DOI: 10. 13203 /j . whugi s1996. 04. 016

21 4 Vol. 21 No. 4
1996 12 Journal of Wuhan Technical University of Surveying and Mapping Dec. 1996

FH 736 AR 38 BB CCDI%
& Bas BG Fa B S =5 iR

FREER A

( 39, 430070)
CTF CCD s CCD
CTF s CCD
s CCD
CCD
TP212
(MTF) " CCD MTF . CCD
, M TF CCD
[3] ( ), CCD
. MTF .
, . CCD
CTF CCD
1 CCD
CCD , :
; 1 [-7n 2+ 2mx 2+ 2 | oL 2 |
) =10 ko wmxe 2eg T OLZ (1)
c= (1- 0)/(1+ 0)= 1 (2)
%, T c¢cDp ;U ccb .
s ) s n
ji=+U/2 ,  du=
in
I =xn - (n- 0.5U (3)
n jH < jH*
K= (4)

n- 1 jH> jH*

: 1996-06-10. , 32



394

1996

, Bux  Bumn, CCD
¢ = (Bua — Buin) /(Bun+ Buin) (5)
CCD
CTF= ¢ o= ¢'= (Bux = Buin) /(Buw+ Buin) (6)
t thax, minymaxmin| max) min,
I T (4
o ; 1.
B o e O | ,
| W"H .7 vy v A Q& i
2
L1
, CTF
1 M I I B
1) -7 12 iu—"TI2 Bua
. Bun max (-7 /2,1u=T/2);2) T /2 It T/2
B Y min@x /2, Jnr T72) ,
min(1 g Tr2,x /2)
B = Jlna\(jl[—T/Z,—ﬂ/Z) (7)
T " min( jL+ Tr2,% 12)
) Buin = JO 1dx - J mas(i, - T2 12 (8)
(6) CTE
1.2
CTF 2, CCD (-V2y 12,
v(rad/s) max= 1 -Vi2 V2
, 2, max , Bmax max= 1
\Y T max= 1 A A2,
Bux = TV 1- 41— 42= V- 41— 4 (9)
Av A2 Iu s 3 . Al
) =V, , max= 1 :
si= = 2+ vi= -7 2+ w2 (10)
max .
so= Ju - TI2 (11)
3 , s1<s , Al ,Ai= 0
2) = -V/2, si= - €2-vV/2 F< 52 s2<8
si—s2,ti= u V,

?



4 : CCD 395

Ai= uti /2= u’ /2 (12)
3) s3<s2,8> 8, Al , 5 U= S1i— S, W= $— 52,
A= (u+ w)/22 V (13)

/ max u / max
& =

a w /
fo—% —

\l-tx-o

Buin = O+ O (14)
o, A1
CTF ,

, Av A Qv O
A u= (-7 /12 vV2) = (Ju= T2); k= [=m /2= W= (Ju-"TI2)]
Az u= (I TR)— @ 2= W7i2) ke I+ Tr2— (@ 12- W/72) ]
O u= @ /2 yVi2)= (Imt kU-T/2);k= (@ /2= wW/2)- (Ju+ KU- T/2)
Or  u= (lwt KO TI2) = (3¢ /12-vV12); k= (Jwt KO T2)- (% /2 vV /2)

0, =< 0
A, A2, O, Or = u /v, uh< V (15)
(u+ k)= (V72),
(9) (14)
CTF = (Bwsx — Buwin ) /(Bwx + Buwin ) (16)
CCD  CTF, CCD x y )
CTF \ \
X y s X y CTF
, CTE. CTE [3] MTE MTE
(6) (16) CCD CTF
6(a) 6(b) Tr= Tu= P~ (T¢ TU TU ) CCD
Tv= 10 (Tw ), v=0 V=

m /s, V= Is CTF In . 6(a) 6(b), CCD CTF



396 1996
CTF 6
(a) 6(0) CTF $-==71‘3=7p
CCD v = 10+ CTF T=Tp=74 0.70 vix radl;s
Y=1s
CTF . s CCD
TV , TT
CTF ,IT CTF
6(a) 6(d),
CCD T , Tv
CTF . CTF @ ®
(3], CTF
CCD
In . , CTF yre=i =74 CTFzT—T—Hp
= =Tp=
3 CTF . CTFmax’, 1. 00 Te=iow Ty=10p
CT Fmin, CTdeor CCD 0. 95
7 0.90
8 CCD v=0 0'—82.00 0.00  2.00 —4.00 0.00 4.00
Iv= 40Tt/
J(]: 1’ 2’ ) 3 CTF ) @
, CCD
) Tr 6
s , 7 8
CCD , TV )
- CTF 2T.=T,=% CT¥ 1vv=(§).50
CTF CTF w=0.5n
“ T.=Ts=7p 2Te=Ts=7u L. 00--;;-—-'2\, %vu=0. 8 x
1.00 1.00._< 0. 80+ \\"\vax
\\ ‘\ \\-'\_
0. 50 \ 0.50 | Y 0. 40 1 N
0.00 \\\ 7 0.00 “ j 0. 00 —-—y—-j
0. 00 40. 00 0. 060 40. 00 0.00 40. 00
7 8 9 10
9 T= Tu= 1 CCD v=m rad /s, v=1ls
CTF , CCD
Ty , CCD CTF 10
CCD CTF )
, CTF
3
CCD 11, TCD142D CCD



4 CCD 397
T= Tu= 14, 25 mm
1 ,401p /mm CCD
Ny quist , CCD
CTF 12 CCD (6)
(7 (9 , CTF
( ) , CCD
12 HO) 1
,CCD CTF . 18 /p* mm™! Ap mm ' v #m  T= Tubm
lp/mm CTF =079 1/1.2 18 28 14
, CCD CTF 12 20 25 14
40lp /mm  CTF = 0.25 @ 1/1.6 25 20 14
,CCD  CTF  Ju 1/1.4 28 17.5 14
, CCD CTF 1/1.2 33 15 14
lu , CTFna CT Fuin 1/ 40 125 14
. ®
1.
0.
0. J
40
Nyquist 4 %

11

Ny quist ,

1 Boreman G, Derenlak E L. Method for Measuring Modulation Transfer Function of Charge—coupled De-

vices Using Laser Speckle. Opt. Eng. , 1986, 25( 1):

148~ 150

2 Martin S, Boreman G D, Ducharme A D, Snyder D R. Modulation Transfer Function Testing of Detector
Arrays Using Narrow-bard Laser Speckle. Opt. Eng. , 1993,32(2): 395~ 399



398 1996

,1996,21(2): 176-
182
1992 43~ 46
,1987. 147~ 148

Judging CCD Imaging Sensor OQutput Image Signal Quality
by Square-wave Contrast Transfer Function

Zhong Sidong Zheng Lin
(School of Photoelectric Engineering, W TU SM, 39 Luoyu Road, W uhan, China, 430070)

Abstract A method for judging charge—coupled device( CCD) imaging sensor out—
put image signal quality by square-wave contrast transfer function( CTF) is pre-
sented. The formulas for calculating the square-wave CTF of CCD imaging sensor
are given. This paper centers on using squarewave CTF to analyze the spatial{re—
quency response of ideal CCD systems. It is verified that the results from experi—
ment are closed to the theory values. The research results will allow more accurate
design of systems to discrete devices such as CCD.

Key words CCD imaging sensor; square-wave contrast transfer function; judging

image quality
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