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Study on modulation transfer function measurement instrument

with matrix for matrix CCD
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Abstract: The imaging quality of Charge Coupled Device (CCD) affects the comprehensive imaging performance of a
new generation star tracker decisively. The existing measurement instrument has lower repeatability which is limited
by deviation of initial position. The mathematical model of MTF based on the stripe-contrast method is deduced in
this paper. And the function law between the repeatability precision of MTF measurement and the initial position is
analyzed. Based on that, the design scheme of the instrument, the implementation methods of the optical, mechani-
cal, electrical control and data processing system are proposed. Kodak array CCD modeled KIA-4021 is used as the
prototype to measurement the 30 times of MTF in verification tests, and the repeatability precision of the measurement
instrument is better than 0.025. The test data indicate that the MTF measurement at the different region shows better
consistently than that of using statistic evaluation method.

Keywords : electro-optical measurement; array CCD; modulation transfer function; stripe-contrast method

1 3 = BRI RERARZ—, MTF A] R B
= BATHIER S HERE, BRI Z H TIROL AR Ay

EHBARHE G CCD 5% REX Reftt  SWBBEBMRGRE ™ . BHRBEN—%K
YRR P E BEELAUR, PR R GIEASEE  RERAS EARIL, (1A MTF /9347 vk, T RASK
ERTHRBAEREZRATHESES. CCDIR RGBS SO HlE X8 TR P B E
MEMBG R B mERURSHEEN SR PHIMENS—, TEEHES2 RGN, F
WBE, L SRR ARG M KBRS  HEeMRaEH CCD Hilids MTF 3R 5k,

Wk HER: 201402 Received Date: 2014-02
* REWH BRARB¥#ES(61307114) 5B



108

T CCD 8% %3 B L 2R BT 52

-1101 -

CCD R—F BRI GS4, ERHEREN
A& 5% R % (optical transfer function, OTF) i H
HIZRPEZS B AR BE . W. Wittenstein %8 A B Jo X
MFRETEEENEBREBRRENERE
SGEATY R, TR TH MTF JF CCD g%
FEH SRR, e B, BNSMEHEA
Gt CCD #5028 MTF (il i 7 ik 47 T KRB
WL, R AR TS A BOE BT
W BT R CCD 18 i 15 33 oR 3000 O 1 i AT S0, B
KTEENERE, AR TR T THEIHRBER
3% BT MTF MK 26 B ™ . Kenneth J.
Barnard % AR RSO EECBE 0] b B 40 A0 ik B T B
CCD ) MTF #4705k, I 82 I Hl Bt i et L
e MTF LR EE R 7 ED . SRkt 7]
I X 512k CCD JAHI1E 8 R SR B E
B AT o o, B T MTF ) 8 il 28 69 2 7 1%
20 Alfred D. Ducharme 2 A HFIFH“X” B
JEAZ I T B CCD 7E Nyquist 3513804k MTF #) J7
U XA 28 BT K B RS T R R R
TDICCD,Bruce M. Lambert Z53zi8 7 I & H MTF
T 5% B, Horst Schwarzer 443 T
£ TDICCD shAAHIfE 38 R s MX "
Ak BA % Xt i TDICCD R il 1% 338 bR B EE &2 MG
BE IR AT T

SRR TS K TE MTF #3847 5 0%
JRHIOE , B3 T AR 4o 58 ikt e o e
T Xt 5] 7 T AR CCD 8 fhil % 33 bR H0KS
WAL ER TR R DB RIE, ML, e CEEHET
B AT HF CCD & il f% 3% sR B0l A i) EE ik, b
S EE NN FERER T
GErHF X0 BAR IR O A 5 BEXT L MTF 3L
BRS5ERER., ENSEHERITHSRE TR
R TR, AT MTF RS 06% HUR &
AR B RGN TR, MERE CCD il {5
PREIHRSE R, 5A A w6 & T
PARIE 3 BB R RS NEREE,

2 MEKEE

%1 CCD JA%I 5% BN R T 8%, &
EERAET BARSE RAN R MBE AL B, H
B A iR 35 BK, BT T Lindberg 3151 1
AR, B B R A A AR T DR E

FENE o 0 56 B B MTF, % — /1 EBKEH G.
Boreman 2542 H BOEBIBE: 70 LA R PR 2
HTF Y1 SRR T A% 2 6] 5 18 B 2 ok R RS
5 CCD #g MTF, ff S¥EFILH RBOLE RS
RS MTF 33, Sk S B2 il Z R
B RE KR — R A B R, T
St F 330 5 B 89 CCD 841 #5338 o8 B0 &
G5, ot HUBE 1k W) e LASE B CCD R0 JLART T a7 1%
ZHMERT R, TR A TR,

B SE BAR B R B CCD 4% 3 sR B 5
Frik. BETFI%EB DALSA ARRFF R TREH
AR £ M4 TDICCD 8 1% 1% 5% H0 g FH X
a5 BT 2 RS BT SR B T B CCD, T ¥ DA
HAAMEFETNR, My FEE EEHEE
b, T B AR N (R AT Y6 SO R R BE, A AT i ST
MTF e, HPaEMEINREAH SRS
HH 5 i) B 20 () I AKE

T AR T2 B I 2% S0 HE A U T A g e 2
REHE AL CCD BobE b, B A 2
HEAEAHE RS RIS MTF & 4558, mizh
B R EEAE TR B, WX R A T AT
TR REE I B AT LIRS TEig BVE B N Y
MTF i 45 5% o

2.1 HEFRE

4 CCD 2R H AR I3 B R AR 7 2R, B
HEOUBr S AR BB, MAEBIT
(RISRAET7 ik e bR — B, BT MBOT AR Rk i
A B R BOTEPORAE Hin L SR B3R
BEoTES HEBE R

n 5

BH1 CCD % rtera
Fig. 1 Working principle of CCD imaging
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Fig.3 -Schematic diagram of improved reticle target
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Fig.4 Working principle of measurement system
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