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Influence of satellite differential code bias on BDS-3
dual-frequency precise point positioning
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Abstract: To explore the influence of BDS-3 ( BeiDou navigation satellite system phase Il ) different frequency combination satellite DCB
(differential code bias) on PPP( precise point positioning) , the BDS-3 different frequency ionospheric-free combined satellite DCB correction model
was derived and performed DCB correction experiments by seven different dual-frequency combinations based on the observation data of four MGEX
stations during seven consecutive days. The results show that the DCB correction has a significant improvement of the PPP accuracy in the initial
epoch, which helped to converge the filtering and improve the RMS of the single-day solution, but weakly in the final positioning accuracy. Although
the positioning accuracy of the B2a/B31 and B2b/B3I combinations’ convergence speed are considerably thinner than other combinations, it still
enhances after DCB correction. Otherwise, the positioning accuracy and convergence time of the other 5 combinations are equivalent after correction.
The RMS of the static PPP single-day solution is about 5.50 cm, 2.50 cm, and 6.25 c¢m in the E, N, and U directions, which are approximately
20% ~65% higher than before. The average convergence time, an increase of about 6% , is 38 minutes. And the kinematic PPP, an increase of about
20% , is 59 minutes. The final positioning accuracy is better than 5 ¢m in the horizontal component and 7 ¢m in the elevation component.

Keywords: BDS-3; differential code bias; precise point positioning; accuracy; convergence time

bt =% T8 i & 4t ( BeiDou navigation
satellite system phase I ,BDS-3) & IEZ T8 R 5,
MIEF BDS-2 fE 25 [l {5 5 R B A5 5 1Al
SEJT AR BT et , JFRE sk P 4R kS
ST E L P BE BE R S RS Y

YRS A :2021 - 10 - 13
BEEWE : [[K A RPAA ST H (41874041)

BDS-3 @3¢ B1C(1 575.42 MHz) .B1I1(1 561. 098
MHz) .B2a(1 176.45 MHz) .B2b(1 207. 14 MHz)
T B3T(1 268. 52 MHz)5 A~ 2= 2 Forf BIC,
B2a 15 B2b L HHE AR

2574 2= ( differential code bias, DCB) &4~

FE—EE AEE (1997—) , 5, TN S BH A, 101584 , E-mail ; duyanjun@ stu. xust. edu. cn
R TUMK(1972—) 53, O RFE A, BRSE 5, -1, B2 S0, B-mail:13891907401@ 139. com



o1 4]

KA S5 TR 220 i 2 X0 L 3 =5 RUBURS B B (oL ) 2 ) 43

[Fi) 50 46 ] — A3 3 A [ 300 A g T R 2 AT AL
R 3 B Y I AE 22, TR HE AT RS OB S E
( precise point positioning , PPP) fi#32 i} , B2 ICHL vt
DCB 3 JH 55 3 H WL o 22 v i 17 2 5l 11,
ifii T2 A2 3t DCB U S e o Sk [9] %
BDS-3 AN [R5 s #E AT U TG H, 89 2 21 5 5 r i
B, Bk BII/BLC R F I | 0L I W 7 R e 125 ik
178 b, Hoax a4 G 1 RE F AT AL 3
Mk 10 145 T BDS B1 B2 B3 i & B XS TG
HLE 245 PPP DCB Bk 2 2, I 20 A Hoxd
(RS FE 520 5 SCHR L 11 ] X BDS A [6] fh B 2H &
i) DCB ¥ 1F 85 B4 3k 47 7 B R 5 AL 0 B s 3C
BRL 1214047 T BDS XL, =4l TGD Jz DCB P IE
RREH T B 5 VRS B R 52

HHj,BDS PPP T A % DCB W 5% £ 75 F 43
B B1 B2 B3 #i 5, % T BDS-3 JFiiii i, © A X
kXt B1C/B2a 445 A7 21k s A X0, =
414 DCB MUE MR 7 (A A 4L (1
DCB 54>, 3Tt , ik — 2570 #r DCB 2k
TS AV M B Y 20, AR SCHES T BDS-3 AN ]
Wi TCH B )2 A 1 T A v DCB MUE R RS, SR
FH 2 GNSS 2256 11 %] ( multi-GNSS experiment ,
MGEX ) i35 il $0 408 2 17 PPP fif 53, DA o7 A 2
B34 77 H2 (root mean square, RMS) | 5 2L %€ v K
JE A BSOS 1] 45 5 T 255 3 Bt BDS-3 A [e] 43 £
HE 1 DCB BIE X =g A 1520

