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Development and analysis of off-axis reflection optical system

LI Rong-gang,ZHANG Xing-de ,SUN Chang-feng, LIU Lin,LI Jiang-yong, WANG Cheng
(North China Research Institute of Electro-optics, Beijing 100015, China)

Abstract ; Off-axis reflection optical system is usually used in space optics and remote sensing owing to its merits of
large aperture, high resolution and broad spectral band. It is difficult to design and fabricate an off-axis reflection opti-
cal system due to its complexity. Characteristics and development of the technology are introduced in the paper. Meth-
ods of optical design, wave-front sensing, computer-aided alignment, lightweight developing are proposed and dis-
cussed.

Key words:: off-axis reflection optical system;wave-front sensing;computer-aided alignment ; lightweight

1 5 &

B 2 [ s R R 0 B = O R R ) K g
X6 RGBSR MR, HAR R BT - S R =
[P SNCINET DD i 3 2 SN SR D D) (RN

AR ISR B 3 4 D T L P R 4 1
RGO AA KER RO 200 451

BB TR bR RE Y FR ) % 98 1
?ilfl’é%%ﬂ’}%ﬂlﬁl,%Fﬁi‘ﬁ%ﬁﬁj“é%”mﬁ%ﬁ?ﬁ
MESZ BRI 200 R B8, A8 LR A — Bk T At X
BT R R A S B R O
AGAEL RS 2 B B ROR R G 07 1
HA WA

UTARSR , B BRI i ERTERIN S AL
P R AR RO SRR AL B O A I A <
FOAR I K Ji 55 1R, D s b S 502 R G e
A DB 1

2 R 5NAGE

B A R F AL T

(D) B2, AR T 20008 25 5EH;

(2) ToH LR, AR T 3w RGO EROR
5 R P 5

(3) ZER RIS K22 St ] 2T 5

(4) AZICZE R BRI, 142 AT LAROR 5

(5) A oA , PRI W PR o

AR T H AR A AL e 0 L, 32
R -

(1) DA BN R L] 5

(2) & A s th () 253K, ASHF 208 5
TR 5

YEE B - ZR2RWI (1977 =), 55, WL, i G TR, O e R
FREI 558 TAFE . E-mail ;iroptics_lrg@ yahoo. com. cn
55 HHA:2012-06-29 ;1817 H#3:2012-07-15



ot 5 4 4b No.2 2013

ERNIE B S 2O RGBT E R S HART 129

(3) ot R GBI IR X 5

(4) ks 5 5t

BB 2O R GRS S RE T Ry i ) 1
P, EET 20600 R AR BUE R X
T v o O A R I HARA 2 o HLE L R HO
B,
3 HARER

AR [ A M O B AE B il PO FO S R
GEWFTETT A T R 0K 1, I AT A BCR o

TEFESN, 56 [ 7 M 58 AR A 5 B o SR o
[ [ 20 {22 60 AT IR E TR AR N 208
FRGAENLE B BRI, U2 UL E R
Je it RGBSR NE o 32 F) L mEHAR 1R, %
F AR B Y gt , REEBE AR, — i
TR AICA AT H RS, 70 0T B
TEM = BRBARG(TMA) o £ 20 {20 80 4F
U 7E TMA ZE R i Bt L, Bl s g5 20824 R 4015
FIEHIRIE

PEA 21 AR Ik, 5 25 1] B ) St e T 45
IS )T R, 56 [ — 45 o 5 A 1 U 1) B 5
J¥ . Raytheon /3] 2004 4F P75 1 — 3K VUL
RS CE L FR) o GRG0 B 5 = R R G
Fb , HBSAE B R B AN D AR BE R X R G ) 31
KESRGHELEA DT 0.3, REH F Hl ik

F3 91 B% & 5 B A 1435 10 5% 15, 2010 4E, Cor-
ning /A A —2OHT R Y 4 R TR 24 (n
B2 7R ) o 1% 22 88 B T5O6iE , SO , 4t B

q
|

2 Corning 23 Bl B XU [ 3 R 5

FOFE o AR Geil I R 8% 1 U0 5 SE U b , #.3%
A 4 X,

TEE W, — S8R5 558, dARAR T 1 255l
B RO G2 RGN, IFAF BRI A, H i E
WAL ST 0 2 E 2L F TMA g5, i
e, KA AR Y PR G T AE TMA [ 3Lht b1t
TSR LA B 4 R SR (i 3 B
IR BT AN R A R, R EA TR
P ZRGE TP I LL AN B A2 Bl 1000 mm,
KL A B £ BB 800 mm , RGEKJE ST
WEZ 8 0.5,

