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YERL. sk, BN A E AR 22 Tk TAETTRE T RS Ak, 38 A/ E B 4L,
Un [§ 41 2% 2 Breakiron S A 2% [& T 4 7 (¥ 8 PRy £ =61, 12 R B m R I 11y 20k 22
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B 2 TR B 0T 9T AR T REAT e AN BRI iz, BRI, A SCEE RN BDS/GPS B A
b 22 TS AR ASE R HEAT T IR AN ST, AR 24 B — A (2 T Y (QR) AR (LB
R(GM). I [a] Fe AR (ARMA) FI) ™ SR 28 9 28 B R (GRNN) ) (R 64l |, ST T
2 B A L (OM) AV IE 28 B2 A B8 (Modified CM), 2845 0 T — 2 73 W
a5

2 PPETRIRE

2.1 ZHHEE(QR)
T 22 0 2 RS AY T AR LAY, 2B B DL A i 22 I U . AL
P20 2 T 0 ), I H A Dy

ts
T =ag+ boAt + 0.5 coAt* + [ f(t)dt, (1)
to

L, At =t — to, to N DEBNIZFIZ, o Rt 2000 B ZWNAE, aon bon ol
PhERR A, 583 DR B P EREYE, 3NS50 It N () 8 B 22 (RHAL ) ekt (4
) PR (HER); fti J ()t BT AR R B 22 15 R 1R — A A L b 22
AT G TR AL M . XT-GNSS (Global navigation satellite system)_
AN ZE TR 5, 1 B R R2B BE 7 4 73 73] Y ] T GPSHIGLONASS R GE i) 4k A2
SN b ZE AR TP, 2 R B AN [ J i 0 AR AR e M MBI R, — RO 0 B T
Bh(Cs) B K H 1R 2 B3R AT 404 TR, 4 B (Rb) B SR FH 20K 2 10 AT 90L& Tl

7-2



59 1 A% BDS/GPSAL R 1Pl R o 22 PR LI 52 144

Hp12-13]

2.2 REIRE(GM)
WA ZEFF I A2 = {201),202),- - 2O k), , 2O (n)}, &FHIESR, X
W RS R {x, ) (¢ = 1,2, n), &— IR BINAE RSB (TRIARAGO) T £33 — 4~

JBF Az = {20 (1),2D(2),- -, 2D (k), - 2D (n)}, Hrha®W (k) = ix(o)(i%k’ =
=1
1,2, n, XHPIESII TR A

dzM
de

t+az® =u, (2)
Hrb, av w WA SHL

TESEBR VR e DUAAT P (EL P339 AL RRE A1 1 53 ) 25 AR B0 Rt e kg () e 3
T R ARG U VRS S prp

Y = Bg, (3)
A - -
f [z (1) + 2V (2)] 1 —xO(Z)—
B=| 2 [””'(1)(2? +206) 1 LY = xo:(3) , B= H : (4)
—% [z (n — 1) + 20 (n)] 1_ _mo(n)_

HRLAR R/ — S S T SR A M B0 1

B8=(B"B)"'B'Y. (5)
FE AT 42 (1) = 2O (1), 3o 5 FE g -
gM(t4+1) = [mo(l) - g} exp (—at) + % . (6)
R R ad S, T JRR R )
2Ot +1) = [1 — exp (a)] exp (—at) [:&(1) - ﬂ exp (—at) . (7)

IR AR LR 2 /D R 1 A (4 LA E (R0 AR ) sl m DA S A R R AT TR 1%
TIIIAE s gD T AR P s B 0T HLR v 1 AR, SR R R I EZ T
A H A R AR e T TR
2.3 FEFFIEE(ARMA)

ARMA (Autoregressive Integrated Moving Average)f B 2 2l & 1 H [A] )4 A5 4
(Autoregressive, AR)FI7E z°F- 31578 (Moving Average, MA) f—F &4 7 7y 114 -191,
ARMAR AL H 2y ik AN -

