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Model for Computer-aided Alignment of Reflective Optical System

SHI Ya-li'"*,GAO Yun-guo' ,DENG Wei-jie'
(1. Changchun Institute of Optics,Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. Graduate School of the Chinese Academy of Sciences, Beijing 100039 , China)

Abstract : In order to satisfy the optoelectronic equipment’s high precision requirements, the advanced optical system

of these instruments became more complex and its alignment became more difficult. Computer-aided alignment pro-

posed as a new method can achieve the system’s alignment fast and accurately. In this paper, possible positions of tow

mirrors in the reflective optical system were analyzed and given. The models which are normal parallel in plane ,normal

perpendicular in plane and normal perpendicular in space,based on the principle of rectangular coordinate transforma-

tion were deduced to guide the computer-aided alignment. In the end ,the models were simulated by Matlab for super-

vising the alignment directly.

Key words : computer-aided alignment ; rectangular coordinate transformation ;optical model ;matlab simulation

1 5]

M\ 1970 1985 4 Trek 23wl #fFH T VF 2 &
Jii g F Cassegrain Fl Gregorian #5114 S & . TG
HC TS AR R B At R G HHI T
Pob RGP BN HE I B R T A TEJK/A\
FIRH T B e A vk 8 8 7 F 12
%Yiﬁ@]ﬂ@/n%,U\ﬁﬁjﬂﬂ‘%m%ﬂb%ﬂﬁjﬂ_T*
ASRAFR I

H2E RGP B R R R | i o 1153
BT SZ ARSI 45 5 55 BB 25 R 7% L 43 7, i 2k
Wh A A TR A 3, Tt 28 8 v 244 1 2R R O Aos
LS S PR . A EHL b F RS
AR PR B AT 2% G B SRR ey, PRGH R D 1 2k
TR — A B RIRE A58 AR Jy YA IR )

il

(] 1 HLAR e 21 F 75 FRORS 25K, R AR ML B
FVHA , RS R L 08 B PIRT I

i BEWOE AT R G5 e UL R GE, — BER
SO 25 3 , BV A2 R B 19 S U AR S i 1
B v n] B S B P B B 2 1] ) = Fefr 78
RS 25 [V O AR, T2 A 1 A A A 4 S L
$HE 5t AH R TS B R R AR, M AT Matlab X
JCER B BEAT () 2L, AT S BV 18 S .

E£THE: BHXK 863" & Ao & &t R 5w B (No.
2006AA047367) ; o B B < 75 6 L BT = B3 41 B TF235 B ( No.
061X20C060) %81,

TEEE A B WAI(1982 - ), L, HiF5R A, EENF AR
& 5t 72 G o W 5 A0 5 0 D7 T 9 F 5 o E-mail ; shiyali_825@
126. com

15 H H#8:2008-10-10



428 O S AN

539 &

ARICTT ik RPN AT LIRSS 225 B b GO B i
B PO SO B A A X S e, SE B PR
e A P AR
2 REFEZ=EMGES

LA BEROL A I R G 01, RGER RS0
B, Ol T R RESOE e 2 Hh RSO 2 AL
(EYNAW ES oW P ST UNE R REY 3 i P K
MBREA 20 h 2%, 1 bl RONEE 1 ~4 41
JRRY PRSI s T R MR P A S A B . R
JEREITHEOCHE , 5 EALRSL S, 2o PRSI e %
()RR 5 3y, e S e Rl

—

3

1

>
|

K1 RIEST OGN R
FSpS Z 58 rp A BB B 2 TR A X7 B 06 2R
T =, A0 2 s O P S B IS AE Al —F
T AT O 2 5d Z 5 O [ AE i B RS s @
SR BRIk LA R — - i B3 B, LR & Z )5 77
[ B 180°, (S B B8 5 O SUM B LA TE ) —
i LA 8] B, Ok 2ad 2 )5 07 1) A5 ] B 90°

(a) EL AT (b) ¥4 i 2 B

() etk MR 1T
2 RSB R
3 RFMUBRHOLITESR"

— R AT ATEAT A AR R AR K. R0
B SR 2, B AR A /R R FHER Ak b AR 5 B 5
{26 (HLE B BRI B AR R e — AR S i
SR UL X Al Y R Z i 1 e AN B
MEARAR o I, s = A A O R DL AN LT
(9 = AT 18] AT — SR ] LR = AN R

R IEA G RFIR . AR AR A T W TR
AR o AR AR i AN G R AR R Y AR A
Beo GHBRAZHUR KA RS [ PR A AT
PRl HE . HIST AR R I = 4E T 1 A
PRAEHANT «

