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Analysis of Imaging Optical Characteristics of Vision Sensor
with Single Camera and Double Spherical Mirrors

Chen Yuanze, Zhou Fugiang , Zhang Wanning, Liu Yang

School of Instrumentation Science and Opto- Electronics Engineering, Beihang University, Beijing 100191, China

Abstract In order to expand the field of view of the mirror binocular vision sensor, it is an effective scheme to
replace planar mirror with spherical mirror. However, the reflection imaging with convex mirror will lead to the
decline of image quality and sharpness, so the optical characteristics of binocular vision sensor for single camera
mirror are studied. Taking the off-axis non-central spherical mirror as the research object, the imaging models with
different optical characteristics are established. The effects of spherical mirror parameters on field range,
resolution, and depth of field are quantitatively analyzed by simulation and experiment. The design method of
double spherical mirror parameters is given under the condition of industrial camera and optical lens parameters. A
vision sensor based on single camera and double spherical mirror is constructed, which can realize mirror binocular
vision imaging. By analyzing the optical characteristics of the vision sensor based on spherical mirror reflection, it
provides a basis for the design of a new mirror binocular vision sensor.
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Fig. 1 Imaging system based on single camera and double

spherical mirror
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Fig. 2 Field of view of spherical mirror reflection imaging

at different positions. (a) Frovi; (b) Frovs
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Table 1 Parameters of double spherical mirror and double planar mirror

Mirror w /mm  h /mm r /mm B/ a /(M) d /mm  Field of view /(*) 6 /(*)
Spherical mirror 1 35.18 1. 80 200 37 10. 95
100 [—13.07, 13.82] 26.89
Spherical mirror 2 47,37 1. 80 200 53 13.60
Planar mirror 1 35.18 1. 80 o 37 0
100 [—2.17, 0.32] 2.49
Planar mirror 2 47. 37 1. 80 o 53 0

2 PSRBT S

Table 2 Design parameters of mechanical structure

Parameter Value
Camera size /(mm X mm X mm) 29X 29X 36
Connection size /(mm X mm) 15.5X28.2
Lens size /(mm X mm) 29X33.5
Bottom plate size /(mm X mm X mm) 70X 220X 10

Mirror 1 fixed plate size /(mmX mm>Xmm) 38X38X5

Mirror 2 fixed plate size /(mmX mm X mm) 50X50X5
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(b) experimental device for imaging system
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