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IIlumination Uniformity Optimization of Wide-Viewing-Field Optical System
Zhong Xing Zhang Yuan Jin Guang

(Changchun Institute of Optics . Fine Mechanics and Physics . Chinese Academy of Sciences ,
Changchun , Jilin 130033, China)

Abstract To increase the uniformity of image illumination of wide-viewing-field optical systems. influencing factors

are analyzed theoretically. Idea of optimizing image illumination uniformity by contrast of axial rays section area and

exchange (DDE) between software Zemax and Matlab is put forward. A focal length 56 mm, relative oparture 1/5.6,
whose outer radius is 4.384 mm

2w= 80 air-survey camera lens is taken as an example to perform the optimization, and result shows its non-
obscuration can satisfy the CCD imaging requirements
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oblique rays' section area is raised. Mathematic model is established in ideal optical system. The law that ratio of rays
uniformity of image illumination decrease to 3.5% from 22.3% by adding a central obscuration on fifth surface,

section area changed with viewing-field angle influenced by central circular obscurations is acquired. Degeneration of

modulation transfer function (MTF) caused by obscuration is analyzed. Optimization approach through dynamic data
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The change of MTF is discussed in this example, and the MTF values with
optical design; image illumination; central obscuration; wide-viewing-field optical system
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=

TE R L 7 0 RS Sk S A 20 3K
RG Tz v T % SRR >
FGfE BB A HaEENE ., HXESAE A
PR H R AT
) AR 5]

51 5 2N 3 5
ARG LT ek A — 4[] A e {4 T R

B B M2 R R M i . (LW AR
B A BB AR 0 96
PR
S A SO A ) T

K F| 120° DL Y
PR AR AL L IF HL A B L 5
M E i 25 48 52 0 3t 4 1 FH v s AN AN SR
25 R GG o pR R L AR /N 3 SR HAR T R 3
EX o] AL ER TR ek MG AR B . O T Ik F]
Wi HE: 2011-08-15; WREMEMBE HED: 2011-10-31
ELTH: HZEK 863 11X (2011AA7020103) %% B i
BB/ M 221982, B 1, BIHF5E i
E-mail: ciomper@163. com

—H®,.—
s BB E R GBI

] 56 27 45 5 T B AT 52

0322004-1



fe R FHAE T8 5 D't 27 22 e LA O ) 1 b Jy 2 26 A2 85
HRPEIE O FT D 3 fe Al WL 37 3 AR AR 1Y i R
RFHING . IR ATE e i 22 308 5 BE 3 2 B o
AL BE IR R BB T R S 2% i)
TE VAR BRI BT i 75 5T DR X 5 AR A 2 3]
HAERCR

T R A R T B o R &
SR ETT Y R R A P N - L ¢ R I
TR — E W R AL 6 PG BB L T IE ST A
WA ) A S R 6 TR A B B AR I R
O B B BEAT A AL 9 T ik . BRI HE S 5 S0 3
THAE R R %07 16 T DUA St s R0 o &
R ESTRGYE A

2 BRI
2.1 REFRGEHEGEEARE
T R G R SR A5
E, = an(%) sin‘u, (1
K e W ERG B LR 00’ Pas Mg s
14T 41 32, U7 Sy b 3 A% e R Ay fLAE A
MG A AR n = »", (DRAEN
E, = neBsin®u, (2)
IR 627 3047 4 5 7T AR B4 Ah f o B3 %)
7 A% T B cos'w BLAE T [ B .
E = E,cos'w, (3)
MAFAE W= A
E' = K,E,cos'w, 4)
A K, Sl A0 Rho6 o 8w B 5 O R A
Fo o MR (4) RS AR 2R K, BAT Bl o 39 T 1
PNGOE SRR PSS o S AR AN R 1 o o 1
A S A5 T RERE 1 k3
2.2 R iEE SR E R E R R0
G F G Y TR — B 37 B G AR X
0 R ) G 4 TR OR T A b B A B ik A A R
T L RV A RO K BN . TS 0 R i 4
A P T A B 35 5 1Y) TP JEE 2 5 | R A T LR AR
JERh B R T RSN IE L AF A L M R KL R
MRE L. BRI X AT 1 — D gE . X TERR
A AR RGE AT AT AN 1 B s
TEARE Z | L FEEgAL, o0 R S MM o B
(AT RN -
d = [tan w. (3
TR R G0 AN A7 AR ROE i B D - 5 A A

