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Time calibration method based on digital zenith camera

Liu Xianyi, Zhang Zhili, Zhou Zhaofa, Zhang Xihui, Yang Shang

(State Key Discipline Laboratory of Armament Launch Theory and Technology, Rocket Force University of Engineering,
Xi'an 710025, China)

Abstract: In order to get accurate time information, the GPS was always used. But GPS can not be used
in outdoors due to the complicated environment. Digital zenith camera is a kind of high-precision
astronomical positioning instrument. The study about time calibration based on digital zenith camera was
rather little. Considering that the orientation result can be influenced by star apparent position and time.
Firstly, the influence of time error and star catalogue on star apparent position was analyzed respectively.
Then, the influence of star apparent position on the orientation result was analyzed. One new method of
time calibration based on digital zenith camera was proposed. The precision of time calibration was 0.025s.
The analysis of experimental data shows that the time calibration method is feasibility.
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Fig.1 Digital zenith camera
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Fig.2 Solution flow diagram of star apparent position

T HEDRE S 50 o3 AT I Rl ER 22X %0 22 L AT (Rl
W2 ROEAT 22RO, I H] R 22X %2 22 R F A7 M
TR AR ZEEA

Aa,=(m+n - sing, - tand,)) At+ p At

Ab,=n-cosaAt+ psAt (1)
XF.omn I RAFREEERBMFLE RS HR m=
4 612.436 2" ,n=2 004.310 9" ; , . ws 53 A 1E 52 ) %
ZAFTMIRE A1T 5 a0, & A PIE R TERRIOTT
ARE G ARES  Ar NI RIRZE(H . R HE R AE4FEN
B EAT/NT 0.1 BT R A R 2540 R B B AT iR
28 %5 FAE B AL E AR R JLF 0] LLZ AT, A

Aa,<(m+n-tand,) - At
Ad,<n- At (2)

Xt I 2)BEAT 73 M Al 1, — o I ) R 22 1 A
IREETRE % 22 M H AT R AME(E A9 22 AL TR 107
R

I ] R 22 fH 2 % R Bl i — E MR ZE(H, & &
BNHOE G B B AL E (o, $) TR

a=a,+A(cose+sing- sina, - tand,)—Ae- tand, - cose,
6=8,+A-sing-cosa,+Ae-sina, 3)
K (o, 8,) NG H ZEM ALT )5 1E 87 85 Ak
W5 e NV B A Ae W BT 58 MFF),
Horh e Ay 5 Ae g IF 1] Y bR KK, 23 Bt AT A 10 [8] 5%
ZEXF T B B MR B A T AN
a,=Ais(cose+sine- sina, - tand,)—Ag, - tand, - cosa,
6,=Ay,- sine- cosa,+Ag, - sina, (4)

T Ay Ae 7350 0 T IR BR 25 (H A1 SR Y g 22

1017007-2



oGk T2

% 10 21

www.irla.cn

% 46 %

SRS A SR E, A
A<1.1"x107°At
Ag<5.88"x107°At (5)
IR 2 (4) L (5) AT R, — ik ] 45 22 3t 18 1Y) 2%
SR 2 1 B S AMEE B B AL B TE 107 i Bl 9 0
U 8 LA B AT A 22 RO AT 28 /b AT LA
BN B AL S A E R AL E AT A
I, 22 B &M T DL Z200g g1 i B R B
frzEx THE R A E TR, Hroitr 28 1%
AT 22 8 H O T 2 AT 22, e
&, KEDE = R Bt 22 il L2 AT, 2
b AR EAT 224 M IS Y TH R A B AR AR N (o, B),
A
a=a,—k[(sinl—e - sinw) - sina,+(cosl—e - cosw)
cose-cosa.]/cosé.
0,=6.—k[(sinl—e - sinw) - cos - sin&+(cosl—e - cosw) -
cose(tane+ cosd.—sine, * sind.)| (6)
APk AT 22 W B w NI SRR 1 R B b O
H % e RIAFI S w03 Horbow (1 M e Y0
FRF 1) F) PRER, DAY
Aay=fw,l,e,t)
Abs=g(w,l, e, 1) (7)
H1 T — 23 b N ] R 22 R 1) w1 K e B2 ALY
BB RILE 107, 345 PTG — 0 Pt a] 158 25 (E
K EAT 22 M AMEE Y 28 A fE S 7E 10~ I B2
ZE b, ph A DR 2E A R Y 1E R LA 4 2
JERIR2ZEME N
Ao=Ac,+Acayt+Aay
A6=Ab6,+Ad,+AS; (8)
WAk LB TR i 2 2E | w gl Ko AT 20
o T A AT B Y 1R 22 (A LT AR [R] 20 ] 1% 25 78
10 min Zc A7 B fH B AL B SRR 22 2N T 10719
Bt 9 R WY I )15 22 (B AE 10 min LA, 1H 2R
(78 1 28 45 B 5 W (B 1) 1 22 2/ T 0,001,
Bl Aa<<0.001",A8<0.001", LI} | B [A] 3% 22 % F 45
R AR O ) S W) B AR AT L) 2
1.2 ERWEEVLEN TS
B R TOUSGE o e e PE AN [R) 1 7 (o b kAT AL I
TR K LI 5 R AR A A AT R IEI U, PR A
PR )i G B 25 32 B R SFRAG BE RS, 38 )
SEPUINE AL R AR bR 2R 5 R IR DY T AL R 2Z 18]

