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Abstract;
integrates legacy PNT and authorized differential service,

BeiDou navigation satellite system ( BDS)

where differential service is provided by the satellite-based
augmentation system (SBAS). The latest progress of the BDS
SBAS development were introduced and the performance of
pseudo-range based and carrier phase based user differential
positioning was evaluated. Observations of 10 stations in
Chinese mainland were used. The results show that the
accuracy of the pseudo-range differential
positioning (SBAS SPP) reaches 0.4 m, 0.3 m and 0.8 m in
the North, East and Up directions respectively, which shows

coordinate
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an improvement of 53% over the legacy SPP. For the
evaluation of carrier phase based positioning, kinematic
precise point positioing (SBAS PPP) was performed and
compared to the kinematic PPP results based on post
processing precise satellite orbits and clocks (POST PPP).
The results show that the SBAS PPP kinematic coordinate
estimates converge to 1 meter in 7 mins on average and the
coordinate accuracy reaches 0. 1 meter in horizontal and 0. 2
meter in vertical component after convergence. Compared to
the results of POST PPP, SBAS PPP shows better accuracy
and shorter converge time, which indicates that the accuracy
of BDS satellite orbits has been increased and clocks still have
to be improved.

Key words: BeiDou satellite navigation system; satellite-
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(1) SR B A0KS 25 B k5 R o (PPP) X A REHEAT I
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Fig.1 Station distribution
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2.2 SPP ZERXtLL 1R

& 2 A st01 ui BAK SPP 2 X H0h (& 22) 5 X
A GiE AL (B 2b) G5 R Xt L . B 6 3 5 %
IR F A RiR 24 N, E. U(north, east,up) J7a] I
4y R RMSRME R) (STD(R#EZE S) Al Mean
CE3{E M. B RMS, STD Hl Mean 2 8] 2% %
2, WA 47 RMS Al Mean, /& 2 (%) 4] 8] %1,
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251 Ry=0.466 m, §=0.431 m, M=0.177 m
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Fig.2 SPP result for station st01 under SBAS service

and legacy PNT on May 4,2016

HIE J5m RMS 435K 0. 275 m.0. 292 m, B B4 T
FEAR AL SPP AAFriRZE U w1105 m, N fl E
J5IAE 1. 001 m.0. 394 m. FA S SPP AbfpiRz
U F1 N Jh Mean 5—0. 085 m 1 0. 033 m,{E T &
Het88 SPP B —0. 177 m 1 0. 122 m. {B— 155
PR P A I AR R H E RA LA
EASHHT AN 1 h EF—K. MEHEE 2 h
B TR BRI 2 G e i, R E 2b h g
PSS IRAEAE 1 h — R B AR, B L3S am 3% n 1 52
BB ZOE. (FSERETE 2 h B L EHER
PhER R ar AT L, R IL I 22 IR AAFFE LA
2b HBk7E.

i Bl 3 stO1 3f 5 5K g v 45 R | 05 B (B )
SBAS SPP N 7 £ 3358 SPP 78 N i LiRZ%=
IR RMS, Legacy SPP N FE/nF A& S SPP ¢
N 7 iR 2% i B K RMS, oA B 4] & L5 2 2%
BOFK 2 ZIEZKEMNERGETHRATA, FHE X
REME SPP ¥ 4551 RMS £ N.E.U
3AJTIE EAFBIAE T 0.4 m 0. 3 m F10. 8 m,HAS
FEAZH SPPH 1.0 m.0. 6 m 1 1. 5 m, &L
) FRENREE RS T 29% ~T4%EA, T =4
AR T 53%.
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Fig.3

SPP result over 6 days for station st01 under
legacy PNT and SBAS services

2.3 PPP&RIFLE 4R

PPP A BRZE R g . R T/ # B Phn b B A
AP IER (AT R SBAS) . 2 F GFZ J54b#
WEPE . HERSER QTN POSD. B 4 K
st04 B K SBAS 1 POST PPP i 4



