadioptric omnidirectional infrared imaging system is proposed, which
combines the strengths of both multi-viewpoint omnidirectional imaging system and single-viewpoint catadioptric
omnidirectional imaging system, taking advantages of the high spatial resolution of the former and the direct

imaging without splicing of the latter.

Methods To solve the problem that the requirement for detection distances of pedestrian in the front and lateral
view, such as 200 m, is generally higher than that in the rear view, such as 145 m (Fig.4). Three sets of infrared
imaging modules with focal length of 5.8 mm, two sets with focal length of 4.1 mm (Tab.1), and structure based

on stitching multi-mirror are used to construct prototype. The structure of the non-symmetrical five-sided mirrors
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and the spatial position of the infrared imaging modules (Fig.7) are adjusted so that the virtual viewpoints formed

by multiple infrared imaging modules with different focal lengths are overlapped at the same point (Fig.6).

Results and Discussions The design process of single viewpoint constraint non-symmetrical five-sided mirror
structure is established (Fig.9). The imaging model of the planar projection converted into omnidirectional image
by cylindrical projection is analyzed (Fig.10). A mechanical structure scheme that can be adjusted and aligned
with the viewpoint is proposed (Fig.11). The prototype system is processed and assembled (Fig.12), which can

provide 360° horizontal azimuth and £29° elevation field of view (Fig.13).

Conclusion To address the different requirements for pedestrian detection distances in different direction, a
non-symmetrical five-sided mirrors based single viewpoint constraint catadioptric omnidirectional infrared
imaging system which has 64° FOV for the front view, left and right lateral view respectively and two 84° FOV
for the rear view is proposed. According to the spatial resolution and distance, the appropriate infrared imaging
modules are selected, and the specific size of the non-symmetric mirror is determined with the constraint of the
single viewpoint. Then the system structure is further optimized with the imaging analysis until the system has
small structure size and can image without occlusion. After successfully processing and installing the system, a
series of omnidirectional image processing steps including cylindrical projection, scaling, center alignment,
redundant part cutting, grayscale balance are also proposed. This system has the potential to serve all-round,
large-pitch vehicle-mounted infrared imaging information, which can provide theoretical basis and technical
support for applications in military and civilian fields such as intelligent transportation, automatic driving, and
military reconnaissance.

Key words: catadioptric optics; omnidirectional imaging; infrared imaging; non-symmetrical five-

sided mirrors;  single viewpoint constraint
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