Ty = Q1% + Qoo+ -+ Ty +ap — 01041 — bray_o - — Ogar—g,  (8)

7-3



59 & AN S 2 13

KA, pv N IEREEL, 43 0 B B A B RN BB o1, 02,0 5 o AR
WSHE A FEH R 601,00, -, 0, 0B S 5E0 3073 REG a b AR A1, o000
TR IES. FIEAE T

2.4 | X[EFHZMEZEE(GRNN)
] A A 28 ) 2% (Generalized Regression Neural Network, GRNN) 45 #4) i A74)2
YU, B N2 BEaZ, SRAZ A 200170 X KA X = {21, 22,
st HEHONY = {y,ye, - k)T iﬁJ)\}:?‘ﬁﬂ%EE’J’ﬁIE£T%7H—2|§EP¢HJ)\VJ
N 4ER, HER N ) 2 4 45%:—&):' FEE M IO H N 22 I FEAR AL Hn, i
JEME TR RN

i=1,2--,n, 9)

(X - X)"(X - Xi)] ’

i =€ -
e [

A, X B NS, X SRR ZE TOXT IR 5 STREA xR 7.
SRR A AL P P Ak S B 20 T SN — b DAy xS 52 2 o ) i 1 A T 0K
A, FBUR 5 B TCRIEREBUE A 1, 18 R O :

Sp = Zpi' (10)
i=1

FEVH B2y 0] I A 202 B A 22 ST HEAT AU SRORT, B2 oh B fil 2 e 5 5K
%ﬂ): EP%]/I\ I35 SR8 2 0] B SRR h S50 i AR Y TP 2R A B 3R, AR iR
Hh: .
SN7:Zyszu ]:17277k7 (11)
=1
Forb, g R R AEARY R 2R AN 0 R,
B 4 T2 R PR e 2 O AT ST AS v i 1) AR R, AR TR SRORZ R A
HHARER, FHZE T 5 R am ek A 145 2R

.7j:1727"'7k' (12)

?JJZS

2.5 {HEHERA
2.5.1 ZSHAH ARERY
AR E R IO A 1K 5 R4 2 Fh i — BORAG B (0 B0 B 22 4. 1% 0512
T2 8 AN TR TR — 52 (R, BSOS (A~ Y8 R 4 I i 45 SR, e AU i
SE AT, BT N B TR | U2 A AR i e ik kg 1182001,

I
Xi(t) =Y wiXy(t), i=1,2,--,I,t=12-- N

I
i=1

7-4



59 1 A% BDS/GPSAL R 1Pl R o 22 PR LI 52 144

A, X () W PEALE B w kSN TSR R X () b S A TS B [ 25 5 ¢
Z LR A

R BUTEALR AT AN, IBCT-SEIE AT B A 2 FOE S, e 22 8L e
PRI, AN HA IRk, FOERU b

WAH AR FHIX = (2(1),2(2), -, 2(n)), Wi P —BRAG B 850751
KX, FFRIORIEIF I Re; = X — X, WK IR ZE B AU T B %02, sk By

TRIER 2 s KB - .

7 .
9 1

DI
i o2

=1

wj = (14)

2.5.2 EIEZL A A TR

TEBEAT B0 22 I3 N TR I FE b, ] DL B AT S A 5 v L s R v, R LR
R FE A — e b DR SRAEREAT 22 I B S i iy, m] DA% 18 A5 70 [g sk s B 1 i
R B RAE I AT AL S AUE, SCGE UK EERLE RS e AU AN v Sk, S8 I an R
TR A B — TR AR I 43 BT 3 S 2 I B, IR SL R & Rk AT Rt Al . 7EREAT
SN BTN, AT ARG B R (KT — 1NN B TR R 228, i ] DA ST
IR B AE B — ISR B TR ZE P 51 N e, (0 — 1), XN 34 i 2282 (i — 1).
Xof T L RS A B 6 I B 2 ST RCA] s Xk 118201