78 PR, % . J03) BB R GV AR R T4 1079
x2 ZiEXSPPEMERILK
Tab.2 Comparison of SPP results for legacy PNT and SBAS service
. RMS/m #BIKF/ %%
Pl
wzﬂi N E v = N E 9) =%
BRI EASH EBEENE EARN BEWW EASH EANE EARN 7
st01 0.359 0. 953 0. 284 0. 483 0.595 1. 408 0.751 1.767  62.3 41,2 57.7  57.5
$t02 0.537 0. 759 0.371 0. 595 0. 859 1.414 1.079 L.712  29.2 376 39.3  37.0
st03 0. 388 0. 790 0. 294 0. 938 0. 909 1.707 1.031 2,102 50.9  68.7  46.7  50.9
st04  0.297 0. 849 0.109 0.275 0.587 1.149 0. 667 1.455  65.0  60.4  48.9  54.2
st05 0.375 1.428 0. 356 0.575 0.812 1.987 0. 963 2.514  73.7 381 59.1 617
SEH O 0.391 0. 956 0. 283 0.573 0. 752 1.533 0. 894 1.895  56.2 49,2  50.4 52,9
F1 E F516 Mean 433 —0. 068 m.0. 081 m, B B4k
= F POST PPP Af5iR2E U Jrim 4y 0. 175 m, N Fl E
~
**Hig FIAM—0.182 m 1 0. 321 m; ¥4 B 4a.b F y HHR
E FEREHE Y EEEL—1 m.1 m], 73 5.
T
R 1.0r
- 0.8}
A el Ry=0.172 m, S;=0.156 m, M;=0.072 m E g6l
2 TP oo R=0.101 m, 8=0.075 m, My=—0.068 m e
Z K 0.4
—1.0f — Rp=0.094 m, S;=0.049 m, M;=0.081 m =
1o . . . . . ﬁ 024
“0 5 10 15 20 25 T Ok
i iE] /h ) b
}DQ —-02 :;"J"‘L Y
a SBAS PPP , _0 4 i
S G] R,=0.172 m, §,=0.156 m, M,;=0.072 m
8r 2 ~O6f . Ry=0.101 m, Sy=0.075 m, My==0.068 m
—0.8f — R,=0.094 m, $.=0.049 m, M,~0.081 m
& 6} - R=0.292 m, §,=0.234 m, M;=0.175m - o o .
0 — R=0.206 m, S\=0.098 m, M =—0.182m -1.0 5 10 15 30 75
g 4ff — R;=0.328 m, S,,=0.068 m, M,,=0.321 m I 8] /h
4 a SBAS PPP
=
+§ ______ L0 .. R=0.292 m, §,;=0.234 m, M =0.175 m
- e et T 0.8% —-—- R=0.206 m, Sy=0.098 m, M=-0.182 m
a i £ .6Ll— R.=0.328 m, 5,=0.068 m, M,=0.321 m
, ! H . B
Z -2k ?E 0.4 _::l ’/, .‘. RN .
g | ) ,”
_4 . , , , 02
0 5 10 15 20 25 = ol
i 1] /h K a .
R02} ./ T
b POST PPP . —04li
& i
4 st04 @5 2016-05-03 SBAS PPP #n Z —0.6f]
POST PPP 2 fir & R —08
—1.0l . .
Fig.4 SBAS PPP and POST PPP result for 0 20 25

station st04 on May 3, 2016

& 4a & SBAS PPP e 45 5, B 4b 2 POST
PPP jE (455K, B 3 175050 8 Al 8Us (A
SCFF NLEU 34 M A s 3ol ais] 1 m f/F H
AT 1 m BRSO 2 w24 NJE U J7
] i RMS. STD 1 MEAN. & 4 1] 11, SBAS
PPP BetREE WL, i B BT 50 SBAS PPP A friR 2
U J71a RMS 2 0. 172 m, N F E J7[i[) RMS 4354
0.101 m.0. 094 m, BJ B F POST PPP Ak fRiR 2
U #1014 0. 292 m, N il E A 0. 206 m.0. 328
m; SBAS PPP #7132 U 1) Mean 50. 072 m,N