IR OC AR IR S BN Il s A AR i
P 3 B, RAaw, &) FF S 0 3 5 00 i AR g 2K
SCAHEBREL, FF LA i o SR AR R ER YT T R A 33

& 3 G- T Jr 2R ]

Fig.3 Schematic diagram of tangential plane

TR HUAL B AL AR B B R BR YD P b, g sr U T
ML 0—ém, Horp qd8 I RERIEACTT 18], € 48 1) KBk
IEZRTT 1, KER AR R (a, §)FEY)P- i _E A5 AR AR
AR (E, o WA

_ sin(a—ay)
tand - sindy+cosd, - cos( a—ay)

_ tand - cos&,—sind, * cos(a—ay) (9)
tanéd - sindy+cosd,* cos( a—a)

oy U AE A2 A4 K BRI -F- T AL R A CCD R
AR Z ] B OG AR UUAS

&=—a- x+b-y+c,

n=b-x+a-y+c, (10)
K :a,b, 0 WAATRZ R FEARSE x,y JiRBIE
1Y CCD KR AR, T I 25 BN B R 2E %]
TRICGEN SR FEN, f6 R B 24 8 11522
HHN Ao, A8, XA IEATALTT, AT 4 th THE R AL
B YRR IV T AL RIS AE A

A;‘f sin(28,) (.- )

An=Aé+

Aé=Aoa.cosd—Adsindy(a—ay)—Aasindy(6,—8) (11)

1 B A R, — RO B0 T I ] R 22 X T E

SRR B 5 e A T] DL 2 25 A A ) T AL,

P FE R A Y 1R 22 T BN YD T A BRI W A A

5 A FEZFEE R RIS, IR0 E B
DIV BR(E, ') AT AR R O

n'=n+An,
E'=6+A§, (12)
SNBSSy B R

1017007-3



sroh gk TA2

% 10 21

www.irla.cn
—

% 46 %

' =—ax+by+(c+An,)
& =bx+ay+(c,+A&) (13)
RN RN EAFAEBRZENS, 23l R YT 1i Ak
B RS | I 0 sty 507 B 0 V0P T AR AR H
M) R (E+AG, no+Any) . HERTEE R AL E
(TR 25 A — B, BT AT 3 A A 1 22 Ak i S 1
B RRAE " 1 72 A i BEACRH ], 0 st A B ) Ity A
() R SCAB R o AR A, (A8, 2247, TR HEAT R
SCRENLIT SR FH B9 JEAK B4 B 5% (Hipparcos) , KL
BRPAERAE | AT 2255 RS BE 43 S R K
£ 0.0017,0.001"/y ,0.001" , F1 AR L2 B R RS
By, T LUTE B LA 5 2 0 T R B R 4
/N o FRWITEIE P R TGHAT € AL, Bk B 56Ky
B R AR R AE A, MR [ 5% 5 R AR DG
I, Je T AR T I RIRR S T

2 BHEREMITTIE

3 3 B0 R TGS ISl s AT R SCRE T, 5 AT
(AR ARE R R SCR A . RISCH BN B2 5
BR A 52 Wt R A MR TR ],

¢d=a—GAST

A=5 (14)
K (o, 8) Ry 3 S 00 R TOUAS AR B 00 s i o7 1Y)
A5 IREG GAST Mg et B, @it Pl E
MESHE ST, BRI ER2ZE(EAE 10 min DAIAT,
DU 3l A5 A7 T R A B 2 4 R ) AR Ak BN T
0.001", JL-T- ] LAZBEANTE o AR 003 o7 8 (14 SR SC Al
FrBiR2E FEER { TSR AL 2L 5 R i 22,
AT L TE S AR AR JE A AR L P G158 22 St 1) A T A o