(1) EIE-F#%

I 0 0 eqrx X +e x'
0 1.0 fly| [y+f] |V
0 0 1 gfz= z+g z'
0 0 0 11 1 1

BIRAE x,y, 2 Tr1a 0 5B Bl e, f, g0 BE BLAR
PR R A R AE 2y, 2 T35S e, -,

-g.
(2) KL% « fihiei%
1 0 0 07« x x'
0 cos® -—sind Oy ycosf — zsinf y'
0 sind cos® Ol z| ysing + zcosf B z'
0 O 0 1441 1 1

Bl " =x,y" = ycosf — zsinf, z' = ysin@ + zcosf,
LG AT AR AR R AR IR 58 o e ™ - 07 fA
ZIaER

(3) EDIESE v ek
cos§ 0O sinf Ora xcosf + zsinf x'
0 1 0 Oy % y'
-sinf 0 cos® Of z " - xsinf + zcosd ) z'
0 0 o0 141 1 1
Bl x" =xcos@ + zsinf,y’ =¥,z = — xsinf + zcosf,

Bt T R AL R R AR X B 58 y Shiee ™ - 0 f
ZJamEi R,
(4) FIE L = fiekk

cosf —sinf !

x xcosf — ysing x

0 0
0 0
Bl " = xcosf — ysinf,y’ = xsinf + ycosh,z' =z,
St AT AR AL AR AR (R 8 = Biiess ™ - 07 f
ZJaMEiR .
4 ETHIRETRAEEEE
4.1 HFHA#RS
A BRAE HE B BHRFROECE T R AR i
FAS (] AR R AR A 5t R 280 = P EEASO G 1) A2
AR, Al LI 1 A SR AL i . LIEZT

z

0 0
sinf  cos@ O Of vy xsinf + ycos@ y'

1 0= z'

0 1 1

1 1



o5 a4 No.d 2009

SRHAE REOGRHETT AL B 429

THTFA T RG4S T Fr) i ST A

—T—— 3%kt
Bl
Y
Z
I
X
B2
7' Z X' X
\ \ 4 z
\al \l
vl . M| — 7' I\
0 =" M e Y
) P ol B 74 ) P il
S 4 S “ X&b—eY
s S/
/ /
x 7 Tendll v 7~ Tand I

3 RSP ATRE

B3 Frs, @ AbR & T, I, ATV, b 1, 1
AL 247 A AR 7 4 ) i B A B 2R, IV Oy 2 4 A
&R

PABE 2 58 Y BERE 9], A G R it e Y
LR Y B EHERE 0, fms, AebR T o A SR G [m)
RN N [xg ¥ 201, B B2 2 J5 SCAHOCRAE AL R 5
I H gy o AT R0

Loy ¥ 20" =[x yo2] - T+ T, - T, -

cos(6,) 0 —sin(6,)
;H\:EF"TI_|: 0 1 0 , G ]
sin(g,) 0  cos(6,)

LR TS " O | 1 O S <
-1 0 O
Tz—{ 0 -1 0
0 0 1
) RSO ) R 22 () A AR S o Zead
B85 ST A SO TR A b AR IV HR (1 1)
ZVSR
[y iz ] =[x 5 2" ] - T,

AR R AR EE 2 BRI AL

-1 0 0
He, T, ={ 0 —cos(mw/4) sin(w/4) |, Jya) g
0 sin(m/4)  cos(m/4)
M ARAR AR 1 A2 H 30 IV Y 28 Ha i e
LA AR R IV T 22 BRI DL S
E AN B o = arctan (\/x +y%/z] ), AN a 1Y
T M« = arctan (x,/z) Fl & K52 A
a, =arctan (y,/z, ) o & 2N S % 5t L0055 A8
it
[x,y] =[Ixtan(a,),l xtan(a,) ]
Hr Lo bR & T RSB S BRI
() AT DA BT 4 - 258 2 AT 1 BT ARAR &R
L7724 X 1 Y ) i PR i o Fly BF, SEHEY J7 )
FLEARA . YEE 2 A 8L 1 BT AR &R 1 7k Z
PR i 2 I, G T A E , 22 B ERALR

Al

[x,y] =[0,/2 xz]
BT 2 AR TBE | ATARBR AR 1 ARS8 Z [ Y e
6. I, SCH I Iy 1A R RS M 2 AR T
HrARbR R L7 AE 58 X In gl i 0, I LA 1
B, 07 784k, B BN S Bk E RN

[x,y] =[0,l xtan(26,) ]

P 4 FEL S G2t 1 T Th 2 R A5
()T B GRS [ FTPA T 1T TS Seaed
FEAHIE) 2R 1 2451 THESER

Bl
\Z Y N
AN T X
I
S AN
yauE N
% VA
Yz P x w
X,
N
0 Yy’ 0 VA
,://e/ ¥ ,:,{/ z
/ T ./ Tand T
x7 1 and it yd
Bl 4 2 i A
zZ y
1
XN \
7 AN N
AN \
N g2 \
— sy \
e \gi 1
VA
z X v
\ "\ by
\Bl y’ \gl 7!
/
Y )4—7—— A
T 17T / T and TIT
x” Tandll v/ 1and i

BIS ks ol o A
TR a,y, 2 R 2 AR T 1 fEAR
PRA L AT X J7 182 «, Y J7 182y, Z T 1
¥ 236,,0,,6. 70 HIFRED 2 A T8 AERPRAR 1
HhSe X J7 I BeERS 60, ,Y 71 eERS 6, ,Z J5 1 jiek% 6.
k1 BEENITHLER

5 5 x|y z 0, 6, 0.

