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Abstract

Development of Portable Multi-Optical Axes Parallelism
Calibration System

Li Yacan Qiu Lirong Zhang Pengsong Sha Dingguo

Zhao Weiqian
(Optical Measurement Laboratory, School of Optoelectronics, Beijing Institute of Technology . Beijing 100081, China)

To satisfy the need of field measurement of the multi-optical axes parallelism of photoelectronic
equipments, a portable axes parallelism calibration system is developed. The collimation of Cassegrain optical system

and ZnS reticle is used in the system to create infinite reticle object and to provide aiming baseline for the original

system and realising the parallelism calibration between television axis and infrared axis. A CCD system is adopted to
axis and the receiving axis of laser can reach 5".

collect crosswire on the reticle and laser facula on the target sheet. On the basis of the bias between the detected
reticle centre and laser spot centre. parallelism calibration for laser axis and visible axis is achieved. An optical angle
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gauge is applied in this system to make calibration precision to approach angle second level. Experimental analytical
calibration system
=

results show that the standard uncertainty of this measurement for the parallelism between the TV-axis and the
OCIS codes

infrared-axis can reach 2” and the standard uncertainty of this measurement for the parallelism between the sighting
120.4630; 120.4640; 120.4800; 120.4880

measurement; multi-optical axes parallelism; angle gauge calibration; multi-optical axes parallelism
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Fig. 1 Principle of the portable multi optical axis parallelism calibration instrument
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Fig. 2 Picture of the portable axis-calibration system
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Fig. 3 Software interface window of data processing
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Table 1 Angle second calibration of CCD pixel interval

X,/ Y, /(M X,/ Y, /(" Offset /pixel CCD pixel interval /[ (") /pixel]
244. 550 242,297 243. 465 204. 873 37.43972 3.239340
244.572 242.309 243.538 204. 745 37.57823 3.227401
244.574 242,174 243.578 204. 822 37.36528 3.245794
244. 641 242.307 243.530 204. 873 37.45048 3.238410
244,563 242,184 243.597 204. 816 37. 38048 3.244474
244. 669 242.185 243.574 204.908 37.29308 3.252078
244.754 242. 356 243.616 204. 853 37.52026 3.232387
244. 646 242.163 243. 489 204. 765 37.41589 3.241403
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Table 2 Parallelism test between two TV-axis

X, /(M Y, /(" X, /("M Y, /(" Offset /pixel Arcsec /(") Arcsec offset /(")
344.10 231. 28 341. 64 176. 38 54.95 300. 60 1.79
343. 88 231.21 341.71 176. 49 54,77 299. 58 0.78
344.09 231.34 341. 65 176. 37 55.03 301.02 2.22
344.05 231. 21 341. 60 176. 38 54. 88 300. 22 1.41
344.15 231. 28 341.70 176. 47 54. 87 300. 13 1.32
344.01 231.33 341.59 176.61 54.78 299. 63 0. 83
343.97 231.13 341.70 176. 32 54. 85 300. 02 1. 22
344.08 231. 30 341.67 176.42 54,94 300. 51 1.70
343.98 231. 39 341.55 176.62 54. 83 299. 90 1. 10
343. 86 231. 38 341.61 176. 56 54. 87 300. 12 1. 32
3 WO HL A S Al G AT
Table 3 Parallelism test between the sighting axis and the receiving axis of laser range {inder

X, /M Y, /(" X,/ Y,/ Offset /pixel Arcsec /(") Arcsec offset /(")
385. 64 297.11 299.07 303. 80 86. 83 283. 06 —18.78
391. 67 296.19 299. 90 313.51 93.39 304. 45 2.61
390. 60 298. 05 295.11 309. 97 96. 23 313.71 11.87
394.52 303. 36 298. 94 311.71 95. 94 312.78 10. 94
392. 60 300. 27 295. 49 315.01 98. 22 320. 20 18. 36
386. 58 302. 21 298. 31 310. 61 88. 67 289. 06 —12.78
385.12 300. 48 291. 82 313.90 94. 26 307.29 5.45
387.83 300. 42 297.76 310. 31 90. 62 295. 39 —6.44
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Table 4 Measurement uncertainty source of axis-calibration instrument

Parameters Value
Use the calibration uncertainty of arcsec of per pixel of 550-mm CCD collecting system to 0.01"
measurement laser axis u; :
The uncertainty of the reticle center of calibration system is determined by data processing system, 1
estimated according to 1/3 pixel u,
Analysis and measure the aiming uncertainty of calibrated system by the visual targeting calibration A
system on the laser rangefinder u;
The uncertainty caused by the estimation of the position of the laser spot center, estimated according 1
to 1/3 pixel u,
The TV axis’ target uncertainty u; 1"
The infrared axis’ target uncertainty u; 1"

Offset of the objective from reticle cross center which estimates clarity affected by the parallel to the

beam (partition defocus) and the wave aberration of collimator, and the lighting brightness and

uniformity of bromine tungsten lamp; or offset of the light spot which estimates clarity affected by 0.5"
the parallel to the beam (partition defocus) and the wave aberration of collimator, and the lighting

brightness and uniformity of ring LED source u;

The influence introduced by the short-time instability of tripodal support body us Can be ignored

Significant change in the position of laser spot center introduced by the change of spot distribution of

"
morphological caused by the instability of calibrated object emitting laser spot us =10

The influence introduced by environment vibration and airflow u, Can be ignored
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