1 HMFEK DCB IERE

1.1 PPP Wi FFE
PPP i 5 b i HDBUSUC L 5 J2 4 A T B vl 5
JE— BT ER 22 , 5 SOR FAS TR B3 1) O 1 % 280
WAL WL A 0 AT 20 5, 6 A UL 7 2 4
A (D) MA(2) FroR.
Pi,IF =p, +c(dt, —=di”) + T, +br,IF — by +‘9i,IF
(1)
L w=p, +c(de, =de”) + T, + AN, +
AIF<Br,IF _B;F> +§;,IF (2)
oo Py L e 2393 S O R S T2 4 5 1 D BE
BPAROE I EL 55 F v 23 3G TR AL 5
IF 7R P JC L B 2 21 5 s oy s TR IR
HLZ 8] AR LA B B 5 ¢ DR L2 R B Ol 5 de” il dle,
G R TR B AW 22 5 T SR R J2 SiE 3R 5 by
b, 1 73 1 DRy T3 12 i B FR SO S 14 Oy B A6 7 S
J&a/\le‘jﬁ{ﬁ{Ezﬁ9N:IFﬁ*ﬁﬁﬁE»BIF%H B.,IF%?J'J
TR S MO L A 2 SE IR 5 &7 o F1 €7 1 23901

PABE B 2B I e
1.2 BDS-3 D Eix DCB M IE#=E

H i , 78 ] b2 i 5 o & A1 ) BDS-3 GBM
FEREP 25 o BT B11.B31 Jor &5 /2 41 4 0
HAEF A, i BIT 5 B3I 4140 ANFEE M IE , M7
AT A 2H A T35 B I I ol e 22 7 i 5 R
R,

GBM A% 7 b i) A 228

(Fivts —dr _ffm ) sz _fim T
fBlI _fB3I

Ao et ol R B TR 22 S R S
Sk BIL A B3T 855, 7y, Fl 75, 5300 o8 B1L Al
B3T3 pii A9 T2 1 i 2 B IR S5

R a 5 b TG, WAL S T A
e IR 1) TR 22 an=C(4) s
Lonsfin

fo=h

ARG R A5 3] BT A1 B3I H 5
S 5 N S

(3)

de, , =dr” -

ey, =de +b}, (5)
A, 0, WA EREE T M a 5 b B A AR T
2 S DO BE A SER , LRSI AR »
b =f%;11 " Ton _f%m " Toal fi ‘T _f12, T

b 2 2 - 2 2
o fBlI_fB3I fa_fb

(6)
HE R B B & AT B DCB 7 i 2 S R
BDS-3, HHA 5 an=(7) Fis .

DCB ix _csx = 7'1531(: _TTm

DCB ¢y, 1 =7'51111 _7';3?1 (7)
DCB ix _co1 = Thic — T
DCBClecn :7';1(; _T?;Zb

B (7)) RARK(6) , BI AT BDS-3 454 13 G

HL B 24 A TR o DCB BUEAR, an=Xi(8) fr,

2 IB/ESH

2.1 HFERERLGEFR

943 # BDS-3 1A ¥ DCB B IE X PPP [ 52
Mo, A SR 2021 426 H 13 HE 20 H (4 H
%164 ~ 170 K) iELE 7 K 4 > MGEX Jf 25 ol
(CHPG .GODS \LPGS \WUH2) 1) BDS &4 24 h Wi
DUESCH A T AN [R) A S5 20 B 1) PPP AR B RAE 3
30 s FR L BE A T AR R P ] b2y
TFF5E H L AT ) GBM K 25 5L g FIORG 28 22 , I vy
B AR AN EFR GNSS AR 554041 (international GNSS



