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Figure 1 (Color online) Comparision of O—C between different
receivers. (a) O—C of the precise oribt determination type receiver; (b)
O-C of the experimental receiver.
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Figure 2 (Color online) Comparision of pseudorange biases between (a) before and (b) after adjusting receiver loop parameters.
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Table 1 Comparison of pseudorange-bias characteristics before and
after loop parameter adjustment (unit: m)

PRN JiaEB 11 R JFEIEB3IY R
Lk 3il) k3G R R WG
1 -0.74 —0.21 0.02 0.06
2 —-0.38 0.03 -0.23 -0.15
4 —0.64 0.05 —-0.03 —-0.05
6 —-0.40 -0.19 0.13 0.12
7 —-0.50 -0.17 0.07 0.04
8 0.01 0.11 0.05 0.04
9 -0.39 —0.08 0.03 0.04
10 0.10 —0.04 -0.07 —0.08
11 0.21 0.02 —-0.02 0.05
12 0.56 0.09 -0.01 0.10
14 —-0.10 —-0.08 0.18 0.13
31 —1.51 0.03 0.74 0.76
32 -1.19 0.66 0.30 0.27
33 —1.49 —0.86 0.46 0.46
34 -1.26 -0.76 0.20 0.18
STD 0.63 0.36 0.24 0.23
MAX 2.07 1.52 0.96 0.91
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Figure 3 (Color online) Pseudorange bias serials before and after
filter parameters adjustment.
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Table 2 Pseudorange biases of B1I signal before and after filter parameter adjustment (unit: m)

‘ PRN32 PRN33 PRN34
ST —— — —— — —
R kLS R R AR R E
Jext 0.25 —0.18 —-1.11 —0.69 —0.66 —0.68
HraE 0.63 —0.03 —0.92 —0.49 —0.38 —0.42
g 0.75 —-0.17 —-0.93 —-0.71 —-0.53 —-0.57
T 0.54 —0.13 —0.99 —0.63 —0.52 —0.56
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Table 3  Statistical results of difference between anti-multipath pseudorange and narrow correlation pseudorange serials (unit: m)

BI1I B2I B3I
PRN
Rl ST Rl S b S
1 0.38 0.20 0.24 0.01 0.04 -0.02
2 0.11 —-1.62 0.11 -0.26 0.04 -0.19
3 0.09 —1.11 0.07 -0.47 0.05 -0.21
4 0.13 -0.29 0.12 -0.43 0.09 -0.12
5 0.22 —-1.21 0.22 -0.43 0.14 -0.18
6 0.09 -0.39 0.12 -0.32 0.07 —0.03
7 0.11 —0.85 0.22 -0.29 0.09 -0.04
8 0.12 —1.23 0.10 -0.43 0.08 —0.13
9 0.09 -0.79 0.09 -0.27 0.07 —0.11
10 0.12 —1.10 0.12 -0.52 0.11 -0.19
11 0.21 -1.29 0.19 -0.52 0.13 -0.09
12 0.54 —-1.56 0.26 -0.45 0.24 0.07
14 0.14 —1.66 0.16 -0.53 0.14 —0.10
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Figure 4 (Color online) Pseudorange biases between Beidou receiver
and Trimble receiver.
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% 4 BDS3LEAIE SN2
Table 4 Pseudorange biases of open signal for BDS-3 satellites

