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Fig. 1. Configuration of a space camera MTF measurement

system.
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Fig. 2. Schematic of calibrating the spectral response of the

space camera MTF measurement system.
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Fig. 3. Schematic of calibrating the monochrome PSF of the

optical system of a space camera.
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Fig. 4. Calibration results of the spectral response of the

space camera MTF measurement system.
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Fig. 5. Spectral characteristics of typical light sources.
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Fig. 6. Monochrome PSF of the optical system of a space
camera at: (a) 450 nm; (b) 500 nm; (¢) 550 nm; (d) 600 nm;
(e) 650 nm; (f) 700 nm.
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Fig. 8. Theoretical values of the space camera MTF corres-

ponding to different light sources.
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(fe HASTFAPLERINER ) Nyquist 5%, f.=1/(2d))
AL RS S HARw 225, DAXT HEE TR SR X 23 ]
AHHL MTF B9, I 1 AT LUE ) SR s 85T
Jirg MTF KT R HHRAT s MTF, 3% Z [a] 1)
fRZEFE R Ab i K, B K220 0.075, 7E fo/2
b 3R 1R BSOS FR I, SR T B A TR AT A T
MTF B}, “ & B3 MTF /e K mZE, SelEotis
FEHXT MTF Faiil 25 500 52 i AN 25 2 A0
1 FELET AT A8 MTF B K HAw 2
Table 1. Theoretical values and its deviation between

the MTF measured with a tungsten halogen lamp and a

xenon lamp.

ARz AR M TE

JEUR
fe/4 fe/2  3fc/4 Je
BT 0.784 0377  0.153 0.124
T 0.750  0.302 0.091 0.089
KT 5T
HIMTE 2 0.033  0.075 0.062 0.036

3.3 FRIENEFEXT MTF &0 45 R 2 0m
Y SE 06 36 HiF

REEA SO A AR, R A TS IE AN
51T, BRI A AR T T | IR A
HA—@ s B, R WURE ] 335 8 4600 23 6]
FHBLEY MTF. BT HSCE3 8 5 3.1.1 oG
HhRE B 2 A ] ST b & e ) 1
. Cannon EOS 5D SR AH#L ISO % # & 1000,
PRI 2000, FF46 SCH T, JA B [ ARBLA B, il
TR T Fgrh SR gs b E A e T H
B L5 23 (R R AILER I 25 51 7 ) B — /N e A
S3H  ESAT FRATVE R G, SRAEXT B Y T 1 [&]
1% SIS TR ATRAR T I RS A 9 FiR.

AR} ] 30092 Ak 38 S 6 v i >R £ T 11 B
15 21 p 85 KT FRAT VR R G IR B 23 [ AL MTF (1)
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Fig. 9. Knife-edge image captured in the experiment.
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Fig. 10. MTF measurement results with a tungsten halogen

lamp and a xenon lamp.
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b, FR/INH 0.057. {HZR 2 thi) MTF kil 25 58 1
HAmE L 1 hRBESE/N.
£ 2 KESTRGEITCIERTE MTF frillgh 5 S H 2=
Table 2.  Test results and its deviation between the MTF

measured with slanted-edge method by using a tungsten

halogen lamp and a xenon lamp.

Al [a A AL FMTF

eI
fe/4 fe/2 3fc/4 fe
R ESAT 0.460  0.248 0.091 0.053
WT 0.428  0.191 0.058 0.020
R ESKT ST
HIMTF{RE 0.032  0.057  0.033 0.033

4 W

N3 (17) Z5H TR A [RIARAL MTF B, MTF
BB AZ, HAY TR ERAE MTF 5
5 (0, PSF 2/l B 5 20 MTF Ayafefi. [l 4—
7 R0, e 0 PSF B [ AHHL MTF A8
RG2S 1S R DL R
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Abstract

Modulation transfer function (MTF) measurement is a major means to evaluate the imaging quality of a
space camera. The influence caused by the spectral characteristic of light source on the MTF results is not
negligible, because the transmittance and color aberration of optical systems, and quantum efficiency of the
space camera detectors are all spectrally related. Thus, MTF results tested by different light sources are
different from each other. To address this problem, we propose a method to analyze the influence of spectral
characteristics of light sources on measuring the MTF of space cameras. In addition, the devices and methods
are designed to calibrate the spectral response and monochrome point spread function (PSF) of space camera. A
Sigma lens (focal length: 1000mm, F number: 5.6) and a Cannon EOS 5DSR camera (pixel size: 4.14 pm) are
combined into an experimental space camera, whose spectral response is calibrated with a monochromator
(Omno30300, NBeT) and a spectral radiometer (FieldSpec, ASD). We calibrate the monochrome PSF of the
Sigma lens with the same monochromator and a CCD (PIXIS 1024, Princeton Instruments, pixel size: 13 pm)
micro-measuring system (20X objective). During the calibration of spectral response and monochrome PSF, the
same collimator (focus: 5000 mm, F number: 10) is used. With using the proposed method and those calibrating
data, we compute the theoretical values of the MTF of a space camera measured separately with five different
light sources. The results indicate that MTF measured by a xenon lamp is greatly different from those MTFs
measured by the other four light sources. Comparisons of those theoretically calculated MTFs, separately, show
that the MTF measured by a tungsten halogen lamp is greater than the MTF measured by a xenon lamp at
each spatial frequency. The deviation between those two lamps reaches a maximum value of 0.075 in the
medium-high frequency zone. Furthermore, in order to verify those theoretical conclusions, a platform including
a collimator and the previous space camera is constructed. The MTFs measured by a tungsten halogen lamp
and a xenon lamp are computed with the slanted-edge method respectively. The results demonstrate that the
distributions and deviations of the MTF's tested by those two lamps are identical to those theoretical results at
each spatial frequency, with the maximum deviation being 0.057. The theoretical and experimental results
demonstrate that the suggested method can accurately calculate the influence of spectral characteristics of light
sources on measuring MTF of space cameras. The proposed method can also be adopted to investigate the

influence of spectral characteristics of light sources on MTF of optical systems in the design or test stages.

Keywords: optical test, modulation transfer function, space camera, spectral characteristic of light sources
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