XA PR JE I 1H L S R AT AR 1 S T AR A
JEI6 -6 B i GMST ;

GMST=24 110.548 4+8 640 184.812T+0.093 1047*—
6.2x10T*+r+ UT1

r=1.002 737 909 0+5.900 6x10™"7=5.9x1075T* (15)
SR I 5 [E1] P9 A% AR VA UAE AL BT GAST
GAST=GMST+Ayrcosg,+0.002 64" sin 2+

0.000 063"sin(242) (16)

A QS HSEEE TS B2 T S M J2000.0

Y G s T 20 4
XFAR(15) | (16)i#F 4T Ak 1] AT 45 i T B[] 25 Ak 2l

K R0 35t AT ) R SC R B AR RAE A
Ad=d—p=15.082 13" - At (17)

I 5 A7 1) R S B 11 5 2 {H T R IR
TR AR B 1R 22

Uk A5 407 B R SC 28 5 B A AR (b, Ao) L T 1S
L X B R T HEAT 2RI 1, 388 35 5507 R AL
PEATSENL, HEAT Ak S5 B0 D0 8k 551 R S 2 445 B A b
(b, Mo ST HIWILG I E] £, 78 10 min 158 25 {8 DL A
F, AT RIAS R iR 22 E Ok { AR AR R IR I E 2
B, B DA

)
Ar= 15.082 13 (18)
A2A .
t=t,+ At (19)

BT R A ¢ 5 E A IR EHE KT
10 min i}, f8 R0 B 03380 22 FAK 2 36 I IE
BRI 233 78 (45 R i s e, (AR RS TR L
BT8R & E AR 2R IR . IE R AR R 2
HEAT iz B 3045 20 R 4 I ) b a2 AL

3 3 A T 2RI R A ARG 5 R
A7 A R AR R RS R TOUASL ) ik SN 2 BB A G
1 BT RIS E RS BE RBAZ TR 5] 0.17, 2 45 7 1)
DU sl A7 B A B ARG BE A R ] 5 — b o
(APp=<0.3",AA<0.3"), FRAXTTH[a] (bR RE ARG
FEAE 0.025 s, PEH B A s T (40 SR 4 v, T A 2
Y R 22 B R A 7 X T I ALK B A R,

3 SLIREES T

S0 sk AR R BT R A A 3 Fa R /Ny
3°x3°  FEIE{E 4 6004 mm , CCD 148 #s 20 5 7E 5t
N7 E R R S, P —
FEEE) . CCD % H KAF-16803 4> I I K5 15 % 8%
XA 1) L A, B TR AR, T AR AN [ B ]
TR ZE X H B AL E TGS R B S5 RN SR 1 3R 2
Fiimm

MF 1 3R 2 S E b B A R AT LA i)
[ 58 2 2 X 1E 2 A7 i A s B A — R
BRI, 2 ] 22 (A 7E 10 min DL B fH 2 L0
BT ERZEE/NT 107 RS, e 20
DL B2 TR IR2Z N T 107 1 BUR SR,

1017007-4



oGk T2

% 10

www.irla.cn

% 46 %

R 1MEREXMNEEZEITENZMA0)

Tab.1 Influence of time error on star longitude

N Influence of different time intervals on longtitude/min
um-

ber 4 6 8 10 12 14

1 0.358 0.665 0.819 1.05 1.13 1.20

2 0.361 0.669 0.823 1.054 1.13 1.21

3 0.374 0.691 0.849 1.09 1.17 1.25

4 0.376 0.694 0.852 1.09 1.17 1.25

5 0.332 0.620 0.764 0.981 1.05 1.12

*2 HERENIEESGEITERFNE(107)

Tab.2 Influence of time error on star latitude

Influence of different time intervals on longtitude/min

Num-

ber
4 6 8 10 12 14

1 -0.087 -0.437 -0.787 -1.13 -1.83 -2.18
2 -0.105 -0.463 -0.821 -1.17 -1.89 -2.25
3 -0.104 -0.461 -0.819 -1.17 -1.89 -2.24
4 -0.080 -0.425 -0.771 -1.11 -1.81 -2.15
5 -0.219 -0.635 -1.050 -1.46 -2.29 -2.71
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Tab.3 Time data

Number Calibration time/s GPS time/s
1 2.3312 2.3112
2 12.531 1 12.519 1
3 8.2314 8.244.4
4 11.921 3 11.901 3
5 3.145 2 3.153 2
6 7.2386 7.226 6
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