PRN B1Cd BICp B2ad B2ap B2bd B2bp BII B3I
19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20 —0.04 0.03 —-0.02 —-0.02 0.01 —0.05 0.12 —-0.02
21 0.05 0.05 —-0.01 -0.01 0.10 —-0.05 0.18 0.01
22 —-0.07 0.06 —-0.02 —-0.01 0.08 0.10 0.21 —-0.02
23 0.07 0.04 0.00 0.01 0.04 0.06 0.16 0.01
24 —-0.05 0.09 0.01 0.00 0.09 0.08 0.14 —-0.02
25 0.13 0.04 —-0.01 0.00 0.12 0.14 0.10 —0.04
26 0.08 0.01 0.01 0.02 0.16 0.19 0.18 —0.08
27 —-0.02 -0.14 0.00 0.01 0.09 0.11 0.27 -0.07
28 —-0.02 —-0.08 —0.03 —-0.02 0.06 0.08 0.22 —-0.03
29 0.09 0.02 0.02 0.03 0.17 0.18 0.18 -0.07
30 0.04 —0.06 —-0.01 —-0.01 0.18 0.21 0.31 —0.06
32 0.07 0.06 0.02 0.02 0.10 0.08 0.18 0.00
33 0.34 0.02 0.01 0.01 0.12 0.08 0.19 0.00
34 0.11 0.05 0.01 0.01 0.15 0.17 0.13 —-0.05
35 0.07 0.03 0.00 0.00 0.13 0.12 0.09 -0.07
36 —-0.14 0.04 0.02 0.02 0.04 0.00 0.03 0.06
37 0.10 0.07 —-0.04 —-0.03 0.08 0.08 0.17 0.06
38 —-0.11 0.08 0.04 0.05 0.01 —0.04 —-0.10 —-0.07
39 -0.23 0.09 0.04 0.05 0.07 0.05 —-0.09 —-0.03
40 —-0.05 0.00 0.03 0.04 0.06 0.03 —0.06 0.00
41 -0.17 0.10 —-0.05 —-0.04 0.01 —0.03 0.16 0.00
42 0.19 0.10 —0.01 0.00 0.08 0.07 0.17 0.04
43 —-0.02 —-0.07 —-0.04 —-0.02 0.07 0.07 0.30 0.01
44 —-0.01 -0.07 —-0.03 —-0.02 0.16 0.15 0.16 —-0.02
45 0.19 0.16 0.02 0.04 0.04 —0.01 0.31 —-0.03
46 0.41 0.18 0.01 0.01 0.12 0.09 0.29 0.05

STD 0.14 0.07 0.02 0.02 0.05 0.07 0.11 0.04

MAX 0.64 0.32 0.09 0.09 0.18 0.26 0.41 0.14

ZRKmZ T LA H, GPSEEZIAL2CHH I w2
BA, #PEFAMEZNO.ISm, & AMZEN0.67m,
GPS T Z [A]L2CHh #Efm % 5 BDS-3  B1CHHE > 5 AH
2, LICAPhR W 2 5 HAfe s B /EBDS-3 BICH
S Y, LSCHE M Z i/, % T ERHEZEN
0.07 m, A 40.30, L5C5 H 3% Hig/EIBDS-
3 Bafs SAHLLOYIE R 22 55 K. GPSFTA AFHE 5 hiE
22 B RN R R RFCNL2C>L1CA>LSC.

Kl 6(a) M (b) 7 B NL2CHILSCIE 5 B2 0-CFK
K, ErRERT A EEREO-CHFS, FTHE
FEIR T O P 22 22 5 fe o K I PR I B 20— C T
H. 62T LAF X FL2CIE 5 % P RS B &1
PR (w22, FRERPRNSIIR) (o pi FIARRPRN3 1 (1) 7 (035
TEAEAEAE R E R EIL AR, IWE6(b) T EUE X TL5C
55 % TR Z (81 O BB 22 B 6 (a) Bk /s, (EAK SR
TFAEREE 7 2B
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Figure 5 (Color online) Pseudorange biases between BDS-3 satellites. Pseudorange biases of (a) B1C data branch and (b) B2a pilot branch.

