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the Optical Transfer Function

Yu Chunfeng Ding Yalin Hui Shouwen Yu Shuaibei Wang Longqi
Shi Long Yuan Guoqin

(Key Laboratory of Airborne Optical Imaging and Measurement , Changchun Institute of Optics, Fine Mechanics and

Physics, Chinese Academy of Sciences, Changchun , Jilin 130033, China)

Abstract The optical transfer function is the important parameter to evaluate the image quality of optical system.
Based on the working property of one new type aviation lens shutter designed for the digital aerial photograph
camera, the analysis of influence on the optical transfer function is presented. The lens shutter can change the optical
pupil shape of the camera’s optical system in the processing of control exposure, which means the point spread
function is changed. Thus the optical transfer function is also changed. The relationship between the variety of
aperture stop and the optical pupil function is built up by taking the optical system as the spatial frequency filter and
adopting the Fourier transfer method and scalar diffraction theory as the theoretical foundation to analysis the
influence of the shutter in the working period on the optical transfer function. Through the comparing analysis of the
calculation and measurement results, they show that the maximum absolute error is 0.196 and the maximum relative
repetitiveness. Furthermore. the design decreases the time ratio occupying whole error is —0. 274 for the optical
transfer function, which has better accuracy and exposure time for the beginning stage of shutter and the closing
stage of shutter. It improves the comprehensive transfer function of system, which provides the theoretical reference
for the optimization design of center shutter.
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Fig. 1 Cross-sectional view of lens shutter structure
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Fig. 2 Schematic diagram of lens shutter control exposure
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Fig. 4 Beam path structure of 4 f optical system
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Fig. 5 Schematic diagram of lens shutter scanning process
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Table 1 MTF result of optical system

Field of view Ow 0. 4w 0. 6w 0. 8w lw
R x 0.765 0.764 0.696 0.599 0.321
10 0. 765 0. 687 0.6 0. 459 0. 253
. x 0.768 0.765 0.701 0.621 0.278
? y 0.767 0. 688 0. 601 0.438 0. 251
. x 0. 757 0.752 0.692 0.623 0. 288
8 y 0.766 0. 684 0.598 0. 481 0.177
. x 0.74 0.725 0. 667 0.596 0.323

! y 0. 764 0.68 0.59 0.482 0.18
6 x 0. 705 0.677 0.612 0.528 0. 305
Blade circumrotate angle 0. 764 0.68 0.508 0.443 0.197
. 0.641 0. 597 0.518 0. 318 0.232
° y 0. 765 0. 687 0.6 0. 459 0. 181
R x 0. 548 0. 494 0.401 0.291 0.134
! y 0. 759 0. 688 0. 607 0.423 0.174
. x 0.412 0. 353 0. 262 0.167 0.158
’ v 0.744 0.676 0.596 0. 354 0. 164
R x 0.297 0. 245 0. 204 0.182 0. 164
. y 0.699 0.633 0.528 0.258 0.203
. x 0. 245 0.232 0. 189 0.165 0. 141
! y 0.576 0.48 0. 362 0.169 0.153
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Table 2 Value measured of MTF optical system

Field of view Ow 0. 4w 0. 6w 0. 8w lw
N x 0.702 0.582 0. 454 0.419 0.226
10 0. 704 0.676 0. 647 0.595 0.313
. 0. 584 0. 495 0.434 0. 383 0.198
! y 0.586 0.515 0.543 0. 485 0.238
R x 0.57 0.499 0.474 0. 356 0.187
; 0.572 0. 554 0.539 0.474 0. 288

. X 0.598 0.484 0.428 0. 381 0.19
! y 0.573 0.571 0.535 0.45 0.253
. x 0.59 0. 494 0. 38 0. 35 0.177
) 6 y 0.58 0. 588 0. 558 0.451 0. 245

Blade circumrotate angle —

. x 0.503 0.452 0.392 0.298 0.161
° y 0. 607 0.592 0.574 0.482 0.232
. x 0. 457 0. 359 0.336 0.283 0.124
! y 0. 607 0.602 0.603 0.515 0.184
R x 0.324 0. 341 0.204 0.153 0.124
’ y 0. 627 0.622 0. 634 0.529 0. 158
. x 0.234 0.183 0. 156 0.156 0.153
: y 0. 664 0. 596 0.614 0. 509 0. 154
R x 0.234 0.197 0.162 0.139 0.123
! y 0.615 0.591 0. 558 0.52 0.111
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Table 3 Error value measured of MTF optical system

Error Maximum absolute error Maximum relative error Average relative error
10° 0.146 —0.243 —0.134
9° 0.192 —0. 281 —0.227
8° 0.187 —0.270 —0.231
7° 0.196 —0. 288 —0.188
Blade
) 6° 0.186 —0.274 —0. 202
circumrotate
5° 0. 145 —0.242 —0.174
angle R _
4 0.135 —0.273 —0. 141
3° 0.088 —0. 215 —0.154
2° 0.063 —0.253 —0.182
1° 0.035 —0.151 —0.125
0.10 gz
0.05]- A8
5 - an:
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Fig. 12 Relativity error at aperture diaphragm opened entirely and partially
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