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Abstract: Optical axis consistency is an important indicator for measuring the performance of multi-sensor
optoelectronic systems. In order to address the issue of narrow working spectral range and limited system
{lexibility in the multi-sensor axis consistency detection system, this paper designed a board-spectrum multi-
sensor axis consistency detection system. The system based on the concepts of optical path switching and
opto-thermal conversion. The system used a Cassegrain reflective optical system as the receiving and
transmitting system in the range from visible light to long-wave infrared. A stepper motor was used to
move the reflective mirror above the guide rail, allowing for the switching of the system’s optical path.

The copper sulfide-coated germanium glass was used to convert the short-wavelength spot into a hot spot
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as the photothermal conversion target. The long-wave infrared detector was used to collect the laser spot
images of various spectral bands. The system could detect the spectral range of 0. 4 - 14 pm. The analysis
of the optical system's image quality shows that the root mean square (RMS) diameter caused by aberra-
tions is consistently below 9 pm across various wavelengths. The system also exhibits strong energy con-
centration. Detection accuracy of the system is analyzed, and the maximum measurement error is 0. 1
mrad. Experiments on repetitive precision involving the guide rail's back-and-forth movement, and accura-
cy measurement experiments on the system, verify the reliability of the system. The results indicate that
the detection system meets the requirement of instrument accuracy level 1. 5. The detection system has a
compact structure, a wide range of applicable spectral, and the ability to perform axis consistency testing
for multi-sensor optoelectronic devices.
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Fig. 1 System detection schematic diagram
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Fig.2 Laser spot space projection model
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Tab.1 Optical system design parameters

Parameter System design parameters
System focal length /)= 4800 mm
Entrance pupil diameter D =600 mm
Secondary occlusion ratio a=0.34
Wavelength range 0.4~14 ym
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Fig. 3 Structure of axis consistency detection optical system
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Tab.2 Focal length test results

Group 1 Group 2 Group 3 Group 4 Average value
Scale spacing L/mm 16 16 16 16 /
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Indication 2 0°11'28" 0°11'31" 0°11'27" 0°11'28" /
0 0°11'28" 0°11'20" 0°11'27" 0°11'28" /
Focal length //mm 4797 4776 4 804 4797 4793
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Tab.3 Coordinates of reciprocating motion of the guide rail

) Coordinate of Coordinate of
Experiment

position A/mrad position B/mrad

number
X Y X Y
1 —0.784 —0.027 —0.769 —0.028
2 —0.784 —0.027 —0.773 —0.029
3 —0.786 —0.029 —0.773 —0.029
4 —0.787 —0.025 —0.773 —0.018
5 —0.785 —0.027 —0.777 —0.018
6 —0.784 —0.023 —0.771 —0.027
7 —0.786 —0.033 —0.773 —0.034
8 —0.784 —0.038 —0.772 —0.033
9 —0.786 —0.035 —0.775 —0.036
10 —0.790 —0.038 —0.777 —0.032
Standard

o 0.001 897 0.005 412 0.002 497 0.006 168
deviation
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