5557 % 45 6 ) OB Y M ¥ R Vol.57. No. 6
2014 4F 6 CHINESE JOURNAL OF GEOPHYSICS Jun. .2014

TR WO I, 2T E AR, 2014, B R B SE OR 24 o i SE N S A PP E R 4R Ak O k. Bk B4R R L 57 (6) - 1720-
1731,doi:10. 6038/¢jg20140604.

Ding W W, Ou ] K, Li Z S, et al. 2014. Instantaneous re-initialization method of real time kinematic PPP by adding
ionospheric delay constraints. Chinese J. Geophys. (in Chinese),57(6):1720-1731,doi:10. 6038/cjg20140604.

Bft 0 R &5 = FE AR 29 3R By SE R B 75 PPP
RIEEFH VIR TTE

TR HEH T RER
1 s E R B S BRI BB . R 430077
2 KA 0BRSS R T A% . R 430077
5 PR BEBOEEFITIRE . JER 100094

ME  EHEET . h TR S h SRR S8 2 3025 PPP 33 40 46 4k () E0RE ™ B 5 i PPP Y 52 Br i T
ROR L BEXT b 3 ) BBU AR SCHR T — AT A0 i R S 1 SE T T v S R R R A A AR B AL L JF 4R ) AR AR B Y
TE RS 1 3 TR b3 T4 25 SR AT Sy i #0U ORI {8 366 5 B0 G W)/ B2 1) 2 23 YO 00 5 408 Al 1145 30 Jl Bk 2 B0 s i O 2%
I [ R L DG 52 B PPP DRl 5 00 6 1. 1% 05 58 A 52 B L 8 2 TR 4 SR AR 1) 3 LA E L BB T S A R
BRORG 2 L 3 T J A 5 i B 4 T T A . TR AR ] XS A A [ s 30 ) A S5 L0 5 47 2 AT 3 W S Bk A R AOCR S
AL R PR 20 B T I I A7 TR B D) 5 AR 2 v T B A (90 s LA PN IR 3 TT RUAR A5 45 R A9 IR R L S 2 gk B
906 LA b+ b G BIE 1 A 7 1% 0 A A 5 B o OB IR R — 25 1 O, S T b DX R B S R T 18 R BCR AT
S 45 B AR L DR B Sl BRI Z1 1 2 R AR
KGR L ghAs PPPs EAT 14610 BB 52 5 v 2 /2 TEC Bk s KR IE 8l Ja o ) 22 7
doi:10. 6038/ ¢jg20140604 hESES P228 I #& B HA 2013-08-13,2014-05-13 i E f

Instantaneous re-initialization method of real time kinematic PPP

by adding ionospheric delay constraints

DING Wen-Wu'?*, OU Ji-Kun'?, LI Zi-Shen®, YUAN Yun-Bin'*
1 Institute o f Geodesy and Geophysics. Chinese Academy of Sciences, Wuhan 430077, China
2 State Key Laboratory of Geodesy and Earth's Dynamics, Wuhan 430077, China
3 Academy of Opto-Electronics. » Chinese Academy of Sciences Beijing 100094, China

Abstract In the traditional mode, re-initialization in real time kinematic PPP caused by problems
such as signal interruption will seriously affect PPP's performance. A novel method is proposed
in this paper to solve the problem. Firstly, an ionospheric predicting model and its relevant
weighting method is designed, then floating results of cycle slips is estimated by combining the
predicted value and epoch/satellite differenced observations. After that, cycle slip fixing is
attempted to achieve instantaneous re-initialization of PPP. Through adaptively adjusting the
weighting of the ionospheric prediction results, the accuracy of the estimated parameters are
improved, together with the success rate and reliability of cycle slip fixing. Analysis results from

different distribution and different epochs reveal that the performance of cycle slip fixing is
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strongly correlated with station position, solar activity and time latency. Using the proposed

method, a success rate higher than 90% can be obtained when the time latency is relatively small

(<C90 s), which proved the effectiveness of the method. However, the performance differs

greatly in different regions and solar activities when the time latency increased. The success rate

lowers down with decreasing latitude and stronger solar activity.
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Real time kinematic PPP; Re-initialization; Cycle slip fixing; Ionospheric TEC

prediction; Solar activity; Epoch differencing
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Table 2 Statistics of correlation coefficients between actual accuracy and

predicted accuracy of stations’ ionospheric prediction

DOY188(2008) DOY89(2012)
X HE v il
30 s 90 s 150 s 210 s 270 s 30 s 90 s 150 s 210 s 270 s
BJFS 0. 84 0.81 0.79 0.79 0.73 0.82 0. 84 0. 83 0.81 0.79
BJSH 0.83 0.83 0.83 0.78 0.76 0.81 0.81 0.79 0.78 0.76
CHUN 0. 85 0. 84 0.82 0.77 0.75 0. 84 0. 81 0. 80 0.76 0.78
DLHA 0. 84 0.85 0. 81 0. 80 0. 77 0. 80 0. 80 0.77 0.79 0.74
JIXN 0. 85 0. 85 0.83 0. 81 0.78 0.82 0. 80 0.79 0.78 0.73
=541 SUTY 0. 87 0.82 0.82 0.82 0.77 0.78 0.76 0.75 0.78 0.72
TAIN 0. 84 0.85 0. 81 0. 80 0.78 0. 84 0. 84 0. 84 0. 80 0.79
TASH 0. 86 0. 87 0. 85 0.82 0.79 0. 86 0. 84 0.82 0.79 0.77
XNIN 0. 85 0. 84 0.82 0.77 0.75 0. 80 0.78 0.78 0.77 0.74
YANC 0. 84 0. 85 0. 81 0. 80 0.77 0. 82 0. 81 0.81 0.81 0.79
-3 0. 85 0. 84 0.82 0. 80 0.77 0.82 0.381 0. 80 0.79 0.76
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ZHNZ 0. 85 0. 85 0.83 0. 81 0.78 0. 85 0.87 0.85 0. 85 0.82
R 0. 84 0. 84 0. 82 0. 81 0.78 0. 84 0.85 0. 85 0. 84 0.81
KMIN 0. 84 0.81 0.81 0.78 0.76 0. 84 0. 85 0.82 0. 80 0.77
XIAG 0. 84 0.81 0.79 0.79 0.73 0. 86 0. 84 0.85 0. 81 0.79
{848
XIAM 0.83 0.83 0.83 0.78 0.76 — — — — —
-3 0. 84 0.82 0. 81 0.78 0.75 0. 85 0. 85 0. 84 0. 81 0.78
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Table 3  Statistics of cycle slip fixing in Europe (2008)