1

ki 182(i — 1) + ki_982(i — 2) + - - - + ko82(2)

3P, E2(n) A2 0] N B Iy B R PR 0 22 TP A0 (R 280 7 1R 22, Koy, it SNt BLE2 (n) HiF 1) 2R 4L,
Fn AE IR 5 AT R 25 R E0E s AR S R 0%, i S dls s m JrU ) ARS8 R 0L T A% R
FIBEBEREE, Bk = 1, ko = 4, ko = 5, JNHIEE B PR N 2 BT AU K.
B RS AR IS B PRI — AN I Bt A 5 22 ALK, 27 S BOR XIS 26 2 I8 BTt
NG BEI— PO RALTEFR. L5675 T4l G50 22 FITIUHR5E 22000 1 117 I B 4% R — B AU 1 52
Wi 45 & AL, Fnwdor, e Cah 8-20,
w; P;

=7
5 Wi P
m=1

MR (16) A3 245 B — BRI 1AL, #RAT(13) X7 L B AT 453 248 1 28 S AL 4L 545
R TR 45 R

3 WEHh

T 00 B VR T O A TR 0 E A B AR ST O 3R 4R 12015-11-23 - 2015-
12-06FL14 A 1% 220K 85 B 22 B0, SR P AR B — A5 BRI2h 4 45 485 700 g 47 A 30 22
it

H 1T, BDSRGAEHISAT I DRI ITE R 5 H38, Serh A28 TR S IO A
(b 2= e VR B s, TR 543 5 Co4 (GEO Rb). €07 (IGSO Rb). C14 (MEO

P = (15)

; (16)

nw;

7-5



59 & AN S 2 13

Rb). GPSRGAEHISAT I LI DR BNIEA 93 638, AEE rh 2 UL TR 10 b 22 it
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Fig.1 Data sequence diagram of satellite clock difference (2015-11-23—2015-12-06)
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Fig.2 RMS statistics of fitting (left) and prediction (right) of the QR model

F 1 QRAEREMISFIFMRAIRMSEFHELIT
Table 1 The average RMS statistics of fitting and prediction of the QR model

Satellite Co4 cor Cl4 G04 GO09 G16 G31 G271 G24

Fitting error/ns 0.61 0.73 0.15 0.78 330 036 036 015 1.49
Prediction error/ns 13.49 16.01 14.65 6.65 7.46 2.06 2.06 121 5.50

AR 240 QRIS & 45 3, 7T LA HG09 (Block ITA Cs)HIG24 (Block ITF
Cs)'5 PESEGR IR ZR R, R TR MG TT Rz WA Fb g, B4 B TR
SRR Ge vk 2 AR, 0T AR TR IR Bl 22 7 31, QRASEZY (1 0000 45 L 22 S 80K
G27 (Block IIF Rb) [ B 2 A~ LR RO B2 1)~ 340 74 301,21 ns. A I QR
X BDS L B AT R TR, HP- B FUROR BEAE14 ns i, SMATIHRZCR ¥ 7 T-GPS I
AL,
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3.1.2 KO HT (GM)

XSO ARl ST R (R St 2 PR ELE109R 1 AL RITIR A 7 i 22, 48t
gE R W3R, AR 5 0K S T (R L0 VR 8L 2 R0 IR 19 34 0 i 2 BT 344, 159 314
g RN 2R.

