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Abstract: According to the configurations of optical system in a three line array mapping camera, a new
optical system integrated with excellent features by Petzval and symmtry was designed based on a tele-
centric path to meet the requirement of stereoscopic mapping. T he system shows a good imaging quali-
ty, and the MTF value of each lens is close to the diffraction limit at the Nyquist frequency of 77 lp/
mm. Furthermore, the distortion of each optical system is less than 2.0 10"’ for the straight sight
camera and 2.4 107 for forward-sight and backw aré- sight cameras. Sensitivity analysis and inverse
sensitivity analysis were used to compute the effect of each tolerance parameter on the optical system
performance, and the proper tolerance requirements and compensators were determined. On the basis
of tolerance given, the optical system with high image quality and low distortion was fabricated and as-
sembled. The tested result shows that the MTF of each optical system can reach 0. 451 at the N yquist

frequency of 77 Ip/ mm, which meets the requirements for static MTF more than 0. 2 and relative dis-
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ortion less than 3 10" and proves that tolerancing analysis methods are correct and feasible.
Key words: three line array mapping camera; optical design; tolerance analysis
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Fig. 1 Configuration diagram of optical system for

straight-sight camera
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Fig. 2 Configuration diagram of optical system for

forward-sight and backward-sight cameras
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Fig. 3 MTF curves of optical system for straight-

sight camera
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Fig.4 MTF curves of optical systems for forward-

sight and backward-sight cameras
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Fig.5 Image field curvature and distortion curves of -
optical system for straight-sight camera
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Fig. 6 Image field curvature and distortion curves of ’ 2
optical systems for forward-sight and back-
ward-sight cameras 2
Tabh.2 Tolerance demands of optical
CCD , . .
system for straightsight camera
’ ’ N, N d /()
) 0.05
ZEM AX ! 0.03
0.05
2 0.03
s s 1,0. 1 0.03 5
3 1,0.1 10. 043 5
1,0. 1 0.02 5
4 1,01 0.01 5
2,0.2 0.02 8
’ 3 1.0, 1 0.01 8
, , 1,0.1 0.02 8
6 2,0.2 0.02 8
1,0. 1 0.03 5
, , 7 1,0.1 21. 788 5
1,0. 1 0.02 5
’ 8 1,0.1 0.04 5
, 2,0.2 0.02 10
9 2,0.2 0.01 10
’ 2,0.2 0.02 12
10 2,02 216. 403 12

-
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, 3 (Monte Carlo Analy-
sis)
3 500 Monte Carlo s
Tab.3 Tolerance demands of optical systems for
forward-sight and backward sight cameras MTF
N. N d () MTF, . 4
. 0.05
0.03
4
0.05
2 0.03 (Nyquist ~ :77 Ip/ mm
3 1,0.1 0.03 5 Tab.4 Monte Carlo analysis results of optical systems
1,0. 1
, 0 8 5 MTF
4 1,0. 1 0.02 5
1,0. 1 0.01 5
2’ 0.9 0.02 o 90% 0.43 0.42
5 1’ O. | O~gl X 50% 0.52 0.51
T ’ 10% 0.59 0.56
6 1,0. 1 0.02 8
2,0.2 0.02 8
. 1,0. 1 0.03 5
1,0. 1 29.6 5
1,0. 1 0.02 5 »90% MTF
g , 0. .
1,0. 1 0.04 5 0.43;90% MTF
2,0.2 0.02 1
9 ’ 0 0 0. 42,
2,0.2 228.694* 10
‘N, N 4 FMZER
2 d 2
; *
Optiks Corporation
5 7 8 9
3,47, 8 )
5
' | Tab.5 MTF tested results of each camera
MTEF ( : 77lp/ mm)
3.3
0 0.5 0.71 0.85 1.0
, 0.463 0.449 0.465 0.432 0.447 0.451

0.447 0.461 0.461 0.460 0.432 0.452
0.483 0.452 0.459 0.443 0.444 0.457




1449

B 7 EMARVLGY REAL S R B0t 2%
Fig. 7 MTF tested curves of optical system for

straight-sight camera
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Fig. 8 MTF tested curves of optical system for for-

ward-sight camera
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13. 5 nm Schwarzschild

Schw arzschild s
0.3 mm 550 Ip/ mm
Mo/ Si s Schwarzschild s
61% ,
SiN4 s 13.5 nm 21.1%

mm , 0.5 mm 3 m, CCD

13. 5 nm
Zr Si
60 1p/