10 15
(e /h
b POST PPP
st04 5 2016-05-03 SBAS PPP #1 POST PPP fi7E L y
MEEEL-1m,1 m]HER
Fig.5 SBAS PPP and POST PPP for station st04 on
May 3, 2016, where the y-axis is set to [ — 1,
1] meter
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S
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Fig.6 Coordinate precision and convergence time of SBAS PPP and POST PPP for stations st02,st03,st07 and st08

&l 6 1) %, st02, st03, st07 FI st08, 4 > ¥
SBAS PPP ¥y W 8t 8] B 5. % F POST PPP. {HE
st07 1 st08, 2 43k SBAS PPP EN G U KA

FHEA W BT POST PPP. KA Wik PPP E {7
LRG3,

%3 %£ih% X SBAS PPP #1 POST PPP & {4 R R sart gt
Tab.3 Coordinate precision and convergence time of SBAS PPP and POST PPP

B} /] / min STD/m BT K/ % Ry

WA (pas poOST N E v = E U =#% km
SBAS POST SBAS POST SBAS POST SBAS POST

st0l 2.7 522 0,078 0.080 0.072 0.112 0.137 0.184 0.173 0.230 3.1 35.6 257 248 <0.05
s02  12.6  8L.4 0.075 0.093 0.095 0.133 0.129 0.199 0.177 0.257 19.5 28.5 353 31.1 <0.05
st03 3.3 57.8 0.115 0.188 0.106 0.175 0.168 0.270 0.230 0.373 38.5 39.4 37.7 38.3 <C0.05
st04 4.5 532 0,077 0.124 0.082 0.119 0.154 0.307 0.191 0.352 37.6 3.0 49.7 45.7 <0.05
st05 5.9 99.2 0.074 0.092 0.066 0.108 0.107 0.140 0.146 0.199 19.7 38.9 23.5 26.6 <0.05
st06 9.1 92.1 0.076 0.089 0.081 0.114 0.214 0.199 0.241 0.246 13.7 29.2 —7.4 2.0 459
st07 16.3  90.7 0.103 0,116 0.099 0,130 0.167 0.221 0,220 0.281 11.4 23.9 246 21.7 341
st08 4.9 9.2 0,115 0.104 0.104 0.140 0.202 0.198 0.255 0.264—10.6 25.8 —2.4 3.4 694
st09 6.3  36.0 0.085 0.097 0.096 0.113 0.253 0.215 0.284 0.262 12.6 15.0 —17.8 —8.4 582
St10 3.8 70.6 0.086 0.102 0.080 0.109 0.184 0.205 0.218 0.254 15.5 27.1 10.5 14.2 471
¥ 6.9 72.4 0.089 0.108 0.089 0.125 0.172 0.214 0.213 0.272 16.1 29.4 17.9 21.7
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T RE RSt hw. LA BR T st06.st08,st09 2Z
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AEEENRE, X — PR 5 4 R W FE
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PR, 3 X SE A BUE B H A& O B i 22 B A Y
FRARTA REAR 27 1 A% TF FH P i A I B AR R 22, 0
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A, st09 Ay SBAS PPP B§22,3X 5iX Bk B &
F i EE R O, HA st08 Al st09 B Sk 1K i
BARIAE T 694 km 1 582 km, it T AKX &EE
HOESL 500 km (¥ IR 552142, FERE B BLT WS T
WHEHRSIRE 5 S5 R RIR S B
25, N4 R 56 SRR a5 I & PR 2B 1Y
BRANTIAS GEAR 488 1 FF P 3 rp RSS2,

3 #Hig
RN T BDS BHEM IR RE MK

ARG OL X AR A2 () 322 2 o B B 22 IR 2 LI
BOEFA G} X 55 BOE B BIEHE T T 0 22 B ik
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