B3 SALRLIAN G B 4 R

St B AT E NSRS SR B O
SRGAEVIT T R AT AR — LB RN,
HRFR P58 0452 B AE BGOSR 56 B B, 5 T
AR AR B 225
4 FEARRF

SR ENe a2 [ R- NN et ot =) | I SR UILE5 7 N
B B BT A 5 R AR T vk R 8 il s =0k
RGN E R T HINTFBL, FHMOLERGER
TH5 s AT RN 5 S BB B (i) bl
ST BN A I AR BT 5 4 B 45 D IR AT
— T
4.1 &it#FH oy *

BN 3 R GEAS TR % G R ) 54
WA, A TR BB HN, REC S 2R E
I, Bbr R A Z B, RERR B FSEE 5L
PRAFAE—E 120 . RADGEIT R 7 5 R IE &R
B8 65 SR IE R 0 T S R AR W] R
AR (] R AE S HT AL bR R T TR A5 e ik
Tl e b, e T Z A B B A AR e
HAEALR R AR AT 420, LA i i R S AE LAk
T R PO ] R XA AN R 1

B O FOB A RGP AR SR S S
RN RIIE R LA TR AL 3 H A
B RIME. A TR R R R SR O R
4, i oy — B AR R AR, A ik
e — AR HERE X FR AR KL 1y i T 4544 , FLRE



130 o5 a s A3 %
R B BRI RGCMGE TArRE 1, (F LR AR (ROR B b 5 R P B LA 2
MO TR RGN E R T, EE BN W S R
F S (NASA) 55728 Jr (ESA) B 28 TF g [ e 1 7 !

BB S GBS, o A R B it

R, HorhiF J2 2 ( Zerike) 210 e HACF M t

4.2 BHHEMHA — e
BB ST S0 2R BRI T e i a2 AN

B RTERI A A, HoAZ U b a2 2R 558 I T A% 22 1 REEM | MR

E o RGP HMR 22RO R GG b R
AR A B, R LARR I 15 22 B 4R 5 R 4t
R B RR B (PSF) Koo A% id s B (MTE) o il ied
PRI JE 50 (Zernike ) U5, Al DUARAT R GL 44 Fl 4
ZARE, N RGNS o 8 5 S A P iy
7 RUIRSTE Bl & NI PR E R BN RN e 5
AT 22, (R G HAT A& A DIRE
SRBRTHRI AR 2, ik
FARBEETI % (258 - M & (Shack-Hartmann)
Dt 3y ik TG I Y I, 2 A
PR (ADEI RS BRI . 5L ETTEA
7], 2587 22 4 i B 4 9 i R0 T LA 0ol B ik £ [
RET, ik f I EANE 4 R
WERIES]

HRPEL —

mi

Il - .

Pl 4 BT 22 03 s A IR TR ol 2

4.3 I H AL B R

H T A S A SO SE R G S 2R, AL 5
B IR T IEARMER DU S iR 22 o TP B
PR XL GBI IEA AT, A E B, BEAL ALY
2, A R S S R R I 2 1 A8 — BT 9B IR 07 1%
EREE A R IR, IS S A

THRATLA BRI A A RS2 Bt 1Y St 28 G2 A
APREIIRZE T INE S A o sl oA, n] 3RS A
NSHOT R GENERE R W 1Y R KO ) 1, TR
T A B R P E RERAMERE TR R
Geir 22 n] i AT I T A AR . TR
WA 2 S S AN I A, BRI DT T A AN PfE—

Bls  THRLEH Bl i

4.4 H(fm) % AF 2R Y o TAR N

B ROEA FAE SN L7k O e TR
RAEEET, PR A 2 # P T 8E. BER DL R
GEFLAR e B 1R 3 K, 15 48 T AR ME 52 B Al
ARBRIG N T o Bl BR300 B O R,
RETR AT AN K i, B AT B oL = AR Y
IS B, I ELAT LASEEL B ey il i in 1o

RS TIN5 s b ot o e A 56 5 D PR
HE 38 15 B A AR e COH Al i & 0 A5 BE
X HEAT AN, R AGHIN 75 35 i 18] JE U A
I HA S SR I TR 2E . H AT, B
AT AR B2 A 1 A, SR 7 LA BF 42 15 3 5 L
CHEST BORAGI B bl Bk 1T B A AT RE, X
710 B D BRUR: < ) 225 o0 B T Bk w9 S ) X
SRHAEA T AT A 3l o T FLAR PRI A T ORAG A
Aeskm
4.5 HEMNMRI G T

B 2O RGO S E AR
FHAZ K 2 e o) s8R 25 1 <5 T AR B, S B AR
G A I o BIL2R A 2 IO P A ) 8 Bl [
SFOEE RGN BRI TR IR ZOR . SiHR A
HESRBEBL TR AR R G0 i 1 A A 42, 181 6
— RS A B 2O R G R B B AR R
Kl HEZEIEBE 2 I N — R B R T R 58
HIRIEE , NS PRI RGN R . BER R4