2 i
lens -
u
obscuration w
— - — D u -
1 l
focal plane

LG R G i BUE 0 42
Fig. 1 Circular central obscuration in optical system
JE AR AR ] LI A o G 0 O K
ST E AR R L INIE 2 FroR .
Yy

circular obscuration

-
\/ ; —
d > //_/\e/m;rance pupil

Y

o x
k//}e
Bl 2 A G A o 4
Fig. 2 Central obscuration to oblique rays
WAR, M d > R+ r i, [@JE 58 2 70 6
AR, K, = 052 d << R—r i, BB 58 278
AT P LI
R* —*

K, = R (6)

Z & R—r<d<<R-+r 5. & JeB 7y B4 R
(] T 3 4% 5 5 AR 1A 19 38 A AR R e
jl,z +y2 — R?

2 2 2 (7)
e+ G-t =r
i
B R? +d2 2
Y = —og (8)

158 FE2 28 4 15 51 o 78 v % 8 o 1) 1 B AT R

Y

R
si=2[ [ G Dy+ [ Ry ).

(9

Bl AR A R S5 b SRR R L R
_ xR*—S,

K, =" (10)

W BTG~ QO R ELE R L BT
RS A o X K, (8 IR (0 205

0322004-2



RGOt R Ge G Z 3 2 vt e

HIRBE T RO, LLARE @50 mm {9 2 48 9 1] . |
W RIE P4 5 A BB 29 [=40 mm. 5475 8 K, 1&
AFEEFE AR T 5 M 05 R WA 3 s, N
HRT A PO R AR L B b K R
K. A i £ 2 A AL i) WL 3 # i85 ok . i
BIE K. BEAL 3 i 58 0. ey 1 ng s IR A
LA S Y 15 i AR T B B KT b A A A —
SERLHE AT XZ AR I LA S R Tt R 5
B R AL .
2.3 HDIEEE xR i o H A R
HRE a2 2R S8 I pR T ik
in

1

out

A & Sl pR BRI A b+ S S BRI A AR AR

100 P s
e . . u N /(.o /A/’
0.90 | r=5mm s
oo — 7
e
0.80 r=10 mm /
S r /‘
0.70 - A
0.60 r=15 mm
0.50

0 10 20 30 40 50
Viewing—field ange /(°)
K3 K, 58 MIER
Fig. 3 K, versus viewing-field angle
FEAERH T R I L 627 R 58 106 2 1% 126 bR B2
HotmE R B A AT 23 —1b )G b F ik R AL
ARGk Ny

H (t+ &g+ 1)G (& y)dedy HG<5+{=’,0+7,/>G* &y de dof

D, ,v,) =

= , (12

jj | G(& vy) |7de dy

A

S & A AR T T GO B 5 el
rﬂiwﬁm%%mﬁ%azzjymw B S

[[OEi2

I A% 3% R B Do, oy B 43 BRI R 7 Y i
FETT M RE RS R 1 & 1 AL D, o, 158 BE B 6
M T A B AT B LR BRI O o AR G B4 9 AL B eR
(MTF) . AJ 45 g b X0 A7 J8E 42175 B0 T 1) % 32k R ik
FITEES . B RGN A 1% 8 e Bz h o0
TSR WA B THIRZE AN B 4 R R AR bR
% bR A AR T — AL =S (R L b S ZR A L. W]

1.0
0.8}
0.6 |
0.4F

0.2F

Modulate transfer function

0 1 1 1 1 |
0 0.2 0.4 0.6 0.8 1.0
Normalized spatial frequency

P4 IR A Ot 5 8 BRECT B

Fig. 4 MTF degeneration caused by obscuration
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