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# A SAR LRI F R iRt

REW, RE# K ¥, RFER, TH#Y
(PEBMFR KELFREEIRE WET LA, FH K& 130033)

FEE .o T LI XA AL 2 ik (Synthetic Aperture Radar, SAR) 54 52 i i {4 4 B89 B 69, 76 F H 25 18] 56 94 461 4%
(SLM) Atk b 33 T SAR B8 52 AR R T8 24 A2k B, I 04 28 % I 78 SRAIEAR BT 1% 00 T 0820 2 48 B i AR L,
56, A SLM 402 £ G RS 1 AL 38 25 0 59 e A, 3280 SAR B3t e ny R . SR)E AR TE T M0 SAR HOCBUE %
EOLF R A S, RIE SAR ARG SR R L BT 2 2R OR B A AT 5 B, AR U A3 4 00 B IR BE R T Bk i
B LM B EA 20 TAEZS 8] BRI B3R 4 3T 4 Aon xR M X, &t MG » B IR 5O LI b R 40
B B BR R LUE T RS . i E R R RS MTF fEHUE RN KT 0.4, B BURE R, L%
AL S d B 1 400 mm ZE 45482 700 mm 7845 . 9 A2 5 i B oR A0 S PR B K .

X B W ARILBRFTRA; AFARE ;TN RE; B AEAREH

FEDEKS:TP394.1; TH691.9 XERFRIRAD : A doi:10.37188/YJYXS20203511.1185

New SAR real-time imaging optical system design
CAI Zhi-peng, ZHANG Xing-xiang” , CHEN Zhe, BI Guo-ling, WANG Hong-jun

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

Abstract: In order to achieve the purpose of real-time imaging processing of synthetic aperture radar
(SAR) data, based on the use of spatial light modulator (SLM), a SAR data real-time imaging ob-
lique plane optical processor is designed, and the optical path is adjusted to ensure image quality and
reduce the volume occupied by the system. First, SLM is used to replace the film in the traditional ob-
lique plane processor to reduce the photoelectric conversion rate of SAR data. Then, the structural pa-
rameters of the optical processor are set according to the known SAR related data. According to the
horizontal and vertical reduction ratio of SAR, a cylindrical lens that meet the required magnification
is designed, and a spherical lens is designed according to the overall length of the cylindrical lens to
ensure that the cylindrical lens has sufficient working space. After the design is completed, the optical

path is adjusted to reduce the volume occupied by the system, which is compact and lightweight for

Yo B #A :2020-04-14 5§27 H #:2020-06-30.
BEEWHE :[{K A RPHAHE (No.61801455)

Supported by National Natural Science Foundation of China(No.61801455)
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easy use on spaceborne or on board. The design results show that the system MTF is greater than 0.4

in the cut-off frequency, which meets the imaging requirements. After the optical path is optimized

and adjusted, the total length is changed from 1 400 mm to about 700 mm. The results meet the de-

sign requirements and actual use requirements.

Key words: synthetic aperture radar; optical processor; real-time imaging; compact structure

nu\l

1 7]

G AL T I (SAR) B A 2 K I 4 KA L
Lo il 45 R B A 5 RATAERRE ) . 2 dE W
B8 SR AL A T DU T H R R R AT
% . BRESAR Bl S R ARG R SAR &
GEAEVF 2 S0t B A s R R . IR AL )
BT DASR BEA 250 R AR IR 0 2 R, E R Y A 5]
G AT A% Hiw AT LA AT X B30 % i R g i K
M RG W T HIFATR AL FERE Ty . 75 SAR 4
S AR R TR

SAR 4 — A6 AL BT B B5K0E | B A IE A
B35 Bt R R ARG, FRON HEIE B B AL SR % R
GEM 1957 42 1964 4F4 iz i . ARJEIT K
RV A b BE g, A 22 D) RE M A R T M DT T
(CETAE 5 7 N ol = A A e A U O e s s R S S
0 HETE 5 B 0 ot 2 b B TT LA AE S A 2
10 #f B ik R L AR T RICR Dy AR DG 5 D8 150 0 38 o i A8
- ThT A B ] 4 B OR B AT T R TR R
UL