K6 Bk gt A OtsA RERELLRE 12
BB BT 5



Bt 5 40 4h No.2 2013

ERNIE B S 2O RGBT E R S HART 131

T4 m AT R AL R AR N, 7E LE I RE 4R
1o P Y P, JEL 2 o P 88 0 A, B X S4B T Y
Mgk B S

Xt ARG L B AR A BROC AT i T, 45
JEHUIN T J 26 e T 20 200K, & B # 5C H i 45 4
SR A BT B, % AT A
AL AR BR 1% B HLGR L, J1~APEREN R o, ik

BH RO ERE LIS FATE . A IRoc o Hr F
ANSYS,ALGOR FEAS 1 1t J7 i A7 38 K 1 {1k
k.

5 & it

DR TV 5 8] B A RN 1R, B R AR
TP BRI B R R e R AL E O A [E)D
FHBIFR I E M Z — o BEE BT FBI 5, B
AU TR LAY R T2 s, 8 b S g
HOb: R G TR AT R JE R BT, 7E 1
AE 2K W A 5 JH 45 7 T A ) — 2
=Tt

S 3k

[1] Yue Tao,Li Bo,Chen Xiaoli,et al. The current and future
development of space optics[ J ]. Spacecraft Recovery &
Remote Sensing,2011,10:1 - 9. (in Chinese)

TGV, 2 BRIGE I , 55 25 8] 0627 & i IR A AR Ok &
Je[J]. ARk [ 5 12 %, 2011,10: 1 -9.

[2] Zhang Xingde,Li Ronggang, Liu Lin, et al. Research and
development of dual-band infrared camera system[ J]. La-
ser & Infrared,2010,40(8) :801 —804. (in Chinese)
KA, AR NI, Xk, 55 2180 R B AR R G i
G5 5% L] WOk S5204h,2010,40(8) ;801 —804.

[3] Michael Bass. Handbook of optics [ M ]. 3rd ed. New
York : McGraw-Hill Companies, Inc,2010:2901 —2938.

[4] Stephen B campana. The infrared & electro-optical sys-
tems handbook [ M ]. Washington : SPIE Optical Engineer-
ing Press,1993,(5) :13 - 15.

[5] Lacy G Cook. Compact four-mirror anastigmat telescope :

US,6767103[ P]. 2004.

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

Julie L Bentley. Extreme broadband compact optical sys-
tem with multiple fields of view: US,20100321808 [ P].
2010.

Sun Chiquan,Zhao Kan,Meng Junhe. Off-axis total reflec-
tion optical system for common aperture IR dual-band im-
aging[ J]. Infrared and Laser Engineering,2012,41(3) :
729 —733. (in Chinese)

PN 4, AL, ZE . R FLAR 20 AP XU B Al 4 g 2R
Gi[1]. LLAMSHOE TR, 2012,41(3) 1729 - 733,
Kevin Pual Thompson. Aberration fields in tilted and de-
centered optical systems[ D ]. Arizona; University of Ari-
zona , 1980.

John R Rogers. A comparison of anamorphic, keystone and
zernike surface type for aberration correction[ C]. Optical
Society of American: International Optical Design Confer-
ence,2010.

Han Changyuan. Progress in space optics and wave front
sensing technique[ J]. Chinese Journal of Optics and Ap-
plied Optics,2008,1(12) ;13 —=24. (in Chinese)
BT DGR AR 5 BRTE AR LT ] T DG
50 HY65,2008,1(12) ;13 -24.

Wang Xiaokun, Zheng Ligong, Zhang Xuejun, et al. Tes-
ting an off-axis asphere by subaperture stitching interfer-
ometry [ J ]. ACAT Photonica Sinica, 2011, 40 (1)
92 —96. (in Chinese)

EFI RS, KR % S LR PR TR
FARBREDITE[T]. O6T2441 ,2011,40(1) :92 - 96.

Ma Wenli, Shen Mangzuo. Finite element structure analy-
sis of a reflecting optical system with all metal components
[ J]. Opto-Electronic Engineering,1994,21(5) ;10 - 16.
(in Chinese)

SICAL, AT AR, 2R Bt R A A FRoT
Spr ] B TR, 1994 ,21(5) .10 - 16.

Zhao Yuan, Zhang Dianfu, Wang Hongwei. Integrated
thermal-structural-optical analysis of a space telescope
[J]. Laser & Infrared,2012,42(4) ;404 —407. (in Chi-
nese )

BRI, TR BB R, . B2 1) B B AL AR B A
[J] OG5 4146,2012,42(4) 404 -407.



