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Performance evaluation of precise positioning and time-frequency
transfer considering ISB between BDS-2 and BDS-3

DU Chenxi', WANG Xudong', GU Yubao', LIAO Zhenxiu®
(1. Construction Company of State Grid Anhui Electric Power Co. , Ltd. . Hefei 230071, China; 2. School of Civil Engineering, Anhui
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Abstract; BeiDou Navigation Satellite System (BDS)-3 has officially provided positioning, navigation
and timing services to global users on July 31, 2020. Due to the differences in signal modulation
modes and characteristics between BDS-2 and BDS-3, there will be inter-system bias(ISB) when the
receiver receives and processes BDS-2 and BDS-3 signals. This paper adopts four random models: ig-
noring ISB(ISByo), ISB estimation as constant(ISBer), ISB estimation as random walk (ISBgw) and
ISB estimation as white noise(ISByx). GBM, WUM and CLK93 real-time precision products are used
respectively, Based on the observation data of BRUX, CEDU, CUT0, HOB2, HARB and PTBB, the
performance of mimic real-time and post precise point positioning(PPP) and time-frequency transfer of
BDS-2/BDS-3 combination was evaluated. The results show that the average PPP positioning accuracy
and convergence time of GBM and WUM products are both 1. 7 cm and 23. 3 min. The positioning and
time-frequency transfer performance of the ISB estimation strategy is slightly better than that of the

ignoring ISB strategy, and the data processing strategy of ISBcr is the best. The 3D positioning accu-

7S B H#I:2021-05-17 ; & B B #A: 2021-06-17
HEEWB: HE B RBEEEH FERE LA TR H (41906168)
{EE BT 3HRM 1989, I ZRA HE B 34 B F778 B R a5 4328 ) T AR .



%9

¥R M5 A BDS-2/BDS-3 8] 1SB 445 58 % A5 BBt 47 4% i3 4 f iR AE 1203

racy of mimic real-time PPP of CILLK93 product is better than 4. 0 cm, the positioning accuracy of ISB

estimation is equivalent to that of ignoring ISB, the convergence time is shortened, and the stability of

time-frequency transfer is improved. The average frequency stability of ISBer, ISBgrw and ISBywy is
8.03%, 25.32% and 24. 21% higher than that of ISBy, solution strategy in 60 000 s, respectively. By
comprehensive comparison, ISBcr and ISBpy strategies with BDS-2/BDS-3 combined PPP have better

positioning and time-frequency transfer performance than ISByy and ISByy strategies.

Key words: BeiDou Navigation Satellite System(BDS) ; inter-system bias(ISB); precise point positio-

ning(PPP); positioning; time-frequency transfer
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TCHATHIC S AL B, 41, BDS-2 Fil BDS-3 J2&
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code delay, UCD) F1 & % 1F 9 AH 7 #E 3R (uncali-
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2.1 RBHRERLERE
Jy AR R 1SB B LR Xt BDS-2/BDS-3

G PPP & o e I 45 4% 3 1k RE A 52 e, 2 B
IGS £ GNSS 52 ¥ (multi-GNSS  experiment,
MGEX) ® BRUX. CEDU, CUT0, HOBZ2,
HARB.PTBB ¥} /5 2020 45 7 H 8 H—2020 4F
7410 HAE 3 d A UL, R AERIBE A 30 s,
BRUX,HARB, PTBB 3 4} 4% & J& ¥ % » HOB2
il AN S B, T EAT B AR R L, BT
TSt Y REAE B LR 1 s,

&1 MGEX WFTEM i rIE R

ks U2 REKM et
BRUX SEPT POLARX5TR JAVRINGANT_DM H-MASER
CEDU SEPT POLARX5 AOAD/M_T INTERNAL
CcuUTo TRIMBLE NETRY TRM59800. 00 INTERNAL
HARB SEPT POLARX5TR TRM59800. 00 CESIUM
HOB2 SEPT POLARX5 AOAD/M_T H-MASER
PTBB SEPT POLARX5TR LEIAR?25. R4 H-MASER