T 58 62 b PR 8% & G0 T KL AR MEE T/
RUEALEE T AL, (EE 7 b J8R 1Y DL B =5
5] 6 3 il 2§ (SLMD Fil CCD %5 #% 14 1 & & B 3 1iif
A BB — A8 SAR SEAE AR BRSSO E K
JEEEWEFE T (ANO) 5T N 5 1R 1% U A 1 K
MEEsE ., JF HE &AL AT, ARGEY] T
SAR G274 B 0 AT 47 PR R JR I AR LA
T et it 2# oo SLM &% e SAR JU 46 B8
B H T ek b ¥ ENVISAT LA E Y ASAR
A SAR IR RCHE  AH N BE HEAT FE MR & BE R
B & A 4b B, L BB £ % ) 5 7 (Range
Doppler Algorithm, RDA) ¥ ) I B 6 3 £ 1F
(Range Cell Migration Correction, RCMC) Fl —.
WA i JE 45 ( Secondary Range Compression,
SROMH . b A2 K2 4 SAR D2 4k HH 25 4
HEAT TORSE BRI T —Fh X T KOG A L

A AOGAE AL B L A B OR AL GRS A
HEAT R B o AR e b B R R S TE B SLM 52
BL SAR AR & MR ST BowT, BN
SAR SEAF RS J5 5 78 D RE AR L A B R R AR
SR T RN RE AR 4 M 3 . SAR FE LS I AR
SR AT 3 T R R A SAR Fid S K
18625 b PR

ASCAERM A SLM (1 SE il b, DLARE 17 Ak 28
i RAKHE T R G B /N SAR B SR K
BNERG, ARHE T RENKE . D& ME
e, DT AT DA ST B AL 3 s T8 N HIL AR R T Y ST
AR .

2 SAR R FA 2R REAEA

2.1 SAR#EIER

SLM A T b 2 = 4 37 5 (5l 59 04 % i i
Hl#FE . SLM AR 2 /N it & 4B, AT e 25 1]
L HES R R AN S & RS AR
LR 5 BOGME S, BT VA Y F 2 M T, X 2
5 1Y 7S A 23 5 e PR YR T HE B, DA TG 27 )N
EREFPERT . X R AE /D & 3R T O A2
FIAH N A R R SRR A7 8 L R O ke M R Ak
SAR IR AE 5 Ja AR 1% 48 ot 2% b 3 4% b i i
F o AHEARBETE R — B SLM L[] if 52 30 A 457 F0
R B A R PR LT R B L [ AR . B SAR
B (0 WE B A 2R B 5E — B SLM L5 Tk
AR ST 32 17, B A7 65 58 — B SLM
b B A B B A T He SLM B fif LA
SEAENY SAR B4 L AF FH AR R 0 6 FH B 58 4 A1
Tvi) o L8 1 B 1) S SLML ¥ B 5% Ak 4 Bisf ) B 0
SEIFEEAR LR S SAR B Se i) gt 2 50
B A . B CCD &8 CMOS M #HLE N SAR Kl
ENE e

B SAR 1 TAEJFHE NI 1 iR ALY &
1307 VR A R B 1 L 5 AT ) IE A8 0 2 1)
AT



5011

BEAEME 25 R SAR SE RO R kT 1187

Slant range
(beforo processing)
Slant range
iaﬁer processin
0 zero Doppler

Nadir
/

Ptane of zero (a,
Doppler

0,
2ple,. )

Bl 1 SAR RS HJLIT XK R K

Fig.1 Geometric relationship of SAR system

SLM Ze i i il #5417 52 B 9 SAR Hicdls , RV 3t 1
B E BRI [ 3 A Y AR LA B
HAERM S T — 2B TR, 2l 476 BT
SREREM . W THERES  REER 7, .

2
e

f"ZZA,K,qz . (O
XTI  RAEFERE /.