6 160
5 - C04 140 - C04
co7 120 Co7
4 -+ Cl4 -+ Cl14
z -+ G04 é’ 100 -+ G04
a3 —+G09 v 80 -+ G09
> ~Gl6 2 ~-Gl6
2 ~+G31 60 ~+G31
M e Gt " o
1 G24 20 G24
o o Lty
12345678910 12345678910
Times of fitting Times of prediction

K3 GMEEARA AR RMSHES

Fig.3 RMS statistics of fitting and prediction of the GM model

%2 GMEREYSFIFHRAHRMSEFHES T
Table 2 The average RMS statistics of fitting and prediction of the GM model

Satellite Co4 co7 Cl4 G04 GO09 Gl16 G31 G271 G24

Fitting error/ns 427 075 089 095 330 034 030 022 1.48
Prediction error/ns  73.00 13.80 15.10 340 750 1.00 1.10 1.00 5.30

FT &I 3 293 A1 R A6, % T 22 A8 A AN RS 1 3 41 (W1 Co4'5 T AL ), GMUBSEZRY T
R dFORE R 2, P 3 TR AR 22 f KT 73 ns. 1% T GPS P AL B, GMEEA G 16
(Block IIR Rb) A BIEATI4E4E 2 AN 5 H TR, TR FE AP AEL nsBL R . RUATH
WBCRBDS A #i¥4 7 T GPS LA .

3.1.3 IR FPAIRAY 34T (ARMA)

B 72 P 50— RS B B R AT, AR ERR T A, A I 1K 4 R T VE R
AT PR AL 2], 15 R FH 2 A B0 1245 75 125 (DDS) i L ARMARL Y /1 5 ARIMA (p,
d, B, Hrhd = 1200,

ik 2 DR IESE100K1 dFIHLE RITIR IS 7 1R 22, 45 RAnEAFT R, SRIG20 1E %
FTR (L0 H A R FIR (K35 77 i 22 O3, A3 21400 45 R 3R,

% 3 ARMARES TR RMSE I EL T
Table 3 The average RMS statistics of fitting and prediction of the ARMA model

Satellite Co04 co7  Cl4 G04 GO9 Gl6 G31 G277 G24
Fitting error/ns 0.90 0.51 0.21 1.22 190 0.55 0.67 0.07 1.25
Prediction error/ns 27.20 18.10 2140 1.09 750 1.09 1.09 1.09 4.20
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Fig.4 RMS statistics of fitting and prediction of the ARMA model

1 P4 R340 7 vl 4, 4 FBDS LA #h, Co4'5 P A Bhih 2 5| B A Fa s, AR-
MARBERI TR ARG A7, FP 3 TR R 2508 227 ns. 10X T GPS A £, ARMARL
B4y HI%EG09 (Block ITA Cs)f1G24 (Block IIF Cs) TR APEETIE L AN R TR, LT
HORE FE - BIE AR, RGPS LR Bl 22 Fp 41 AR A . SR TR R BDS 1A B )
2T GPS B AR
3.4 7 SUIRIAAHZE I 2545 7S 43 BT (GRNIN)

AU STl e 28 9 ¢ HEAT b 2 U O, AEREAT ) SCIRT U A 2 I 20 S AT, 5 56
X P ZE B AT 22 7 AL B PR ILIEAT I A8 IS, do i 19 2 R 40h 5 FH PR 500 28 0 JiR
hyd 2 R R TR B 22 7 41

gk Z MU IELE100K0 AR FITR B T7 R 22, gevk-as RuEsHs. AR5 709
W2 TR R 100305 FI TR 1R 38 77 R 2 B 2504E, 159 280t 45 Rk 4R,

800 1200
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Fig.5 RMS statistics of fitting and prediction of the GRNN model

HTEIS AR A7 T T, % T BDS LAY, 3FHSAL A0 AL () 1A Bhp 22 91 AR AL ARAN
FeOE, Ui T UINZRE ) S RS 2™ B S I GRNINB L TR RS 2. 10 - GPS LA
B, JLTRARORE FEHSAE6 nsLAY, 31, G16 (Block IIR Rb)*5 PAELL Z A1 AP TRAE
JEERI AR, A THRBORBDS LR 47 T-GPS LA, FL a7 k.
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{1

F 4 GRNN{REHSFIFIRORMSETHES T
Table 4 The average RMS statistics of fitting and prediction of the GRNN model

