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RC telescope alignment based on out-of-focus stellar image
SUN Jing-wei'”, CHEN Tao', WANG Jian-li' , ZHANG Jin-kai'*’
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Abstract: In order to realize the alignment of large aperture telescopes, the RC telescope alignment
techniques were investigated based on the image processing and analysis of out-of-focus stellar images.
Firstly, the relationship between the disalignment comas due to decentered or tilted errors and the
centers of contour circle was analyzed according to transversal aberration. The decrease of ellipse ec-
centricity with the increase of major axis length caused by residual astigmatism were investigated after
removing the coma. Then, the dependence of spherical aberration caused by longitudinal errors on the
least circle radius of defocused stellar image was analyzed. Finally, the analysis above was verified by
the emulation of Zemax modeling and how to use the out-of-focus stellar image to guide the alignment
process and how to process the image were discussed. Experimental results indicate that both the lat-

eral and longitudinal errors are well consistent with the theoretically analyzed results. The precision
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errors of coma and astigmatism adjusted respectively by tilt and eccentricity are both less than 5%.

Key words: alignment; RC telescope; defocused stellar image; coma; astigmatism; spherical aberration
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Fig. 1 Simulated out-of-focus stellar image by Zemax and edge graph drawn by Matlab (C:fixed, D:increased )
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Fig. 2 Simulated out-of-focus stellar image by Zemax and edge graph drawn by Matlab(A :fixed,D:decreased )

RGP R BE A+D K D,
A AR AW DB 106 15 i 35328 17 s

N

_VJAFDY—D*_JA+2AD _/1+2D/A
B A+D A+D 1+D/A

9
AR 8 O O 2 1 22 AL A W] DAAS A AR Y
Koo AR BRI B, URE 43 B A0 18] A K R 1 Ll
{E BPASRAFARH X R KA T A AR B 43 B
AR, FNE 2 A3 Mk R AL i B Zemax
75 1A i o0 28 R I R I R AR S T A
2R, T 0 S PR R R g AR R A R OC T R K B K
JEE R o S 1R AR DV 56 2R B8 AR 0 P I IR iR 25
PR R B T AE 2, Rk %
B2 TS . SH SCRLI3 ] e TR E 2 8
R B W TS A

_ (m+ 1R,
[(n+1)—(K.—D)(m—1 ]’

TR E LU i 1 e L Y L
LT3 1 AT AT BR AR . e T =% 0 vk L RE
T R 1R T 2 0B i o0 5 50 A 2B R T T el 32
B JER S A LA ot i 7 Al S EOHLAR Z A AL T 45 I
PR 77 A AR AR AR T 4 HROR i O 38 18 7 T 7+
I R A B T7 B3 o )R B L T PR L A
AR I T R O™ AR Y A

B b ri oM, IS8 % 5 22 00 o eSS @, sy
T 2 5% oy 77 AL B WA D7 1] (9 B0 ) 0

L

(10

J(Wasl)cth =B, (> —a’)
W ws=2B.aa,
Horb B, b & ge vk e 1Y 50 HOR 5T 2 R 3
BRL12 . RO/ ATy 1) W 5E S o B AT Aff 2 Jig
ML ao
2.3 BEBEGARKE
T T 4 2 ) 2 AR HORR 2 OC T IR B A N T
T A R ] A7 R 2 S B T S B R R S R
H1 T 32 U ) B 1% 22 R B R 8 2 I g A AR
5. T ELAR ST AT Qo e] g % BR 2% AT B8 AR AME DL
S RE F2 U A 1) B 5% 22 10 D B0 K 7 ¥
A R R ZEN TR (DA,
Wz, ) =S+ )+ D>+ ") . (12)
LG I R 1) 45 22 728 O
[ TA.=—2Rpcos 028y +D)
| TA, =—2Rpsin 0(2S5°+D) .
25 13 AT AR AR 22 R OC R
TA2+TA?=[2Ro(2Sp' +D)]*,  (14)
BG4 R 2Rp(2Sp" + D)W

_3(1—&YH)
S (15)

Bl 3 i A 624 R G A7 A8 BR 22 T 40 ool g £
SR E/NE B RB B R
B A A RN 2 (14) 7T 15 2 e /N R Y
ERMBRZEW R R
R[mm = RP( 4(02 -

, an

(13

D=

3(1—e")
1—¢?

AP S 2 de /N B B 2 A A bl AR 4 FE IR BE A 1] 3%

)S (16)



K% T

519 &

732 b=
/
-
Least
circle
Paraxial
Focus

Bl 3 EREAE R

Fig. 3 Spherical aberration and defocus

25 FEUNERZERGE - HAT IE FE SR L ilen] DL i
FEEAR (BT R BRZE(H . S OCEIR[13 il 15
VAW

S

_ (m+1)[2m(m*l)(F*n)—Fl]AZ
256AF°F,(F—p) ’

a7
Hh FRAGER.F, b EHELK.9=0/D, N
JEREREA B B AR L. O R G E G ik
Koo BT RABRZE 5 901 o0 22 R AR R IE LR &R . 25
A6 A CLT) R AT Fe /N B~ AR A h R 58
B ORI T AR ) B A 1) R 22 R E L HLRNZ DR 22
WM SC R . T I E IR R G RRERZE
EEESNIR 25

3 A HAERATA

3.1 EF Zemax N EZEEMHE

X RC N5 1T Zemax fij 5. 43 HT R
AR 2 B2 BREMIKE S R BZ W C
W] BB BT, B HEAT BT B R G
BLHOGH RAESHCON F£ =7 7. & KA WY
il 17,67 HE¥ B RS L 1.

F1 RCREZEHNXESH
Tab.1 Optical parameters of RC telescope
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Tab.2 Experimental results

Tilt Distance ~ Major length
Eccentricity

/(%) /mm /pm
0.25 0.591 1 43 0.7312
0.5 1.041 9 55 0.691 8
0.75 1.573 9 67 0.648 6
1 1.810 3 79 0.608 3
1. 25 2.416 3 91 0.558 4
1.5 2.889 1 103 0.526 7
1.75 3.236 4 115 0.485 4
2 3.894 0 127 0.465 7
2.25 4,263 5 140 0.429 7
2.5 5.002 4 152 0.410 0
2.75 5.2537 164 0.388 9
3 5.874 3
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