1 (A\R

‘f“_Z(A,JpZ ’ @

AL, BN K . K, N R SHE S B RTR,
q 9 SLM BEE M4 R kb, A, Rk, R A
S RS Z B RS, p RO AR R,
22 SARHEXF4E

A 2 CD A 2) R, 15 A 7 1) G 3R A Ol
A ARK I ASTR] , H B 1 5 8 AR 0 Ry — o 85, D
B AR 1 Dy — 3 BT 1E S, 7 7 ) R AR RE RN R
BLIE F L FF H R Bl ALK B 8 & AW AR Y,
PR 5 o7 4 O T2 — AR . — ROk U X
AP B RN E AR [ R B 2 ok
HEZANMHBRMESESIM FESSRN, 8T
X 43 3K 26 H AR L B2 55 0 RO A iU A R
S FE B 1) T A7 ] R 46 TR AR B0  AE 2 A
fr P o LA AL BEXT DL L )L $E T SAR
RGBS B0 BEIE 454 . SAR S 52 1
162 A BEER JR A RGN 2 s . R
[7) i

(DX AN A (14 BE 5 £ 8 18 A7 067 45 1 T A
14 B RIALIE 5

(2) X 5 o0 4557 T AR} £ B A I 5

(3) REME 5 TE 1 57 B o A9 AR LL , B A Acb 2 25
SRV EN IR N S I B 1 R A 1D N S VA

Lk :% A 55 I P15 L A AR TR B4 45 0 L 491
(DO EPIEE W15 5 E 48 . BIXHE 5 PUaT R
A8 4k,

LCD miccrodisplay/(SLM)
Raw Data Plane

k“»—t

Camera

Fourier Plane Image Plane

. Fourier Transform Fourier Transfc .,

Raw Data Display ourier fxansform - Range Fooud

Horizontal axis [] 0 0 rl n ¥

TV v oo

{

Vertical axis_[] G O G G ﬂ
Focus Tilt / \ / . \Th
Correction Fourier Transform Fourier Transform C‘:"’r‘r‘:cﬁ‘on

Raw Data Display Azimuth focal plane change & Focus
Kl 2 SAR Hdls s 5ot s: 2 4t I 5 K]

Fig. 2 Principle of SAR data real-time imaging

optical system

FE G274 35 v T A4S B 1B D £ BB AH 45 09 Bk
T 58 o FF o X B 885 [ 45 5 R A7 e 40 A8 1 [ B ide
T B A R AR D RE . R B AR 4 R ER I BE
LR 6 5 o iR AT R 46 . AN O AR
BCRANTR] W A T A A 1AL IE B[] — {3 Y [
B 1) FH 2R S0 2R 96 A 1) 5 K 238 R 1) Tl R 2 AN )
(A RE T B IE I 6 45 57 T R R AR T A AR OF T
Ii] Aot A7 AN e A% Ak B 5 R A% o % R AR L
B CCD =% CMOS. X H F 28 i B3 & 1F i /1 1Y) B
JI4 B AS BB AT 18 A% 1 21 58 4 B IR
7 24 SLM 51 A — A8/ i 450 RE A BE 4 45 PR
A B AR G R e T A

3 #H A SAR #IE E R AL B F A
i1

31 BRERIRIT

BT B 0 70 Ak R A S v L B R AR
S THT O — 3 LAY - T AN 08 L R AT (6 A A A
1E A I 0 45 A B A ) A9 0B BRI R 48, S O A8
X IR B o) R AT A 5 T 4 R 2 T 4 o B B
i N Bk Bk B R R e ThRE . T
i LI 3 B2 45 15 ST B MR B BE AN R B
T B E R LN LA



1188 W5 B % 35 %

(1) B 728 36 56 5% 00 200 %5 P ot 3 6 7 8 ARG
New lens from CVMACR | ---------- DIFFRACTION LIMIT|
IE BB DL S B 4 84 2% L — X J2: LS A T b A DIFERACTIONMIF |~~~ Jormmpaory  MAVELBNGTIWEG
55 6947 RAE S 97 LS T 9046 655 38D o % AT e i
IRF B 5 77 S5 0 38 T 5 7% — 2 L A TR R o 0 1 09

