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55 Satellite Clock Prediction Difference with Quadratic Polynomial
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Satellite Clock Bias and Prediction
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Table 1 Prediction precision statistics of different EC(Unit: ns)
Are 3 hours 6 hours
EC 0.5 0.9 1.0 0.5 0.9 1.0
Min —15, 5393 0, 0976 1. 9309 —31. 3262 —8. 4486 — 2. 8086
Max —6. 9084 3. 4314 6. 7666 —6. 5084 3.4314 6. 7666
RMS 12, 6255 2, 6456 5.9073 26. 4510 2. 2910 5. 1461
9 hours 12 hours
Min —31. 3262 —38. 4486 —2. 8086 —38. 5247 —8. 4486 —2. 8086
Max —6, 9084 5. 9012 13. 7746 —6. 9084 7. 3445 18, 2745
RMS 29, 4867 4. 2334 9. 4537 33. 9013 4. 8165 12. 8203
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Table 2 EC statistics
Prediction time min max mean
3 2Nt 0. 7880 0. 8946 0. 8402
6 /it 0. 7880 1. 0497 0. 9146
9 sNaf 0. 7880 1. 0497 0. 9008
12 7N 0, 7880 1. 0497 0. 8898
24 /N 0, 7587 1. 0497 0. 8494
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Table 3 The prediction precision comparison with QP and GM of PRN- 1 and PRN - 8

PRN-1 3 - hours 6 - hours 9 - hours 12 - hours

G-model Q-model G-model Qmodel G-model Qmodel G-model Q-model
Min 0.0976 —11.2493 —8&. 4486 —46. 8704 —8. 4486 —82.4405 —8.4486 —142. 5055
Max 3.4314 1. 5859 3. 4314 1. 5859 5.9012 1. 5859 7. 3445 1. 5859
RMS 2, 6456 6. 3052 2.2910 32.5184 4.2334 57.0084  4.8165 95.1272

PRN-8 3 - hours 6 — hours 9 - hours 12 - hours
Min —3.5074  0.1984 —1,.8544 0,1984 —1.8544 0,1984 —1.8544 0, 1984
Max 2.2834 173.0362 2.8452 689.3374 3.9992 1547.0176 6. 6098 2742, 0300
RMS 1.6037 112.2218 1.5184 440.0837 2.0911 0O86.2415 4.2211 1749, 5514




3 HRAEAE A B (0 {2 T B AR S GPS LR Bl Tl b (%) N I 0F 52 317

B 14 2435 F — ik 23 R FHE 1E (K 6 B RU1G 31 ) T2 50 25 T4 LA IR 3% 3
B TE R BRI Rk 2300 TR #h 2 R GE . IR AT L, R 200 X 4R Bl
HF[R] RS o 1R 25 AR R I B R B P 0, D 04 BT () B LR 3R 2 A T e A5 28
TR BE B A B (R] A HERS — B HL 3RS E. MR IR BT B AR Y, h 1 1% T4 4 0 2
V'] P BRI B, — EL g S TR TR , 3R ] AR A 20 Bk 2 ) TR A, K AR R — A
ORI J53 75 70 25 4 5 14 R 5, BRI » EL 0 412 85 28 XL RB A5 310 5 0 o W00 5 G A T3] (1) s ) — R
S FARAE. A T1E B 20 0 U (8 B 75 A6 A5 21 X 2 K A ) A R 22 4b. i |k
R TR P 25 TR 4387, 38 1 LAAS 8 LR R A58 : (1) R S R 7E BRpIi A
AR e O TS B2, RBIS 3 0. 1 ns BTG BE . 155 T K (8 B 0 40) 300 100 FoU400065 B2, — it il
B[] A 5—10 Z3BPREIAE] 1 ns LLPN A4 TR4ROG BE . U4 20—30 73 BhEEIAE] 3—5 ns; (2) —
IR 235 X PR 75 LA R 22 ) ) R R AR Jr DAL 0T 1% 25 2 B A oL H st [ ) 38 34 i 2
B o, R (R R T A LA 1R 22 [R) 1) B SR AR o JHL T4 R 25 AN S B A T4 st (1] £y
B T R K A TR RS O A E AR JE— 2P BT R (3) i Tk B el
R BRI R B S (DAY a0 sar a0 ). F L WI8E AR E5) AR g s XA 7R
KRG o R K EASE ALt f 40 6 D 2 25080 W« (5B AS PR D e 00 A T P 2 B
A 3 0 IR AR S S AT B a2 s A R A Sl I B L SR JE A R 1 Bl T 5
PEFTERRE , —E R b fE R s T e 2 s
4.4 FEEBIESHESEIEHRBN—MXER

T EFRATI AT LA AT 1R 22 AR AR AL B R A O T LB R B R B AL A — AL
. DR EFAT] DL Ry P18 D0 - — 28 2 B8 3o 194 03 Ul i) 17 O 5 5 — 28 Ak B iR
5 BEA 38 A7 3 U0 1 1 s s Y ) A5 0. 2838 T 43 R DU e . (1) s L
IEAE; (2) 334 H oA G ; (3) 3B H oM IEAA : (4) 380 H A AL (AU &, 0 T B
FEAN RIS AU Y TR Bh 25 5 K R AR B [ i — 6 & - FRATTHEAT 1T 2001 4F,2004 4%
2006 4F£Yy 30 K (BFRZY 30 5 TA) i TR PP 2508 04 15 AR [RI 26 B T2 i 2= S5 AU
TEBR B — MR, T 1 LASE 4> TR B 22 YRR k.

(1) TRPpZEEN, WOER A IEME

0.0191 1.04
0.0191
0.019
0.019
0.0189
0.0189
0.0188 |
0.0188
0.0187 PRMN-Z

0.0187
0

EC and 7th Order Curve Fitting

Clock Bias (ms)

500 1000 1500 2000 2500 3000 9 0 500 1000 1500 2000 2500 3000
Epoch Epoch
B 15 DRI H O E A BRI R BUE LR

Fig. 15 SCB and model EC when the value of SCB is positive and increasing
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An Improved Grey Model for the Prediction of
Real-Time GPS Satellite Clock Bias

ZHENG Zuo-ya', CHEN Yong-qi*, LU Xiu-shan'
(1 Geomatics College Shandong University of Science and Technology Qingdao 266510)
(2 Department of Land Surveying and Geo-informatics The Hong Kong Polytechnic University Hong Kong)

AsTrracr In real-time GPS precise point positioning (PPP), real-time and relia-
ble satellite clock bias (SCB) prediction is a key to implement real-time GPS PPP. It is
difficult to hold the nuisance and inenarrable performance of space-borne GPS satellite
atomic clock because of its high-frequency. sensitivity and impressionable, it accords
with the property of grey model (GM) theory, i. e. we can look on the variable process
of SCB as grey system. Firstly, based on limits of quadratic polynomial (QP) and tradi-
tional GM to predict SCB, a modified GM (1,1) is put forward to predict GPS SCB in
this paper; and then, taking GPS SCB data for example. we analyzed clock bias predic-
tion with different sample interval, the relationship between GM exponent and predic-
tion accuracy, precision comparison of GM to QP. and concluded the general rule of dif-
ferent type SCB and GM exponent; finally, to test the reliability and validation of the
modified GM what we put forward, taking IGS clock bias ephemeris product as refer-
ence, we analyzed the prediction precision with the modified GM, It is shown that the
modified GM is reliable and validation to predict GPS SCB and can offer high precise
SCB prediction for real-time GPS PPP.

Key words Astrometry and celestial mechanics: Time, Methods: numerical
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