=

o

x=Ixtan(a,)
y=Ixtan(a,)

S

HBEFHEFAT|0(0] y=/2xz |¥=Ixtan(26,)

x=Ixtan(B,) 0
y=Ixtan(B,)

x=0Xtan(y,)
y=1xtan(y,)

W TH R |0[0 [y = — /2 xz|y=1x1an(26,)

BT [0[0 ]y = — /7 xz|y =1 x1an(26,)




430 ot 5 4 sh

539 &

4.2 Matlab # & {5 &

N T U R TR AR, (i ] Matlab {4
X AR 15 E, 23 50k = AL o i
PO E RS 2Ly, 2 FERE AL 6,,0,,0,, 05 1145
RANE 6 .

=
I
S)
(Y
I
S)

(e) gk s i) 2 AR
% 6 Matlab {5 H.4%5

(9]

% %
COD , FHEEHLEHE A 1 ot 5 0 711152 LA
B 9 S BRy T FTAE. PR LAY P

DA S 32 R854 AR ], 25t hl &
BB 2T R R A SCBRE Rle  ASCER N T A 2
SEPRBE AT AT, {H A 2R A ] S L IR A TSR AL
W2 AT AT AR 22 ) A AR

SE K

[1] TIra M, Egdal L. Manufacture of a three-mirror wide-field
optical system [ J]. Optical Engineering, 1985,24 (2) .
285 -292.

[2] Yang Xiao-fei,Zhang Xiao-hui, Han Chang-yuan. Applica-
tion of Zemax software in alignment of three-mirror off-ax-
is aspherical optical system[ ] ]. Optics and Precision En-
gineering 2004 ,12(3) ;270 - 274. (in Chinese)

[3] He He-hao,Ye Lu,Zhou Xing-yi,et al. Theory and preci-
sion analysis of testing apparatus of parallel depth[]J].
Opto-Electronic Engineering,2007,34 (5):52 - 56. (in
Chinese)

[4] Su Yi,Wan Min. High energy laser system [ M]. Beijing:
National Defense Industry Press,2004. (in Chinese)

[5] Wang Jia-qi. Overall design of optical instruments[ M ].
Changchun ; Changchun Institute of Optics, Fine Mechan-
ics and Physics,2003. (in Chinese)

CEET_RAMMABIIIEZRRBHITSAETEM
G2 S LTS A P L B DO AL R LA & h i T2 2 T T

EERATEA 2 MR & AR ES

HEBUR TR A2 T 2 h E R TR

A 22 5 2 QDU ZRELA1™ b S M A g O IS 270, e BRSOl AR AR ST O R A PR
FoA R FURIp , CELAMEA) G B0 i #6788 B2 1) 22 P 5 - I 20N I AR BE LT A1 B2 2 e g

P4, T 2009 4 10 A 7ERG 5 i 5T

FAEEWEZERRE TRIEFERLIMMARARRLINEZ TR RFFHE

— U SO

- ELANIIALE A W27 0 B P A O 45 5

0 N N Lt WD

- ELANIMIASORAE [ R 22 5 i 7 M RO BRI S I 2308 PP SCE
- ZLANIMFATCE LLAMR S TR R B T RANSEEARBIE ST 5
ELANS YR AR SLAMINARERS 5 ML A A AT

- A PRELAN IS B R A B il B o FH S0 AT 5

- ZLANIMAAIAE A B BRI LLAN R AR SCE AT 5

ELANBR AR A GHARE B BOR B R K A SR K R S 1l 5
- ELAPEE A B PR VSIS, i RIS I S AR SO e 22 KRB 5 ] o

= NAEE SCAEH T AE 2009 4F 8 J] 30 H PR 500 ~ 800 “Fifs S ELAF 2] RIEH TR 56 T
e Bt 25 S 2 HA i (BRI A h - 116023 ), FEARFAE 25 10 I PR AN TR HE | T AR 2R K R 55 HRAR AR B 2
=G R SR VS SR AR R LD AN AR A P A AR ] OERAR) H T2k g
VU U A AL A5 HhE - # N T 13 S5 AR RN a2 2m & CHREL At - 121000) R N : k4, H
i :0416 —2650160,2135100, {5 71 :0416 - 2135100, E-mail : lykjS88@ 163. com,
(EE+ JRLLAMNE L SN R BT 2B 45 4)