Xt AR 7 65 i Ak o8

(2) ML HL I 35 5 A0 B0 2 OF 9% 2 1 o B 83 :

B2V ATASHR i BB R R B

Lk 1 E LT AT FORA - -
(30249 7 i G A T 7% 7 38 Bf 37 1 R o a2

A M RChE L 2
R SCAE ISR R T 0 2856 4 % B 69 8 7 W R ey P

Ve UEHH IOV A B B A5 ZE Sk T SLM H 4 .

AR A G767 1) 7 B B o b R (MTE of Fourier Lons

BB O EAERYN O, 752 2 I 221 B3 (4B A MTE
Ja EBEARE EH AN 30 mm, fEFE A 350 mm, Fig.3 Structure and MTF of Fourier lens

N 2w = 6° R LB g ah # , BT 45 S 8010
F 1R RGBSR WK 3 fin,

1 BEMERLEMSH

Tab.1 Structure parameters of Fourier lens

R/mm d/mm Glass —a— ==
271.228 9 17.000 0 K9_CHINA
—1 347.660 2 27.834 2
167.762 7 25.000 0 ZF1_CDGM 178,37 MM
New lens from CVMACRO:cvnewlens.seq Scale:  0.14 08-Jul-20
130.774 6 22.000 0 )
(a) BRHI 55 45 14
—130.774 6 25.000 0 ZF1_CDGM (a)Structure of spherical mirror
—167.762 7 27.8342
. New lens from CVMACR |~~~ "~ . %FSRACT‘ON L
1 347.660 2 17.000 0 K9 CHINA ngﬁ{fgg&sﬁ% i:g:m:g:gggggg AVELENGTH WEIGT|
RN Jomomome | &
—271.228 9 284.032 0 o = DEFOCUSING 0.0000
~_
0.9f -
0.8} = _
0.7} =
206} ——
3 .
0.5
50.4
=2
0.3}
02/
0.1
10.0 30.0 30.0 0.0 300 6.0
SPATIAL FREQUENCY(CYCLES/MM)
92.59 MM . N,
New lens from CVMACRO:cvnewlens.seq Scale:  0.27 03-Jul-20 ( b) ﬁk E %ﬁ MTF

(b)MTF of spherical mirror
K4 BRIEBISS A MTF
Fig.4 Structure and MTF of spherical mirror

Ca) 8 LI 355 B 45 44

(a) Structure of Fourier lens



511 4

BEAEME 25 R SAR SE RO R kT 1189

BTG5 S R AT 22K, R 7 2 AR PR AR 45 Y
UL R GE, Oh 1 BT A a7 B, R B S
BT 1 DU 21 0 4 % BR 5 44, W R S ) B A 0
. BRI 45 R M AUG B an i 4 P .
32 HEREIT

FE 557 ] o BR 1B RN A 358 B 3 W] 4 L X6 O 7
A5V ThT A7 R I 1 () s 3 A 1 A7 8 Y- T )
FHAEE . TEZEPETIOR F8 0 75 2275 1 5 o 1] A i 25

16045 R LL 9 AL B e = %ﬁ,ﬁmuﬁmmwﬁ

JOHCAS [ i 3l ) A EE AN R A TR B A7 oz 1)
AR T DU A S B R A ] LR O k=
1 AR BRI B R 48 PR 328 5 B AR 4 3L WA Y

g RSO R b = % —2 ff) SAR &

. R RERE £, = 2, RIAT, [ b il 22 R E
FEB BRI R G AR BRI B 43T . AR SCHE iR
T EEPE A2 30 mm, A2 1543512 100 mm F1 50
mm [P, it e A e A . & s 454
SRR 2065 R A5 R MTF WKl 5 s,

