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& ?f 1, TWTT between satellites and stations

m Time synchronization of satellite clocks is the base
of satellite navigation

m The main errors of satellite time synchronization
are caused by time transfer and satellite clock
prediction

m The prediction error of aclock Is determined

mainly by its frequency instability




%5
g

‘ﬁ 1. TWTT between satellites and stations

m Two Way Time Transfer is used qﬂ
in BeiDou system ) wtr

m The uncertanty of clock difference .
usually consists of random noises 08
( type A) and a system bias( type B) B

B The uncertainty of type A is less {)Q(lﬁ),
than 0.3ns, and that of type B is & {)é(t;%)’t;}

less than 1.5ns at present | | ;r
~]
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( ﬁ; 2. Evaluation of Satellite Clock Stability

» The measurement errors and relativistic effects must
be taken into account in satellite clock stability

evaluation
» The following time model is used in BeiDou satellite clock

prediction and its perfomance evaluation
X(t) =T(t)—BDT(t)
=g +a(t—t)+a, (t—t) +&0)+A7

At = -2\ uaesinE /C% = ~2X ')_.(s / c*

grav




Evaluation of Satellite Clock Stability

Residual of IGSO-2 Satellite from 13-Jan-2012 To 31-Mar-2012

| | | |
Frequency accuracy: 1.06e-11 &

Freqiuency driil‘t: —2.35'5:;14 |
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Evaluation of Satellite Clock Stability

Residual of GEO-} Satellite from 1-Jan-2012 To 21-Feb-2012
T T
Frequendy accuracy: :1.65e-11

Frequency drift: -1.57e-13
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Evaluation of Satellite Clock Stability

Residual of GEO-4 Satellite from 15-Jan-2012 To 14-Feb-2012

Frequency accuracy: 1.28et11
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Evaluation of Satellite Clock Stability

GEOQ-3 Satellite from 1-Jan-2012 To 21-Jan-2012
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(7 2- Evaluation of Satellite Clock Stability

(1)
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2.8815e-013 ]
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8.2514e-014
4.8871e-014
3.2475e-014]

2.5549e-014
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Frequency stability of satellite clocks

j 2 Evaluation of Satellite Clock Stability

Stability
(10000s)

7.31E-14

5.52E-14

7.58E-14

9.17E-14

8.13E-14

Stability
(1day)

6.71E-14
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4.45e-14
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‘é 3. Satellite clock performance in orbit

Clock day stabilities in orbit and in ground vacuum pots
I ! ! ! I —in orbit
.| ——in ground vacuum
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‘& 4. Time offset between GPS and Beidou

The time offset between BDT and GPST s
monitored by a GPS multi-channel dual

frequency receiver with reference signal of
BDT " ”
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‘& 4. Time offset between GPS and Beidou

Std=9..5ns |-
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(7 5. Summary

a) The type A uncertainty of TWTT between satellites
and stations Is less than 0.3ns, and type B Is less than

1.5ns at present.

b) The frequency stability of BeiDou satellite clocks in

orbit 1Is about
3.8X1014~9.2X 101 @10000s
2.2X10%~7.4X10% @1lday




5. Summary

c) The performance of BeiDou satellite clocks in
orbit is a little better than in the ground

vacuum pots.

d) The time offset between GPS and BelDou is less
than 100ns, and the frequency offset is about

le-14 Iin last month.