Satellite Co4 cor7 Cl14 G04 GO9 Gl6 G31 G217 G24
Fitting error/ns 41.53 140.87 171.54 2.53 488 0.78 091 0.63 2.78
Prediction error/ns  50.62 156.26 200.38 3.26 5.54 0.84 1.64 248 4.13

3.1.5 BRI ZEA N LA BT

B R 0] P 1 R AT 3

10K AR TR AT DL BI104N 38 7 v 22, 49 o9l x6)

X10MEHCY B8 (o) M BUR K TR %2 5 T MY TR 2R W ZE (6 = Omax — Omin)TEN
RO TR FEFEAR. A 1A FELL A R R 2R e g e &
0L, EI6RTEITo0 4 T RTINS 15 e v LR 45 J5 % 22 A 2= e v 1.

x5 B—

REY TN HE E X EL (BA4L: ns)

TR B TR R S

Table 5 Comparison of prediction accuracy of single model (unit: ns)

Model Co4 Cco7 Cl4 Go4 GO09 Gl16 G31 G277 G24
QR 13.49 16.01 14.65 6.65 7.46 2.06 206 1.21 5.50
GM 73.00 13.80 15.10 3.40 7.50 1.00 1.10 1.00 5.30
ARMA 27.20 18.10 21.40 1.09 750 1.09 1.09 1.09 4.20
GRNN 50.62 156.26 200.38 3.26 5.54 0.84 1.64 248 4.13
\E 250
>
Q 200
g @ QR
§ 150 = GM
g 100 & ARMA
= z GRNN
"06; 50
= = IR~ R R O R T I~ e
2 2 8 gmr32C2xsREx 80
O g 2 @<ao<@axagsasgk
< = F IST=2grR o= L 858 3F
S SN T S S — 0= o I
@) O o O &) ) @) 6} &)
K6 s Rk g vt
Fig.6 The statistical chart of the prediction accuracy for single model

*6 B—RATMNIAFTIRERIRER L (BLL: ns)
Table 6 The range contrast of RMS for single model prediction (unit: ns)

Model  C04 co7 C14 G04 G09 Gl6 G31 G271 G24
QR 55.10 51.00 56.00 10.00  9.50 1.20 1.20 1.00 8.00
GM 91.00 51.00 66.00 10.00  9.00 0.50 1.12 0.51 9.00
ARMA 178.00 47.00 62.00 0.10 19.00 0.53 0.45 0.67 8.00
GRNN  60.00 775.00 975.00 9.35 8.72 1.73 245 098 4.56
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Fig.7 The range statistical chart of RMS for single model prediction
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PG TG TR (2) WA RIS B0 [R]— Rt AL B (R TS BE KA, X T-GPS LA o,
APPSR SE AT DLIE B[R] R 0 TR 2. £ BDS A28, QR GMAIARMA 3%
B AR S AT DLk BH ) 1) PR CR, TTGRNNRL R () TR 2 R 5 %, (3) GNRREAL ¥
J5 1R 72 I ZE A AEBDS T B R h BEAHAL T-60 nsbA L, 350 W4 48 ) 238 15 28 41 o 2
FEHARAS e 2 A2 G DL R TR FE AT 2. 5 QR GMAIARMA 3SR TR RS & %
b, FIGNRRALILAE —B 53 GPS 1AL Bi k3934 22 TR v mT DA B A e HL kG B I 4
F(WG16 (Block IIR Rb). G27 (Block IIF Rb)*5 TLA).

3.2 (AETIRER ST

2545 UL LR AR B ) TR 45 ROk, LB 22 R A AR AN, HE LUK AR E HL
Fe R PE TR R TR &5 . DRIk, 3K LGS T A IR 2 TR A1 5T 2 4T X6 GPS (G04
(Block ITA Rb). G09 (Block ITA Cs). G16 (Block IIR Rb). G31 (Block II-M Rb),
G27 (Block ITIF Rb). G24 (Block IIF Cs)) P28 EEAT R TR 2047, ASFEXBDS B AR
PREEATIR AT 1.