®2 HERZMSY

Tab.2 Structure parameters of cylindrical lens

R/mm d/mm Glass
88.071 0 16.000 0 K9_CHINA
—558.727 0 5.000 0
70.541 0 13.677 0 K9_CHINA
143.112 6 5.000 0
—450.520 4 16.000 0 K9_CHINA
—12.597 9 16.000 0 K9_CHINA
123.752 4 70.000 0
16.264 1 13.028 0 K9_CHINA
14.719 6 4.000 0
JCR 1.446 3
—19.023 4 31.941 6
56.559 7 16.000 0 K9_CHINA
59.093 5 5.000 0
—156.276 9 6.000 0 K9_CHINA
—48.287 6 5.000 0
302.042 2 6.000 0 K9_CHINA
—85.908 2 —

40.32 MM
Scale:  0.62 17-Jul-20

New lens from CVMACRO:cvnewlens.seq

() HEBL

(a)Structure of cylindrical lens

New lens from CVMACR - - DIFFRACTION LIMIT
O:cvnewlens. seq AXIS WAVELENGTH WEIGT
DIFERACTION MTF & 0.7 FIELD(1.40°) GLONM 1
T 1.0 FIELD(2.00°) B
17-Tul-20 H
- DEFOCUSING 0.0000
09 S —
08 -
01
50.6-
=05t
Z0.4
03}
02
01}
L 1 1 1 1
10.0 200 30.0 400 50.0 60.0
SPATIAL FREQUENCY (CYCLES/MM)

(O &S MTF
(b)MTF of cylindrical lens
Bl 5 FE@EEE4 MR MTF
Fig.5 Structure and MTF of cylindrical lens

33 ARt

ZARGAX FEENBGRREWA ANF . %
R GRS — A Y5y TT I R A R AE A
J 1 G I A3 WA T T A I ATEANY .
w1 0] DL R 2 BR T e AN 4T S A fE T
[ AL S SPAT A H 2 3 R AL B S, A 25
XG5 1 B ) 5 ), AR 25 B Ry S A7 A 7 B
) A8 T e 7 AR BT R AR . T DA B ) R R
BLRK 2 (1) PR B 8l mT LGS B34 () iR it . R
S5 8T AL ) AR AL AL

XFF 7 6 1) R L AR, FATH SLM ik & A
BRI AT AR IR b, H 280 Ab B, v] DL 4 B B8 1) R
PR £, =0, 5 hilafEIE £, =457 mm, Bl )5 Y
D5 57 1) £ - 1T BE 2 BR T BT 1Y AT A S T CRP SLM
Hi457 mm &b, REFWIEE &S SLM &
Gk g R mE 6 s,



1190 W5 B % 35 %
M T P8 B0 ) B A% T =, SR P B
T

(a) 7 fir. ] £ 4

(a) Structure of azimuth

New lens from CVMACR ©---- - -~ DIFFRACTION LIMIT|

O:cvnewlens. seq
DIFERACTION MTF

v AXIS

¥ Eg-ggyg-gg;ggg IWAVELENGTH WEIGT|
77777 .000,0.4

==~ X(0.00,0.000)DEG 6328 NM !
03-Jul-20 3 (0.00,0.000)DEG

DEFOCUSING 0.0000

AR BR AT R BY UL AL . P Ak e B 5 DO B b B
e ) B — A TS T kR B BRI S AN TAE R
JerRkim . H Ak S, BRI R A AT 1 BRI Y (A
B4 63. 682 4 mm, i [8] B& #£ J7 {7 [a] o A% i
(A SR~ 3 e NI ) S ) DR | 5= ST S @)
* 3.