44 - [ 7 R4 K % 2 i 46 %
7s _f%m ) DCBCZI—CG] f%sza ) DCBClecsx
bBlC,BZa = 2 2 - 2 2 = DCBx o
an _fBSI fB]C _fBZa
b _féZh * DCByx oy, f?an * DCB oy -1 DCB
BIC,B2b — 2 2 - 2 2 - CIX - C61
S = San =
bt _f%m * DCB oy _ o _fiZa * (DCBy et = DCBx 1 + DCBix _csx)
BII,B2a —
f%m _f%m f?m _f?m
b :f12331 * DCB oy, _f12321, * (DCBCZI—C()I - DCB x4 +DCBc1x-c7z) (8)
R T [ =i
b :fin ) DCBCZI—CGI _ffm: : DCBCIX—CGI
e f%m _f%m f?%l() _f%m
Is :szlI * DCB oy _f]232a ) (DCBCIX—CGI _DCBmx—csx)
pn il ffan _f?SBI féZa _f}2331
bt :ffm ) DCBCZI—Cé[ _ffzzh ) (DCBCIX—CGI _DCB(zlx-mz)
el f%%ll _f%m ffazb _ffm
service,IGS) & A7 [] SNX {4 $k45 , DCB 2 1E 12 12
SRR I E R B & A 1) BSX U < T 10
i1 F BDS-3 w3k 7] 4§18 ( geosynchronous ”ﬂ z Z §
orbit, GEO) WAL A #% % BIC . B2a B2b {55, 5 & | I, &
Phscss HfdE A C19 ~ C46 #EATiR5E, O A SCHRER 2 2
W1 BLC/BIL 2L A LI F | R3S A HEAT i i P E T PR

B ARSCAERTIISE B b & B B2a/B2b [ BE AR
WA ENL, HOAS R I IR AL AT 9200 . 7R K
PR S SN B1L/B31 2043175025 PPP fi
T HAG L, 2 J5 R B A AS R Eicdi A B 7 5
J5 % 1. %} B1C/B2a, BIC/B2b, B11/B2a. B1l/
B2b .B1C/B31.B2a/B31 F1 B2b/B31 3t 7 Fli K [A]
(RO TG L B 2 41 5 AT i A PPP R, ol &5
PPP it B R FH AT 5 FRAR S 415, A2 18 DAL v
) DCB 2 1FE (NO-DCB) 5 758 2: X % 1 HoAs ]
HATEMA P A TR S DCB B iE, H AR kb H 5
W35 A ]
22 AIRDEHRNEBERTF

S3HT T BDS-3 (% R UL T3 B K A RS B R
¥ ( position dilution of precision, PDOP), & 14
GODS ¥ 4F f1 H 45 168 K& BDS-3 1] I, TV & %
PDOP {fi, & 1 A 1%.BDS-3 By Al WL T2 HHN
5~11,F444 7. 4;PDOP 7£ 1.4 ~2.7 Z[a], F-y
239 2.3,
2.3 B PPPREES

WIS 1 57 % 2 iE4T BDS-3 i 45 WU
PPP SC5G B PR KA 45 S A bn 5 AR 2 R 1T
H RMS WSt ) Ay % 2% 20 A58 E N U =4
D7 a1 22 57 A 25 1/ F 10 em T 75 11 15F (8], K¢
24 hfft )5 10 NPT I 22 1 RMS 4k e 4%

g

K1 BDS-3 H] L TLR% ) PDOP
Fig. 1 BDS-3 number of visible satellites and PDOP
SERIREIE . [E2 O GODS SH4ERL A 45 168 K B11/
B3I 4145 24 h @ NLER I ] P51 4]

g 050
< 025 E=sN==U
o 0
ﬁz
& —025
H 50 . . . . .
0 480 960 1440 1920 2400 2880
Vg

&2 BII/B3124 h EhiiRE
Fig.2  24-hour positioning error of B11/B31

HIE 2 7] L &, BIL/B3T 404 Uk 84 )5 2
Pl 3l 7 92, B a o3 A A5 0k S Rl £ S
34.7 min, Fr 458 NLKE FEAE K Ko R ) -
BT 2 em,

