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Star image filling based on stellar image point trajectory
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Abstract: Digital zenith camera is an astronomical instrument which is used to locate by taking star im-
ages. When taking a star image, there are star points missing in the star image due to external factors
such as clouds, and the accuracy of positioning will be affected directly. In order to improve the prac-
ticability of the instrument and its adaptability to the environment, the stellar image point trajectory is
derived and a star image filling method based on stellar image point trajectory is proposed. This meth-
od constructs a [illing model between the missing star image and the adjacent two star images. The ex-
perimental data shows that the method can better fill the star image. The positioning error calculated
by the [illed star image is less than 0. 001". The positioning accuracy remains unchanged.
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Fig. 1 Digital zenith camera
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Fig. 2 Work process of digital zenith camera
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Fig. 3 Image coordinate system
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Fig. 4 Image coordinate system after rotating

1 0 0

(—x0s — 3]0 cos¢ sing

0 —sing@ cos ¢
Tfﬁédt/ﬁ/% O_Ipuypquﬁé?iﬁlﬁgiﬁﬁm%(xpw
ypﬂv_f>o Eﬁﬂ:‘fﬁﬁaﬁ?%%f@ﬂ‘ﬂﬁiﬁsﬁ'ﬁﬂ

o

cos 0 0

sin 0

Fefe BRI R AR (2 y DB R o2y
ypo LA

x = x'cos (A+ @) + y'sin (A+ @)

v = ycos (A+ @) — a'sin (A+¢). (2)

1o LAY L TR i AR L T e i AE A AR TR R
AR Caey y) 5 ERE 5 1H B AR S EUR AR R (2 y)D 2
) YOG 28 SCA TR i Y 2o A v, o Bkt 7R BE A7
FI G FVEG B 0= 15", ¢ 205 048 5 IR 2 1] s ]
W4 Fof [ B R 41k T4 O ] 2 ) 14 B ] 1] o
FAEE XL 0 /] LAAE /N Ff B AL B SO 78 4T 4k
2 VRIS i Aub b AL ) A BE (RN o 0 BT T A
PRR o an y FHFRR o x,0 y,0 Z 6] AT HEAT e 4% AR
e X BT Y AR AR Z [ I S, SR «
Wik o M. Z IR 58 y WERS 0 . TSR « Bl e 5%
—offi. HERCADMNARER fNR. 1AL
RoxyP . BEXREFTNHN (2, y,— I
REFEHEIRFR o xp0 y,0 WA

—sin 0] |1 0 0
1 0 0 cos @ —sin ¢|. (3
cos 0 J 10 sing cos o
MAFATIE.
iGN A .

x,cos 0+ yosin gsin 0 — fcos gsin 0 -

— aysin Osin @+ y, (cos” ¢+ sin’ <pcoip 0) + f(sin gcos ¢— sin gcos geos )
—/ : .7 : )
— xpsin Ocos @+ vy, (sin gcos geos 0— sin ¢cos @) — f(sin® @+ cos” ¢cos )
X (DO AT R TS . Yo = y— afsin ¢ (5)
Ty = x+ y0sin ¢— fOcos ¢ Bear (D, A @2) ) 15 .
x" = x(cos ¢+ Osin gsin ¢) — y(sin ¢ — Osin gcos @) — fOcos gecos (A+ @)
vy = y(cos ¢+ fsin ¢sin @) + x(sin ¢— Osin gcos ¢) — fOcos gsin (A4 ¢). (6)

A C6) RIE 2 AR il 8 2 AR S Bl 5
BEE I o7 Tifiifg ALDNsh I 4 ¢ FIBER A
Wm0 MIBE AR . 2 DNl R I R K A
JE ¢ it 3o A8 A 14 42 ol 2R S T LAV A AR AR L O L A
A K st KL B 4 o AR RE AR ML Bk H 5 A
0381k GPS M RENGHH AT . Rl
FEORBETRAMBREEGRZE  ZIREFERZHE
VE R W A R 3 BURE R PR IR 22RO R
ik R ITAR L,

3 EAEMANT &

A 6) W fE RGP B R TE AT A R TR
I 7 AL A RIS A @ SRR, A I,
T8 X2 C6) HEAT XS 3 A, RDRE B AR S L
R A
= ar—by+ ¢
v =br+tay+t e, (7