I ) B OAR 4 T 4 A BR O BE Y R AR 7
b BRTEE R AT P AR 3 AR R T B
J5 A6r ] 25 K op R 3 B 4 it R R AR IR B G
B, AF 2R 1 A5 Sy Bk i B AJ, L85 SR MTF anigl 7
i

e Ak, & 25 B RIR R 4%
ZRGEEAS MG ME LT BK LN 1 400

mm . 75 B A2 ] L R T G T R PL  [R  AE
W B ey, 2 1) b0 2% L A7 06 B G 5T . 0 0 2 1 o
(o i MTE PRBL, I S 1 R B E BR T 4 G T B X R
(b)MTE of azirmut (B, B kBRI 0 Ot 2 4 X L A o T
B 6 7S H A MTF T AT A N T L G H 4 R S
Fig.6  Structure and MTF of azimuth WA, BAb,BRmeE 2 R K B T
3 FHKBERH
Tab.3 Coefficient of aspheric
K A B C D
JEBkm 1 —0.258 5 —1.064 7X10°° —7.501 4X1077 4,192 51077 —4.683 7X 1071
JEEkm 2 0.505 1 —3.838 3X10°° —5.836 1 X107 —1.295 7X10°8 —3.482 71071

O R Ak AT U e Ah AN HEATAT AT R AR L X —
AT RA G, B S REr RERE. 4
A VAR i 3 O B B S B BT DO B PG
XPRCE R ER AU ERZE E T AESEN
R AR o A SO E P R B R G ) 50
mm XF AR O 2 O 457, i i L A
Biisital Jn, ok i B E AR A &
LA AT T 6 B [N o i o0 A B BB D 457 I
n] o R O A A T R i BT 23 R A
BT 7 BN 7 L 1) i — 2 AL L PAAR s

= =
[=n=] o

Ca) B Tl 54

(a) Structure of range

New lens from CVMACR Lottt DIFFRACTIONLIME
O:cvnewlens. seq - Y(D.DDD,D,DD)DEG
DIFERACTION MTF 5‘ (0.000,0.00)DEG Agszﬂf{m WEIIGT
,,,,, (0.00,0.000)DEG .
03-Jul-20 | ——— ¥ (0.00,0.000DEG
10 DEFOCUSING 0.0000
0.9
0.8
0.7
£0.6
S
0.5
P>
élo,«t
03
02

0.1

1
10.0 20.0 30.0 40.0
SPATIAL FREQUENCY (CYCLES/MM)

1 ]
50.0 60.0

(b)Hi B3] MTF
(b)MTF of range
B 7 BEE 45 MTF
Fig.7 Structure and MTF of range



511 4

BEGEG 45 B SAR SZEE SO

ARGt

1191

I8 Y R i BT

T 2R KR b A i it

TR, % 8
i % P

SR U TR A 5 A4 Al R T Y IR Bk
il AR AR Ep&iﬂﬁiﬂ%
PN — R AR Bk HE AT A .

tﬂﬁ@ﬁ%%:A%ﬁﬁﬁ

e

=:SS:sSis
§ii==i=SsEEIS

—h

AEEkim 2 5 AL . 11k 29 R 5%

FAT3 9K 2 B THI B

— AR AR T2 AR RS &R G A

AR EER

Wit A 8 i, 340 m|

TR BILE 4.

89.29 MM 147.06 MM
New lens from CVMACRO:cvnewlens.seq Scale:  0.28 08-Jul-20 New lens from CVMACRO:cvnewlens.seq Scale:  0.17 08-Jul-20
(a) B B ) 25 4 (b) J5 i 1) 45 44
(a) Structure of range (b)Structure of azimuthal
New lens from CVMACR ¥ glgggﬁgg‘;;gm New lens from CVMACR - ,,gl.mﬁgo]g%g“”
DIFERACTION MF § (Ctoonobrg - WAVELENGTH WEIGT S rpy 8 Someonom  waveLENorH wEIGY
ETEn e e e
o DEFOCUSING 0.0000 o DEFOCUSING 0.0000
09 \\ 09 \\\
0.8 ~ 08 Y
0.7 R 0.7
§0.6 T =t §0.5
S05 - 05
50.4 éo.«s
03 03
02 02
0.1 0.1
100 20.0 30.0 40.0 500 0.0 10.0 200 30.0 00 50.0 0.0
SPATIAL FREQUENCY(CYCLES/MM) SPATIAL FREQUENCY(CYCLES/MM)
(O BEE [ MTF (D Fi il MTF
(c)MTF of range (dD)MTF of azimuthal
8 MRIJEEH A MTF
Fig.8 Post-planning structure and MTF
F4 EHKBERHE
Tab.4  Coefficient of aspheric
K A B C D
JErkim 1 —0.004 8 2.971 4X10°° 6.677 9X107°  —3.160 8 X101 4,186 610 *
AEBRTH 2 0.610 6 2.461 5X10°° 5.235 1X10°7 —9.452 2X107°  2.262 5X10°"
EEkm 3 —0.147 6 4.319 31075 —8.178 6X107° 1.899 7x 10 ° —1.920 9X10 "




