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a Introduction N

In recent years, Real-Time Precise Point Positioning (RTPPP) using BeiDou Navigation Satellite System
(BDS) Is facing new developments thanks to the dissemination of BDS real-time State Space Representation
(SSR) corrections provided by some institutions. In this contribution, the quality of BDS real-time products
provided by CNES, as well as the performance of BDS standalone RTPPP and BDS/GPS combined RTPPP,
. are assessed and validated.

. 35 — . — . . — . — . .
Assessment of BDS Real-Time Products _ N
g 30T M Along [
% o5k M _ B Cross ||
CO01 —1 S -
co2 E_ ,_,EJ 20
CO3 e - ® o e eo® o o o + B B _ —
co3 - - 5 15
CO5 ¢ e D aanD G TGEDe ¢ GEEEEEEEDGe o o e» co® o o (\2/ 10
COo6 - o - e o000 ®© o o®e o0 ¢ o e coo® o o- (é) -
CO7F e e - e @ e eseoe o O oo o o®|e o00| ©¢ o ee® © oo® ® o 5 -
C08 I+ o ® @ e e evo®® o O ®© O o®e o0l ®© o o ® o0 ) o- = I I I I
CQ0O9 e o o o e GO 0 COEPe 0O 0 O O o®|e o9 o e @ co® o @ o 9] 0
P . - cw ! @ o woese o® o ocole el © o @ oo o . o C06 C07 C08 C09 C10 C11 C12 C13 C14 G06 G17 G23 G30 CO01 C02 C03 C04 CO05
ciit ®© |oe@| @ o wescome o cocole ool o o com oo o e Flgure Orblt RMS for each individual satellite
Cl2 e o @ aseee e0e0® OO ® o o®le el ¢ o @ eo® o - 0.6 o2—mmm——————— — ]
Cl3 o o @ as e eo0o®e o O ®© o o®e oo ©¢ o e co® o o
Cl4 e oo © @G0 e 000 ©0©® o0 O o®|e @ o o oo® o o e N o5t E
gg_)?: © e oeoo®0® o ®© o0 o0l ©¢ o e eoo® o o- % 1.5 2 § 0.15
G23 F @ ®e oe®0® o ®© o0 e/ o o e co® o o O‘ 0.4r é 8
G30 F o e eoeooc®0® o ®© ©o|le el ©¢ o co® o o- LL L=
! ! ! ! ! ! ! | ! ! ! ! ! % 0.3t 1 O + 0.1
0] 12 0] 12 0] 12 0] 12 0] 12 0] 12 0] 12 0] O (LI_'J) 8
DOY251 DOY 252 DOY 253 DOY 254 DOY 255 DOY 256 DOY 257 g 0.2 E g
Figure: Unavailability of real-time corrections during DOY 251-257 in 2017 I‘e’ 05mn W o005}
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> Four types of unavailability: » O %
(1) all satellites unavailable at some epochs (e.g. the rectangle area) Ooraogoqantorng Sangn O S moon
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--mainly originates from network outages on the user or caster side Figure: Clock STD Figure: Signal-in-Space Rangi
(2) all BDS satellites unavailable at some epochs (e.g. the oval area)
--may refer to the outage of BDS priori orbits RTP P P TeStS and Anal Ses
(3) temporarily unavailable for some certain satellites y
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--may refer to the failure of processing chain or lack of tracking
stations on the ground
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(4) long-term unavailable for some certain satellites (mainly BDS-GEO) S £ ozl £ oz
--directly refer to the outage of GEO priori orbits in the BDS ultra- i 02 | 402 g 02
rapid products o || | ol |
--Intrinsically refer to the inherent difficulties for predicting the GEO A A A
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orbits and the scheduled maneuvers Figure: BDS standalone RTPPP on DOY 251
DAEJ JENG SIN1
1 - - - - 1 - - - - - 1 - - -
0.8I N | 0.8} 0.8 N |-
10 ; ; ' 1 ' ' ' 0.6} E 0.6} 0.6
PRN:C03(BDS-GEO) PRN:C07(BDS-IGSO) ol ul. 0l 0.4
E 0.2} 7 E 0.2} E 0.2
S 0.5 5 o-vmmﬁm 5 Oif 5 0
w -0.2 7 w -0.2h w -0.2f
Mo -~ -0.4 H( 1 -0.4 . 0.4}
-0.6 . -0.6 . -0.6|
0 M Or -m: -0.8 . -0.8} . 0.8} ]
T P \-—-F{ o 1 2 3 4 5 o6 o 1 2 3 4 5 6 o 1 2 3 4 5 6
| i Time / h Time / h Time / h
5 i 0.5 \ i Figure: BDS/GPS combined RTPPP on DOY 251
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O || ' > BDS standalone RTPPP in kinematic mode:
O O ﬁ:}-«’“ )m: | --the positioning errors in the north, east and up components can all
N remain within 0.2 m after a period of convergence
05| ~ ol --there exist high-frequency noises and some jumps in the positioning
Gapi Gapi errors, which are related to the unstable quality of BDS real-time products
19 . " 18 2224 % . " s 22 oa » BDS/GPS combined RTPPP In kinematic mode:
Time /h --accelerate the convergence
* Radial Along ° Cross Clock

--Improve the accuracy
--remove the outliers and smooth the curve of positioning errors

Figure: Real-time orbit and clock biases referring to GBM product on DOY 251
» Originates from the updates of priori orbits (i.e. the ultra-rapid products):
--IGU products (providing priori orbits for GPS satellites) are updated
every 6 hours S - Conclusions -

--GBU products (providing priori orbits for BDS satellites) are updated . .
(P Jb ) P (1) BDS standalone RTPPP can provide an accuracy of decimeter- to

every 3 hours . .
centimeter-level after convergence, but suffers from the issues of
» may bring about some jumps and re-convergences to BDS standalone unavailability and discontinuity at some time.

Kinematic positioning results

(2) BDS/GPS combined RTPPP can improve the convergence speed,
. accuracy and stability. .
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