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AN, BDS-3 1 BDS-3 + GPS 34U Sitit (] /NF 20 min, - F 58 GPS R %5, HUWSIUR K o & T AE
ML A, BDS-3 A1 BDS-3 + GPS 4 & 4 dt K (north, east and up, NEU) J5 [i] 3 J5 AR ( root mean square,
RMS) BT 11 em , 5 GPS HiF 26 em. e [ 207K fh  PPP-B2b [y BDS-3 + GPS 414 NEU ﬁﬁ RMS 43
51247 0.028 m 0.074 m.0.081 m,WSLHfE]H 12.4 min, o
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Comparison and evaluation of BeiDou PPP-B2b and CNES
real-time products’ performance

JI Shengyue™ , ZHENG Qianli, WANG Zhenjie, HE Kaifei
(College of Oceanography and Space Informatics, China University of Petroleum, Qingdao 266580, China)

Abstract; For analyzing PPP-B2b actual service performance, PPP-B2b data and International GNSS ( global navigation satellite system )
service data for a period of 30 days as well as offshore shipborne dynamic data on 16 December 2021 were used for evaluating orbit and clock offset
accuracy and testing real-time PPP ( precise point positioning ) positioning performance. And compared with the corresponding results of CNT—
archived products of CNES( centre national d’etudes spatiales, CNES) . Results show that the radial accuracy of BDS-3 ( BeiDou navigation satellite
system phase Il ) and GPS (global positioning system) track of PPP-B2b service are 0. 07 m and 0. 089 m respectively, which are below CNT
0.041 m and 0.025 m. The clock offset accuracy of BDS-3 is 0. 029 m, close to GPS clock offset, better than 0. 057m of CNES product accuracy.
In the static positioning test based on PPP-B2b, BDS and BDS-3 + GPS average convergence time is less than 20 minutes, better than that of GPS,
and the convergence accuracy is higher than GPS. In the dynamic test, the RMS value of BDS-3 and BDS-3 + GPS in the NEU (north, east and
up ) directions are better than 11 em, GPS is better than 26 cm. In offshore positioning testing, the RMS value of BDS-3 + GPS of PPP-B2b in the
NEU directions are 0.028 m, 0.074 m, 0.081 m, and the convergence time is 12.4 min.

Keywords: PPP-B2b service; CNES real-time product; real-time precise point positioning; BeiDou navigation satellite system phase Il
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Fig.1  Precision product time series

¥ PPP-B2b 7 i L S AH [F] i 6] B A ) CNT
7Rl 3 GFZ I iR 2N % B I GBM AR L4
T R SR R O 1k, CNT Ry BDS-3 TLE A
C19 ~ C37, (A, 76 HL AL BDS-3 TLAEHLACII ~
C37(C31 BRob) Jyite

K2 183 fr7R 2y PPP-B2b 7 i LA K CNT
BuBiR 2. MWl 78 PPP-B2b 1) BiLiE i
e AR )R BE B, AT IR 3 R G, T 1)
DI BE S AR AR Z2 8O 5 CONT B BIUE A 242

0.6

el g B
05 ‘
E04 ‘
ﬁ )
B 03
ol
M
g 02f
[aly i
01 r [
I
0 |
N D~ N O 0N DOy S DN
0000800883808 0838800
TES

(a) PPP-B2b 52
(a) PPP-B2b error

o5 46 £
015
E o010
4
oK
=
& 005
0
RND ~ONyo SN OINoo DNy S o
S8go98o98880088888gyg
RS
(b) CNT %%
(b) CNT error
&2 BDS-3 {liHiR%E
Fig.2  Orbit error of BDS-3
038
(el LG %
g 061
£
)
T 04t
o™
Q
o,
a o2y
0 N0 RN DNM N O DO o O O o
o~ N o ~ ~
S OBESOEE S S SESS5EEEEE38E
RS
(a) PPP-B2b i
(a) PPP-B2b error
015
(el LG %
E o010
4
oK
=
& 005
0