1192

GRS RN

35 %

AL . RE R K E BRI AT 1 400 mm,
AR 700 mm AT KRR T RGN G KE A
T SAR R R GEHLAAE A .

34 WAKE

A5 i FE T HT SLM Z B By Je /i o B T T
BH I FR G0 R 1) R YA ] R ROR [R], B G AR
SF-TET AR BB 7 RS IE BE 0 A5 B R BRS04 14 SF- THT
SEAAEIE B B AR A, b SLM i 4 o°. it
B R S T E T I A B, i 9
Fi7s

SLM
\%

SLM

ﬁa

1513 SLM

[\ e Jehh
75
biive-Sai) fLeE

P9 SLM iRl & E
Fig.9 Diagram of SLM

H1 TR 16, BRC 2R G A ) R R — 1,
DR AR — 1/k% B LG i BRI R 5 ) 1
R A BUR AR ZR R BUR A A TR R
A B, AR 7 O£ T T AR A o A SLM
A5 T E 5, EL bl BRI BE 20 B R 1.0 o =
o o HIE 8 WILAISCR AT B, o BYRFR N

tana’ :kljtanﬁﬂ ) (3)
tanf :Jl;a €]

itk N EDINCO NG K 1P

~

1 a
— ; . 5
kE—1 k*—1R )

WA SAR FESH LK « =0.011 377 .1k
AT AR /N IR AN 23 7= A AR R R

tana = tanf =

4 BT
41 HKBE
— 58 3 AR 62 2R G0 0T LS B S )
BGRB8 BRI . W — R ZEN R
5 1) S o I T R P RR K T U 2 ) AE AR 25 L XD
SRR, MOLFRE R KB EMT
/4 Wt if . s v DL R G 02 58 H IR R 4
RGBT PR E(RERITNEE 2 S HE

S 22 G BB R A0 I L DR — A RO R R
R ALAERS P B2 T AR A= . AR RGP R 22

WE 10 frs .,

(X, ¥)
Y-FAN 1.00, 0.00 X-FAN
0.192 RELATIVE FIELD 0.192
(-0.00 0.00°
E— — 5 — —
-0.192 — -0.192
0.67, 0.00
RELATIVE FIELD
0.192 (-0.00 ¢ 0.00° 0.192
< 4 — —
////
-0.192 -0.192
0.00,  1.00
RELATIVE FIELD
0.192 ( 0.00% -0.00° 0.192
S — I
_—
- =0.192 =0.192
0.00, 0.67
RELATIVE FIELD
0-192 ( 0.00% -0.00° 0:192
2 =
-
-0.192 -0.192
0.00, 0.00
RELATIVE FIELD
0.192 ( 0.00°¢ 0.00 ° 0.192
1
-0.192 -0.192
New lens from CVMACR
O:cvnewlens.seq
OPTICAL PATH DIFFERENCE (WAVES)
26-Mar-20
B[]
Ca) I 5 o) 30 15 22
(a) Wave aberration of range
(x, ¥)
Y-FAN 1.00  0.00 X-FAN
0.178 RELBTIVE FIELD 0.178
g .00 0.00°
T~ _—
— _— s
—
-0.178 -0.178
0.67, 0.00
RELATIVE FIELD
0.178 (-0.00°  0.00° 0.178
— ——— —
-0.178 -0.178
0.00, 1.00
ELATIVE FIELD
0.178 ° o 0.178
( 0.007 -07
‘sq\\\\ ///
— 3 = =
—
-0.178 -0.178
0.00, 0.67
RELATIVE FIELD
0.178 ( 0.00° -0.00° 0.178
— — 2 — = _—
—— —
T
-0.178 -0.178
0.00, 0.00
RELATIVE FIELD
0.178 ( 0.00¢ 0.00 ° 0.178
—— — N ——— —
-0.178 -0.178
New lens from CVMACR
O:cvnewlens.seq 000 n
OPTICAL PATH DIFFERENCE (WAVES)
26-Mar-20