KUK 2 T 3 e A B AR 7T O 3R 4R 120154611 H23 H 222015412 H6 H
FL14 ARESRG % B 2, TR T 200 L ABdis g T R TR L d, SR T 107k
A TR, 2 591 K F 28 R 1 RS 1 26 LA 7 V256 AR B — TR A7 (QRY - GM.
ARMARNIGRNN) () 4R 45 RUEAT 20 7, 45 228 A2 5 TIRASE R RME 1E 28 AL 20 5 Tl
B, SCr NGRAGPS LA ik I T 480 (73 7 h G16 (Block IIR Rb). G24 (Block IIF
Cs). G27 (Block IIF Rb). G31 (Block ITI-M Rb)) H k52 22 551 HEA TR, 45 267k
BRI % 22 22 IRTIAR (138 7 i 72, Gevh a5 I8 /s, RN & TR — BRI 4] &
BB R IELZ100K1 AR 13 2 M 27685 FEXT L G vk 25 51, = B0 i 34 4R 47 >k 1l 12 (s
oflle).

7-11



!

59 &

=
o
3
< z b=
Sz _ 5
¥ =2 &3
U <0VOU =
[/ I - - I Y I - B = - |
m—
(o)}
[e'e)
=
O
wy
<
o
(q\]
S © o o o o
" S w3 v 3
AN a4 - = O O

(Su ;_01)/ AorInode uonOIPal

Times of prediction
(a) G16 (Block IR Rb)

= QR
e GM

£ ARMA

= Modified CM

JeIndoe

uonoIpaId

Times of prediction
(b) G24 (Block 1IF Cs)

=

o

B

<z =
RMWMM.va
OO <00 =
= I AR - B+ H - |

coocoooo000D
oot adN—<
—oocoococoocooo

(st ;_01)/ AoeInode uonoIpalqy

Times of prediction
(c) G27 (Block I F Rb)

® Modified CM

<
=
[~
<
u

& GRNN
e CM

3.00

(su .

0

/&

QBINDOE UOTOIPAI]

Times of prediction

(d) G31 (Block 1I-M Rb)
B PR AN AR TR G PS A B RS B G v I

&

8

Fig.8 The statistical chart of GPS satellite clock accuracy for single model and combined model
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F7 B-HEAMASRATIRGPSLEWHHBERITER

Table 7 The statistical results of GPS satellite clock accuracy for single model and
combined model prediction
Satellite Error type QR GM ARMA GRNN CM Modified CM

& /ns 1.25 0.65 0.78 0.82 0.71 0.67
G16 o/ns 0.23 0.06 0.04 0.08 0.06 0.04
e/ns 1.55 0.72 0.70 0.80 0.70 0.70
g /ns 0.54 0.54 0.41 0.41 0.46 0.44
G24 o/ns 0.06 0.06 0.07 0.03 0.05 0.05
e/ns 0.75 0.75 0.70 0.55 0.55 0.60
& /ns 0.53 1.87 1.58 2.42 1.34 1.09
G27 o/ns 0.13 0.14 0.13 0.06 0.18 0.17
e/ns 1.20 1.07 1.30 0.70 1.58 1.38
& /ns 2.03 2.33 1.20 1.48 1.25 1.23
G31 o/ns 1.00 2.99 0.16 0.45 0.36 0.41
e/ns 2.80 5.30 1.25 2.10 1.90 2.20