(b) CNT %2
(b) CNT error

K13 GPS A%
Fig.3  Orbit error of GPS

I AR ) Y] AT B GE oK g, X AT fig
5 PPP-B2b 7 b A T [ X I GNSS [ 2%
WL 25 S, T CNT ) fiff i 4> 2k GNSS [ 25
Ko AL, 1 JE 30 d K % B IE FOKS B B 22 1
YA, 75 B T R 22 R G P TETEAL B0
ZERE LI IR TR T R LE R IR EZ G
PP 2EIRZE 1L A Clhred, \NF 1 H Al LLE H,
BDS-3 [ PPP-B2b 12 [n] i #5 FE #2 [ GPS [ 4f —
46 % 5 PPP-B2b ) BDS-3 i F T A2 [a] 55 #% 1
BN %



- 117 -

55 6 34 fitE 1,45 LSk PPP-B2b &5 CNES SEI ™ g PERE R LA S 1A
x1 BEEFREE
Tab.1 Accuracy of precise product
Hfii:m
pha fp2 Clkred Clkred
v 1 Z \é 7S ,t N
7 i EX (&l b 1] 1) RMS ST RMS STD
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PPP-B2b
GPS 0.089 0.500 0.371 0.913 0.028 0.883 0.020
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GPS 0.025 0.039 0.027 0.073 0.029 0.071 0.014
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KAl {3 IGS #9 JFNG A1 URUM 35 F- 2021 4F 7 A% AEHE EEIH
7H6 HES 4 HIE30 d MR 12021 4F r—_ 75 220
12 J1 16 H By b Sei g, b7 7 5555 . 55 PPP-B2b GPS 28. 80 4.91
B0 )R 5 25 PPP 4% PPP B Fh A =, BDS-3 +GPS  18.38 2.56
o B AL IR R ] T Net_Diff, 275 A 45 R BDS 0 15 33
;giiﬁiﬁ;ﬁ%ﬂgﬁé%o R 2P Sy Siid CNT GPS 6.19 1.00
BDS + GPS 3.44 1.15

R2 KRR
Tab.2 Processing strategies
R e
GNSS #4; GPS .BDS
GPS:L1/12;

SR 2
UL {F S BDS:B11/B3I

HAGL L A%/

. IGS14. atx
P RN A
KL R/ 30
BukmEAMA/ () 10
XU 0] A 7 ToHL B 24 A
SR R Saastamoinen %I +
U= PR 2 . -
e b L R A
TR BE 7 LR

3.1 #a7 PPP iEfh

TS F , PPP-B2b 7= 5 5 CNT ) NEU
J7T) 30 d USSR )RR 227 2 RMS 4k 3 ~ 6
P70 WS4 ) A A S Ok K T i s &
0.3 m, T E T ULELZE 0. 6 m,iELE S min [£HA
AR DR B W SORCSHUE Bedia 3 h iR 2217
¥ RMS,

&S5 JING MIHE AR ZE T RMS(#87)

Tab.5 Positioning error’s average RMS value of

JFNG ( static)

$1ﬁ;m

JHh EX N7 EJ5E U Jsla
BDS-3 0.006  0.025 0.036
PPP-B2b GPS 0.009  0.020 0.034
BDS-3 + GPS  0.008  0.020 0.029
BDS 0.009 0.018 0.032
CNT GPS 0.004  0.005 0.013
BDS+GPS  0.006 0.010 0.014

F6 URUM b RE LR ZE T RMS(#E)

Tab.6 Positioning error’s average RMS value of

URUM ( static)

FLAT m

F 0 NI EJri U JrT
BDS-3 0.018 0.018  0.044

PPP-B2b GPS 0.027 0.031  0.073
BDS-3+GPS 0.012  0.018  0.059

BDS 0.017 0.017  0.030

CNT GPS 0.005 0.008  0.009
BDS+GPS  0.005 0.013  0.011
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