() T o7 17 9 5 22

(b)Wave aberration of azimuthal

Ko Pefg2z

Fig.10 Wave aberration



511 4

BEAEME 25 R SAR SE RO R kT 1193

HI I 10 0] RLFE Y, B 5 1) R D5 7 ] 945 22 42 /N T
1/4 P A e [ AR 22/ T 0,192 Bk, U5
BLIa) /N T 0,175 P, W n] Wi & 48 1 ¢ 4R - I
RV R

F1:60.00 ¢/mm, tan
F2:60.00 ¢/mm, tan
F3:60.00 ¢/mm, tan
F4:60.00 ¢/mm, tan
F5:60.00 ¢/mm, tan

New lens from CVMACR
Tolerance Analysis

08-Jul-20
100. _

——

-
90.

80.

70.

60.

50.

40.

30.

Cumulative Probability/%

20.

10.

17

/

0.
0.639 0.620 0.399 0.326

0.546 .47
Modulation Transfer Function

Ca) B3 i) > 22

(a) Tolerance of distance

& 11
Fig.11

RGENE., RENZESFEWNE 11 iR,

P2 22 43 BT LA &5 21 mT 60, BB 8 1) Ry 67 1)
FEA 1F 50 % b, # A AT 90 %0 Y HE R 2k R F
MTF KF 0.4 UL, 05 e 2 2R,

43 FEFEITATITHEDH

A 3 THT AR X T BR T B Ok B T xE BE AR

N TE (2 TR DRy M= N | 2 i

42 NESW

SAR Htlls S iiAG O 2 b AR AN 22 FHF IR
FARFEARELR DL S IBIN T-RE /1 . $F7E 60 1p/ mm %5
(A 3RAL L LA SRR MITE T Bt Ay v DR i 2

F1:60.00 ¢/mm, tan E—
New lens from CVMACR F2:60.00 c/mm. tan I
Tols A i F3:60.00 ¢/mm, tan _—
blessnce Andlysis F4:60.00 c/mm, tan —_—
07-Jul-20 F5:60.00 ¢/mm, tan
100. ,,,,
= —
%. Ve
80.
!
//
s 70. 7
g 60. /
- I/
£ /
4 40. A
B . 77
3 /l
] 30.
=
© 20. /
I/
10. 3t
0.
1.000 0.800 0.6 0.4 0.200 0.000
ion Transfer Function

(b) 7 la A2

(b) Tolerance of azimuth

nEMTHE

Chart of tolerance analysis

T B AT AT . 78 code V] I T s ik
EARBR AR R S B A AR R AR Bk A . R
g 3 AN AR BRI AY IE BRI R A 45 0 L%k 5
fiR .

1 2% 5 B AE BRI EE AT %0, 3 A Bk 0 HE BR
Y /NF 9 pm, HAEBR I R BB E /N, BA 5%
bR T Al A7

x5 EHKEE
Tab.5 Results of asphericity
R 1 R 2 BRI 3
Y/mm SAG/mm Y/mm SAG/mm Y/mm SAG/mm
0 —0.009 531 0 0.005384 0 0.007126
2 —0.008 987 2 0.003923 2 0.005816
4 —0.007 073 4 0.008348 4 0.002693
6 —0.003 541 6 0.000014 6 0.000100
8 —0.000 076 8 0.003885 8 0.002590
10 —0.009 532 8.3 0.005384 9 0.007126
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