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Focusing Analysis on Optical System of Three Line Array
Stereoscopic Mapping Camera

WANG Hong, TIAN Tie-yin
(Key Laboratory of Optical System Advanced Manu facturing Technology, Changchun Institute of Optics ,
Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: For the imaging quality problem which induced by the deviations from the CCD imaging target
surface to the best image plane position of three linear array stereo mapping camera, the focusing
precision was calculated according to the design parameters of the optical system , and effect of the
telecentric system on the mapping accuracy was analyzed. Telecentric system is adopted to meet the
requirement of stereoscopic mapping , the focusing range is about =2 mm, and the distortion can be

negligible within focusing range. After focusing, the optical system imaging quality and distortion meet

the requirement of high accuracy of mapping.
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Configuration principium diagram of three line array

Fig. 1
mapping camera
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(b) Forward-sight and backward-sight camera
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Fig. 2 Configuration diagram of optical system for straight-
sight, forward-sight and backward-sight camera
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(b) Forward-sight and backward-sight camera
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Fig.3 MTF curves of straight-sight, forward-sight
and backward-sight camera
s TS T

-0.10 0 0.10 -0.0050 0 0.0050
Millimeters Percent

(a) Straight-sight camera

0822001-2



FLL LA LR AR I 2 AR B 2 2R G 0 IR 4R BT

T
-0.10 0 0.10 -0.0050 0 0.0050
Millimeters Percent

(b) Forward-sight and backward-sight camera

B4 EMAEIAE . E WAL F R Gw L &
Fig. 4 Image field curvature and distortion curves of straight-

sight, forward-sight and backward-sight camera
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Table 1 Effect on MTF of the optical system by focusing
(Nyquist frequency:77 Ip/mm)

Defocus X MTF jetocus
0.029 4 1.43 0.76
(1* depth of focus)
0.0147 0.72 0.93
(0. 5" depth of focus)
0.01 0.49 0. 96
0.005 0. 25 0.98
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Table 2 Defocus corresponding to the distortion and relative

distortion (telecentric)

Defocus Project Equivalent number Relative project
/mm  distortion/pm of pixels distortion
0.01 0. 30 1/21 0.81X107°
0.015 0. 45 1/14. 4 1.2X10°°
0.02 0. 60 1/10. 8 1.6X10°
0.025 0.75 1/8.7 2.0X10°°

ARG R G R 0 2 AR5 05 2 0 O6 B (DL 2% T
5K AR T K M o Ry 10, 32°, K TR B o 0
R 45 5 Wj A B AR 5 52 Wi A2 A 4 3.

R3 FAEABEEMNNHRCHERBANBELHE

(FE&R T L)
Table 3 Defocus corresponding to the distortion and relative

distortion (non-telecentric)

Defocus Project Equivalent number Relative project
/mm  distortion/pm of pixels distortion
0.01 1. 80 1/3.6 4.8X10°°
0.015 2.70 1/2.4 7.2X10°°
0.02 3.60 1/1.8 9.6X10°
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Table 4 MTF tested results of each camera((@771p/mm)
MTF

Straight-sight  Forward-sight Backward-sight

0 0.463 0. 447 0. 488
0.5 0. 449 0.461 0.452
0.71 0. 465 0.461 0459
0. 85 0.432 0. 460 0.443
1.0 0. 447 0.432 0. 444

Average 0.451 0.452 0. 457
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Table 5 Distortion tested results of each camera

Absolute distortion/pm Relative distortion

Straight-sight 1.5 0.004 %
Forward-sight 1.98 0.005%
Backward-sight 3.5 0.009%
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