5 GPSEAFESHEEWZE

Table 5 Pseudorange biases of open signal for GPS satellites

PRN LICA L2C L5C PRN LICA L2C L5C
1 ~0.06 0.08 -0.03 19 0.12 - -
2 0.11 - - 20 0.06 - -
3 0.00 0.00 0.00 21 0.04 - -
5 0.08 -0.06 - 22 -0.01 - -
6 0.00 -0.12 -0.04 24 -0.07 -0.17 -0.05
7 0.04 0.01 - 25 -0.10 ~0.03 -
8 -0.05 0.22 -0.15 26 -0.03 0.04 -
9 -0.10 0.00 0.01 27 ~0.12 ~0.12 ~0.04
1 0.11 - - 28 0.07 - -
12 0.04 -0.20 - 29 0.1 -021 -
13 0.06 - - 30 0.03 ~0.14 -0.01
14 0.12 - - 31 0.02 ~0.45 -
15 0.09 -0.03 - 32 0.00 0.14 ~0.02
16 0.04 - - STD 0.08 0.15 0.07
17 0.04 -0.13 - MAX 0.36 0.67 0.30
18 0.24 0.1 0.14 - - - -
5 igFLEie We. BRI, 3R S A0 dh RS AR S 5 H
JU AN — BN, Oy R 22 8 TR S R T
PEMGESHAGENNEMES LRRESZE  WERNESBR, SBRGMSIERER. AN

TR S A B 28 PLB R EESEMR, BT
AR RRE SRR AR, #151% Mm% A st E i
BWCHUBE AR SE IR WG T A A BACR S I B il
DR Z AN, AR 1% 22 A st il T2 A A 22 IR

PO s A T g 7 T BETE T B RO B S
B SR Z RSP TR TR HOE I AR S 43
oty 55 D B O 22 (K 73, 15 H BRSO L3R i 2 M0
AE R MR FEAR 2 2 IR R Dy BRI 225 ST 2 A2 SR RE G
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Figure 6 (Color online) Pseudorange biases between GPS satellites. Pseudorange biases of (a) L2C signal and (b) L5C signal for GPS satellites.
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Pseudorange-bias characteristics and the weakening method of
BDS satellites

CHANG ZhiQiao', LIU Li'", HU XiaoGong’, GUO Rui', WANG DongXia',
ZHOU ShanShi’ & PU JunYu'

' Troops 32021, Beijing 100094, China;
* Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China

The nonideal characteristics of a navigation satellite signal will cause a pseudorange bias, which is manifested by the
same type of receiver with the same pseudorange biases and different types of receivers with different pseudorange
biases. When the technical state of receivers providing the navigation product is inconsistent with that of the users, the
pseudorange bias will cause degradation of navigation and positioning service performance. In this paper, the
pseudorange bias of BDS (Beidou Satellite Navigation System) is calculated using the ultrashort baseline pseudorange
double-difference O—C (Observation Minus Computation) method. A large bias of B11 is obtained between two different
juxtapositional receivers in the early stage of the experimental satellites. Thereafter, three methods, including the
adjustment of the parameters of the loop of the receiver, a change in the multipath reduction algorithm, and an adjustment
of the filter parameter of the predistortion of the satellite, are designed to reduce the bias. Experimental results indicate
that the adjustment of parameters of the loop of the receiver can significantly reduce the pseudorange bias between the
satellites, and the standard deviation of the pseudorange bias of B1I can be reduced from 0.63 to 0.36 m. Compared with
the antimultipath observation, the observation of a narrow correlation can significantly reduce the pseudorange bias, and
the standard deviation of the pseudorange bias of BII can be reduced from 0.36 to 0.18 m. Further, an adjustment of the
filter parameters of the predistortion of the satellite can reduce the pseudorange bias of a single satellite by 0.3-0.4 m.
There is no fixed reference satellite to evaluate the pseudorange biases of BDS satellites. A non-real-time double-
difference O—C method that is based on the same external time and frequency controls of different receivers is designed
to calculate the pseudorange bias. Employing this method, the characteristics of the pseudorange biases of BDS and GPS
(Global Positioning System) satellites are compared. It is confirmed that (1) pseudorange biases exist in both BDS and
GPS satellites, (2) the pseudorange bias of the L2C signal of GPS satellites is equivalent to that of the B1C data branch of
BDS satellites, (3) the pseudorange bias of L1CA of GPS satellites is equivalent to the interoperable B1C pilot branch of
BDS satellites, and (4) the pseudorange bias of L5C of GPS satellites is larger than that of the interoperable B2a signal of
BDS satellites.

BDS, pseudorange biases, double difference, predistortion filter parameters, correlator spacing
PACS: 95.75.Wx, 95.75.Pq, 94.20.Vv, 95.10.Eg
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