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East and Up directions respectively, which shows an

10 6 d R improvement of 53% over the legacy SPP. For the evaluation
of carrier phase based positioning, kinematic precise point
. 3 positioing (SBAS PPP) was performed and compared to the
0.3m.0.4m 0.8m kinematic PPP results based on post processing precise satellite
53% orbits and clocks (POST PPP). The results show that the
. SBAS PPP kinematic coordinate estimates converge to 1 meter
7 min 1m s
in 7 mins on average and the coordinate accuracy reaches 0. 1
0.1 m, 0.2 m, . . . .
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
. P228. 1 . A increased and clocks still have to be improved.
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Abstract: BeiDou navigation satellite system (BDS) integrates ’

legacy PNT and authorized differential service, where s GEO (geosynchronous satellite)
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 ’
coordinate accuracy of the pseudo-range differential positioning ’
(SBAS SPP) reaches 0.4 m, 0.3 m and 0. 8 m in the North, ; N
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2 SPP
Tab.2 Comparison of SPP results for legacy PNT and SBAS service
RMS/m /%
N E U
N E U
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
st02 0.537 0.759 0.371 0.595 0. 859 1.414 1.079 1.712 29.2 37.6 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 38.1 59.1 61.7
0. 391 0.956 0.283 0.573 0.752 1.533 0. 894 1. 895 56.2 49. 2 50. 4 52.9
N E Mean —0. 068 m,0. 081 m,
s POST PPP U 0.175 m,N
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¥
E'? [—1 m,1 m], 5.
z
= =0.4
= 06 .
i S [— Ry=0.172 m, §;=0.156 m, M;;=0.072 m ~
—0.8 U U U W
2 T OF —= Ry=0.101 m, $=0.075 m, My=—0.068 m 5
~1.0f __ Rg=0.094 m, 5;=0.049 m, M=0.081 m £ ok
-1.2 : : - : ' y N
0 5 10 15 20 25 = Of
B E/h = :
e & 704 Ry=0.172 m, $,=0.156 m, M,=0.072 m
8¢ 5 ~06f _._. Ry=0.101 m, 5x=0.075 m, M\=—0.068 m
~0.8)t — R:=0.094 m, Sz=0.049 m, M;=0.081 m
E 6} —Rp=0292m, 5,=0.234 m, M=0.175 m Py , , . _ ,
e - R\=0.206 m, $=0.098 m, My=—0.182 m 0 5 10 15 20 25
B 4) — Rp=0.328 m, $z=0.068 m, M=0.321 m f8l/h
= :
x| a SBAS PPP
=
R 1.0p ... Ry=0.292 m, 5;=0.234 m, M;=0.175 m
= - 0.8F| .. R\=0.206 m, S=0.098 m, My=—0.182 m
4 { Eq 0.6/:|— R:=0.328 m, $;:=0.068 m, M;:=0.321 m
z -2f % odl
g 02} X
-4 n . 3 i . 4
0 3 10 15 20 25 F 0
B’“‘Ej/h B -0.2 - /,"“-.,‘\
b POST PPP z —04L] e
!
4 st04  2016-05-03 SBAS PPP e |
-0.8}i
POST PPP sk . . . ‘
Fig.4 SBAS PPP and POST PPP result for L IOWEI /h'5 A =
station st04 on May 3, 2016
b POST PPP
da SBAS PPP , 4b POST
5 st04  2016-05-03 SBAS PPP  POST PPP y
PPP . 3
[—1 m,1 m]
( N.E.U3 lm Fig.5 SBAS PPP and POST PPP for station st04 on May
I m ) N.E.U 3, 2016, where the y-axis is set to [—1,1] meter
RMS.STD MEAN. 4 ,SBAS
PPP . SBAS PPP o
U RMS 0.172m.N E RMS POST PPP
0.101 m.0. 094 m, POST PPP st04 ’
U 0.292 m.,N E 0.206 m,0. 328 GFZ
m;SBAS PPP 9] Mean 0.072 m, ITRF 2008.



1080
( STD)
st04 STD ,SBAS PPP N.E.U . s
POST PPP,U ,
N 6 st02,st03.st07. st08
GFZ
0.35¢ 100;
N SBAS PPP N - _ I SBAS PPP
030k ) BN POST PPPN I _ L _1POST.PPP
[EEEI SBAS PPPE 80} - ]
0.25 I POST PPP E ol
£ [ C—ISBAS PPP U £
2 020 _IPOSTPPPU [T; 60L
o = S0r
=015 E 10
® &
0.10 30¢
20t
0.05 @
Lalll Bl wl 1
0‘“9 Q\"’Q & Q"pb‘ . n‘?p &
A A AN
$§ §~r§ §$ @»f@
Hi#H B
a st02 JE (TR b st02 G {i7 W St [H]
0-40[ N SBAS PPP N 100+
d i B POST PPP N - B SBAS PPP
| [ SBAS PPP E 90} C—IPOST PPP
0.30 E=E POST PPPE g0l =
30 C—1SBAS PPP U _
£ 025 - C—JPOST PPP U = T0r
E 60t
E 5
=
X 40f
3|
20}
10}
0 AN Q _.n]-\_ > o &
v ’ p)
& & & & & &
& & F S S
DG S M S
H
>l S d st03 s ket i
0.35 — 120p B SBAS PPP
0,30, HEMPOST PPP N n [_JPOST PPP
[ SBAS PPPE : 9 100f
POST PPPE sE
- SBAS PPP U £ 80}
< 020, TPOSTPPPU I £
e R =
i = 60t
0.1 )
i 40t
0.10+ =
0.05 20¢
v S
S &S S
G s ol e @f N
f‘l f‘/ f» nb f‘/ %

f st07 7 fi W A fi]



7 . 1081

0.25 200

| EE SBAS PPP
: C—IPOST PPP
0.20+ [ 160}
< 140t
E 120

=

= 100}

liéoia)

60
[ EE POST PPP E 401
[CISBASPPP U 20k
oLCIPOSTPPPU | - o o
N~ o SO L R~ S <
Ny ;C(QF: b::f. & P Iy b‘\\"—) ‘cp. & N2 o 5 J((Qﬂ'
n}@ «9\ 9\ -.r“\ D S "9\ .19\ N '\9\ ,«9\ «9\'
B =)
g st08 ENLIRE h st08 5 {37 W S e [a]
6 st02,st03,st07,.st08 SBAS POST PPP

Fig.6 Coordinate precision and convergence time of SBAS PPP and POST PPP for stations st02,st03,st07 and st08
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Tab.3 Coordinate precision and convergence time of SBAS PPP and POST PPP
/min STD/m /%
E U /
SBAS POST N E km
SBAS POST SBAS POST SBAS POST SBAS POST
st01 2.7 52.2 0.078 0. 080 0.072 0.112 0.137 0.184 0.173 0.230 3.1 35.6 25.7 24.8 <C0.05
st02 12.6 81.4 0.075 0.093 0.095 0.133 0.129 0.199  0.177  0.257 19.5 28.5 35.3 31.1 <C0.05
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 53.2 0.077 0.124 0.082 0.119 0.154 0.307 0.191 0.352 37.6 31.0  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 <C0.05
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 24.6 21.7 341
st08 4.9 91.2 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
,SBAS PPP ,st09  SBAS PPP ,
6. 9 min, POST PPP , st08  st09
72.4 min. SBAS PPP N.E.U 694 km 582 km,
0.089 m,0.089 m  0.172 m, 500 km . .
POST PPP 0.108 m.,0.125 m 0. 214 m,
. s st06,st08,st09 s
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b
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