gE S EISFIRT/AHT Al &n: (1) G16 (Block TIR Rb) T2 28 i BURIME IE B34 45
b, 1B IE4E BB S5R B2 i, TR RS MRt R sy, mT LS e e P 1 5 o — A28 ) Fi
K. MILAR32E 5 T 8h(G24 (Block IIF Cs). G27 (Block ITF Rb). G31 (Block II-M
Rb) ) FIFRARAE 15 25 S A o) DAAS BUARBL R 4518 (2) [R]— P8 i A ) 9 T b, Gt
R FE 2 K. T G27 (Block IIF Rb) P AL, QRELAEDR FE I i, 1T G16 (Block 1IR
Rb) 1AL, QRS (¥ FiUHRAE FE foe 7 1) GIVURE Y (1) 0UARORS BE AR N s (3) TEREAT IS 2 I
By, 12 IE L S SRR 55 % 18 T G ik 72 DL 2 AN I s I B i) Pt e 22, A
IE L TIRORS BEAE — s AR B T2 MR A AR, 1207 AR AR DRAE TR ] Sk BT 32 T 2
e T HRKE . 5 LR TG IR 450 Stk A SR R S S, BB Y
A, LR G AT R TIRORS BEAS 2 KT b SR — A T A9 B i e KB T ik 22, 21
I I 23 BT A7 B R T P PG

4 #ig

AR A EXBDS / GPS AL A i Bl 1) R 39 ol 222 AR AR 2 e B R LA S 6 A 1Y
(QREEA, GMAEAL, ARMARBLAL, GRNNAIRL, 2 AL & BRI RE I 2 A AL 5B
RO TR BEAT LU T, f R 4

(1) B — BRI AR IE LR 10 Tk b, 3FBDS LA 2l (Co4 (GEO Rb). C07 (IGSO
Rb). C14 (MEO Rb)) )% 7 Tl BE Bk R PEAR 0K, 5 . — TREAR AR 2 75 10 S8 TR
R A 22 1) 22 0 AE50 nsPA b, XA )4 S e T BD S 7 Hahs AR AL AR B AN RS E 5 TR
T6MGPS LA #1G04 (Block ITA Rb). G09 (Block ITA Cs). G16 (Block IIR Rb). G31
(Block II-M Rb). G27 (Block IIF Rb). G24 (Block ITF Cs) ) TiRKS AL EL AV,
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Study on the Prediction Model of Short-term Clock
Difference for the Atomic Clock Onboard BDS/GPS
Satellite

BU Jin-wei'!  ZUO Xiao-qing® =~ CHANG Jun? LI Xiao-long?
(1 School of Land and Resources Engineering, Kunming University of Science and Technology,
Kunming 650093)
(2 First Survey Team of State Bureau of Surveying and Mapping Geographic Information, Xi’an
710054)
(8 School of Surveying and Mapping Engineering, Donghua University of Science and Technology,
Nanchang 330013)

AsstracT According to the characteristics of BDS/GPS satellite clock and satellite
clock error problems of prediction model, this paper introduces 4 kinds of single model
(polynomial model (QR), grey model (GM), time series model (ARMA), and generalized
regression neural network model (GRNN)) on the basis of classical models, and the
modified classical weight combination model is deduced. The satellite clock precision
products of the GNSS (Global navigation satellite system) research center of Wuhan
University are used to study the short-term satellite atomic clock error prediction model
of BDS/GPS, to compare different satellite clocks and predicted effects of different
models. The test results show that the single model for the BDS satellite clock (C04
(GEO Rb), CO7 (IGSO Rb), and C14 (MEO Rb)) has a large jump of prediction
accuracy; and for the GPS satellite clock G04 ((Block ITA Rb), G09 (Block ITA Cs),
G16 (Block ITR Rb), G31 (Block II-M Rb), G27 (Block ITF Rb), and G24 (Block IIF
Cs)) the forecast accuracy change is relatively stable; when the same prediction model is
used in the satellite clock sequence with different types, the prediction accuracy is quite
different. However, the correction of the classical weighted combination model improves
the prediction accuracy under the premise of ensuring the reliability of prediction, and
is superior to other models to some extent.

Key words astrometry: time, satellite atomic clock, methods: data analysis
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