BI3~9mti Tl 5 2 HHEAR
FPER) GODS u5 55 168 KIE E N U =/~ J5 )
T 100 A~ J3 IC Y A A i 22 B[R]y 4, B 10
TRV E2 MERAEMKEE, £ 1 5t
THEISHE2HEE N UJNERKRMEE
frf 25 /) RMS, 38 2 4l SCR[ 1S IR T H %
Hr 7 Flt BDS-3 XU TG H 85 )2 21 45 A BRI R S
R AT



o1 4] KA S5 TR 220 i 2 X0 L 3 =5 RUBURS B B (oL ) 2 ) 45

1.0
g 05

—— NO-DCB ——DCB

—0.5
—1.0

40 60 80 100

b

(a) E

1.0
0.5

—NO-DCB ——DCB

ik

AN/m

—0.5
—1.0
0

20 40 60 80 100

b
(b) N

1.0
0.5

—— NO-DCB ——DCB

AU/m
o

—0.5
—1.0
0

20 40 60 80 100
g

(¢) U

K3 BIC/B2a &z PPP &1 5 %2
Hil 100 A~ T3 7 it 22 f 18] 7 51)
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Tab.3 The average convergence time of

static PPP in scheme 1 and scheme 2

" St il min VESE )
ES Fg2  BUERTIR%
BIC/B2a  41.8 37.8 9.6
BIC/B2b  40.9 38.6 5.6
BI1/B2a 37.8 37.4 1.1
BIV/B2b 435 39.2 9.9
BIC/B3I  41.3 41.0 0.7
B2a/B31 76.4 74.4 2.6
B2b/B3T  199.1 126.3 36.6

E N Jj ], LPGS 35 £ 32 P B s 2H & v o 60 4G
JE 25 i SOt ) G, G Dt IR T R 2 22 I 1Y
LPGS 3 F-3 0] W TR ECK 6.0, I F A = uh3y
i 7.7, X% LPGS B2b F1 B3 #ii 55 %48 9617 i 1=
MG BE e B R R, TR B AR T 10°
mt, B2b A1 B3I % 35 52 4 R 4 5l 94. 34% Fil
93. 67% ,B31 B3 i 22 [t 42 50 W A A B Mgt s A G,
HZ 1% RMS Jy0.38 m, fhBE B A RMS Jy
0.53 m, H. A& B2a/B31 fI B2b/B31 2 & M 75 ik
KEFL K, ERRAME, 2B R .
2 IR 1 ARSI A PR AR, o B2b/
B3I 414548 F+ 49k 36% ,B1C/B2a 5 B11/B2b 4
T2 10% , #&AT 5, K B2a/B31,B2b/B31 414
WSt ) KA, 28 DCB R J5 1) BDS-3 XU G
HL B 24 PPP IS [A] 24 38 min, #R MCIE
AP TH24 6% o

2.5 FEPPPMEBESHT

A PPP HA )z B N S AN (B,
iE—243Fr DCB MUIEXT 27 PPP PR , iE
FTYDsh A5t B LPGS uf B4 i & A 1,
B2a/B31 Al B2b/B31 41 45 WL e 7 PR F- 1 K, 512
B AR FHH A =l B A7 5 R s A R LA
EN.UJ5 &S 10 A 370/ T 20 em #1243l
& PPP IS,

B 12 Shghas PPP 7% 1 575 2 & i
FaRE, 4 Git Tah& PPP L 1 5% 2 1)°F
S St fa]

12 S5 4 Al 742 2 307 28 1 Bl
[ 54 4Tt , Bk BLC/B31£27+ 4. 0% 4, Hr 4
BHTF 18% ~27% , SIS ] A 59 min, 45
RIIERT PR TF2 20% o B &2 0k 1 7 i,



KA S5 TR 220 i 2 X0 L 3 =5 RUBURS B B (oL ) 2 ) 49 -

o1 4]

10
| [ = [ ~ v
M 2+

0 1 1 1 1 1

BIC/B2a BIC/B2b  BII/B2a BII/B2b  BIC/B3I
WA
(a) TR
(a) Scheme 1
10
| [ = B v I
g
2
& tr
® ool
0 1 1 1 1 1
BIC/B2a BIC/B2b  BII/B2a BII/B2b  BIC/B3I
WA
(b) Jr%2
(b) Scheme 2
K12 ghs PPP IR 2 g R L
Fig. 12 Kinematic PPP final positioning accuracy
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Tab.4 The average convergence time of kinematic
PPP in scheme 1 and scheme 2
WL S ]/ min 2z 0 By
ya ¥ UEPE T
FEI nE2 R
B1C/B2a 74.8 61.3 18.0
B1C/B2b 80.7 58.9 27.0
B11/B2a 71.4 53.7 24.8
B11/B2b 72.0 54.3 24.6
B1C/B3I 67.6 64.9 4.0
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