Time Latency(s) 30 90 150 210 270

Success Rate/ (%) 99.0 98.9 95.3 89.5 81.1
Average Epoch 1.03 1. 05 1. 10 1.19 1.29

IONO RMS(cm) 0. 49 0.72 1. 00 1.31 1. 64

B3R 3 MGeitah R nl I, 24 b ki RS B 30 s
B JUP- 43 oL B Ty, R Rk 5] 99. 026 .
I FLBR Bt 20 A1 o 2 KB 4348 BT AR — A i
JC 1080 A R T DU B = BB, ¥ e B H
1. 035 3F — A5 338 i v 7 ) ) 4 R S BT SR AN AR
R BN 2 150 s BF B RARAE 9520 LA B P8
Ji JCE H k1105 B B E B AR D 2k AT DUA RLCHE



6 4] TOCEAE B e JE A R 2 Y S N Bl 2 PPP bR T4 4G AL 7 1727

x4 HERBEAREESITLER(2008 £)
Table 4 Statistics of cycle slip fixing in China (2008)

Time Latency (s) 30 90 150 210 270
Success Rate/(%)98. 6 90.7 67.6 51.4 37.5

Aferage 1.14 1.29 1.47 1.67 1. 89
Vian Epoch
IONORMS 0 o 200 568
(cm)
Success Rate/(%)98. 4 92.0 78. 4 69.5 54.5
Average 1.09 1.27 1.25 1.53 1.53
4 Epoch
1 MS
IONORMS e 1 05 190 2.59  3.31
(cm)

Success Rate/(%)99.0 97.3 89.1 78.1 65.1

- Average 1.03 1.12 1.25 1.35 1. 45
Bk Epoch
IONO RMS 0. 46 0.91 1.38 1.87 2. 40
(cm)
Success Rate/(%)98. 8 95.0 83.1 1.7 58.1
Average g
Mean Epoch 106 18 b b e
IONORMS o,
(cm)
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JEIRF 270 s . BEAE HL B )R PR 5% 22 0 KL i
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Wi P )2 T R 22 R BB B A R B 11 Ok
PR 5 (ELRE o B DX 3 Pl 2 U2 90 gl R X e B
1B S LI ATIIR AT AR 3 80 %6 LA b fy B0 TE AR 7
T AE O DX 38 AT LA HOAS B e Y ROR

Al L BORT 0 3 g {51 158 W J) 8k 48 52 59
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BRA& & )5 BORL 3 1 52 B 5 07 152 25 B[] 7 41 an [
6a 7R s VE X HE L 18] 6b 2] T i B4 S X kA7
SEiy gl & PPP Ry a2 i 1 22 I 8]y 4. AT LA 3
TAEZI BN J] B 18 52 4 A8 2« L3 LR T — A
Dy b W K dh » 223 fn B Be ) R iR A LU A
AN IR B A — AR 3 R R 1) R K JEE L TR AR S
AT I B 2 PPP I 7 B S EH B I A A . I
IR [61) P T 325 B A i 5 i A EE S o 4 R L X AR 2 T
T R S B AR N SR .

Xof A X 2 A T ) O 30 s 1L A
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Fig. 6 Error of real time kinematic PPP
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Fig. 7 Time series of ionospheric prediction error (2008)
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Fig. 8 Number of stations succeeded in cycle slip fixing (2008)
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Table 5 Statistics of cycle slip fixing in China (2012)

ILatency/ 30 90 150 210 270
Success
97.8 84.2 55.3 34.7 28. 4
Rate/ (%) ’
s VTR g gs 143 173 L85 2.30
Epoch
IONO
.74 1.75 3. 4.4 .04
RMS/cm 0 5 3. 00 3 6.0
Success
Rate/(%) 98.7 88.6 69. 8 51.7 38.0
Avera
By S8 105 117 144 1.65  1.75
Epoch
IONO
0.62 1. 38 2.18 3.07 4.16
RMS/cm 3
Success
98.9 92.6 76.9 55.3 43.1
Rate/ (%) ’
. Average
4 1.01 1. 14 1.35 1.49 1. 83
Epoch
1IONO
1.2 1. 2.77
RMS(em) 0.58 3 95 3. 65
Success
98.7 72.4 51.7 4
Rate/(%) 8 90. 6 0.0
Mean VTR0 119 141 156 186
Epoch
IONO
0.61 1.34 2.16 3.09 4. 14
RMS(ecm)
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