1232 e K TR

527 &

Ha, byoy o AR (6) B E 28
a=cos @1 0sin ¢sin @, b=sin ¢— Osin ¢cos o,
¢ = flcos ¢cos (A+ ¢) + Ax, o = flcos ¢sin
(At @+ Ay, T a0 PAE T HAESRIGR2ZE
R R 22

o 5 BN R e T SR 3 L S A O R
FEPEIRRSB PR AL 1R . 1 Se X ol 2k L 12 X R 408 T s
fE R P o) AT B TR R, o o U Y R AR
B A3 P B ol S 4] 55 A SR T A (T 22 1) AH [+ A
ER A DO ] Rp Y S I S e L S

(8)

W ) IR S HE as by ¢y 0 X
A LA B B AR I . R AR AR R P A
105 B R AR AR (e, o y ) 0 A BT B AR GTBLIE
fift Bz AR B B K P i AR AR AR, S SRS 1Y
2 PR A B AR A S O B L 2 2L s T AR S e Ok
R R AT AR
| ax, — by. 4+ ¢ |<h
| ay. + bx, + o | < h
h & CCD BRI L K BB =M. K
P L RS T B e AR I ph A IS ) T A R
AR figp 545 2R vP AE A A AR TR] AR R R i e R
SR AR AR AT 24 Ak B B0 AT g SEOAME A
KER AL B3

(9

4 RIEHIE M

TR I o 7 R A B R TR 3 RN Ry
3°X 3°, R 600 mm, CCD % Hl KAF-16
803 4 i i MG A% Sk 4%, 43 HE 22l 4 096 X 1 096,
BERN9 pm X9 pm, KA TR B
L L Bk BEE 5 R .

K5 EHA
.5

Star image

Fig

N T S8 E 1 o R L R A R PR SRR A I A
PES AAT P BEAL 1E £ 14 22 40 5% A9 — IR 1B W 2 1K
Ve IR B . 200 % =i B P BEAT R . Bl
WO 215 2 e 2 RTS8 e L ) SR B A S e 2k B2
A5 2 MR P TR Rt =R 1 R

F1 AANNESBIE

Tab.1 Identified star data
e [EPES =Y R
CCD a/pixel  CCD y/pixel — RICLNE/(C)  RIXGE/(O) BRFS
275 B LASINM TR 50 A 4019. 80 2 025. 90 110. 835 34 35.257 49 54 581
3 111.63 1183.71 110.514 54 34,225 41 54 491
3299. 50 1 635.97 110. 422 43 34. 639 67 54 460
2 788.52 795. 81 110. 452 15 33.794 31 54 471
3062.27 2 463.78 109. 739 21 35.124 50 54 239
3 153.20 1 905.53 110. 140 36 34.765 54 54 369
3656. 11 1 669.41 110. 716 83 34. 830 35 54 548
1 398. 92 288. 57 109. 541 49 32.774 84 54 183
1383.51 498, 30 109. 409 98 32.917 89 54 134
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Tab.1 Identified star data
. (ER=¥= P B REE
CCD a/pixel  CCD y/pixel ~ RICZE/(C) RIXLAE/) REFS

I Y Bk R 150. 83 2 797.99 107. 026 49 33.958 13 53 377

1337.61 3622.10 107. 554 04 35.121 70 53 525

57.70 3 000. 04 106. 827 51 34,054 67 53 305

237.96 2 749.96 107.128 70 33.967 08 53 404

1524.57 2 461,49 108. 401 36 34,388 43 53 801

459. 30 1571.10 108. 008 01 33.240 04 53 673

2 235.55 1 .827.56 109. 384 69 34,275 88 54 119

2 078.56 1751.05 109. 292 42 34.146 25 54 086

2 496. 93 2 390.93 109. 286 15 34.803 92 54 084
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Fig. 6 Distribution of star point
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Tab.2 Same stars
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v/ pixel
1571.10

x/pixel
459. 30

v/ pixel
2 625.92

x/ pixel
656. 140

—_

53 673

2 2725.06 3459.89 1337.61 3622.10

(2]
w
w
(S
(2]

3 1379.95 3921.46 57.70 3 000.04 53 305

4 553.480 1213.63 1383.51 498.30 54 134

5  416.50 1054.50 1398.92 288.57 54 183

6 2038.88 2505.44 1524.57 2461.49 53 801

7 1303.32 3712.89 150.83 2797.99 53 377

8§ 1758.85 433.04 2788.52 795.81 54471

9 2261.06 479.98 3111.63 1183.71 54 491

10 3 129.91 1422.24 3062.27 2 463.78 54 239

11 2 713.14 668.03 3299.50 1635.97 54 460

12 1929.76 1611.21 2078.56 1751.05 54 086

13 2 095.31 1554.48 2 235. 1827.56 54 119

55

14 2 800.35 962.43 3153.20 1905.53 54 369

15 2989.66 440.33 3 656.11 1669.41 54 548
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