BDS-2 5 BDS-3 #AHN M 245 3. 0 mm.,
PRRERE S Y55 R 0. 6 m, i i3 B A IE 5% PR EUE AL
GEO WLME A LR 10 4%, BDS-2 MEO 5 1G-
SO T & vy PARE f 22 {1 ] Wanninger £ H3 975 B £
BUEIE" . BDS 2 1 BDS3 45404 5. HLAK I %
Paab PR UK W3R 2 o), i 0 Ae AR 5 I PR
GNSS IR %5 (International GNSS Service, IGS) $#2 1E
1) SNX ABARIEAT XS e AT 5 A0k BE P-4 L R ]
EI1E R Allan 2= (modified Allan deviations, MA-
DEV) KA E INARAL 188 RS2 FE

R 2 PPPHIEAIERME

T H 28 fif SR Mg
R {1 245 7 BDS-2/BDS-3; B11, B3I
BibmEEm/ O 7
L7 BRSPS GBM/WUM/CLK93 7= i,

DCB CAS BSX j= %

Sagnac Z{ AR 2
HIRHE RN R e
REAMLE  PhWU g™
TR Ry E
PCO/PCV 1GS14. atx
3 A A ity A
BlpLih 2z vty S
I1SB W R RS | BERLIRE AT
L R AR IF 205 TH R — W 8 )2 48R
. . . [26]
SRR F#ZEIR : GPT+Saastamoinen #5751 2l 1F |
WRAEIR : HEHLIFE - GMF B g™
B S B T R AT R

2.2 BDS-2/BDS-3 EJ5 PPP L1840 47
BDS-2/BDS-3 &1 B2 i 5K E &

% (dilution of precision, DOP){EANE 1 s,

JUTE I (¥ BDS LI T A BAR Hh A 10 ~
17 iz 18], DOP ¥HEALF 1. 5 24 . 1B BDS iy
AT TS DOP B 5 GPS RGKF-AHY, 78 4
B LT GPS, CEDU,CUTO0, HOB2 H#h4b
WK A, BDS-2 5 BDS-3 5 Ji (1) 7 25 %00 R ¢
Uf- s AR [ DOP Y5 {H 5 15 AT ULEE B A FHoAth
M4, BRUX 5 PTBB Hu b [ 3205 BDS-2
(15 5 A A P 7 35 3 1 Kk £ 42 BDS-3 MEO
TA, S W T EHAZ , DOP H{E WA K.

HBO02 3% BDS C06,C12.C24,C25 T & £ i
MR 2 . & 2 BT, BIT A
() 22 AR R P A R, B2T A8 A5 1) 22 B AR W P /N T
A LA S . BDS-2 f77E 5 e FE A SEAH DG 19 T2
SO BE R 22, 1 BDS-3 Il & R AETE. &5
11, BDS-2 B11,B21., B31 1} 22 & 45 W 75 (g 44 7
#R (root meam square, RMS) {8 43 %Il & 0. 592,
0. 358.0. 401 m,BDS-3 1 B11,B31 1) £ & 1505
RMS {43514 0. 596.0. 397 m,

BDS-2/BDS-3 44 1SBrw i 151 F (1) PPP
WS LN & 3 iR,

F s E EVNLU J5 [ i RMS 43 341
F1.0.1.0.2.0 cm, HH,CUTO uf {4 Y5 SRS 7]
B HARB 7RSI 2o 78 v tf B0 T 38 43 Bk A2
%411, BRUX,CEDU,CUT0, HOB2, HARB %
PTBB 3l 5 52 28U (E.N J7 /T 10. 0 em,
U J7/NF 15. 0 cm, MY 115 D7 T T Uf i 2 4
FF 20 A P370) - E Jr il i RMS {E 43 51k 0. 69,
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0.72.,0.71.,1. 31,0. 87.,0. 58 cm, N Jy[[] i) RMS
{43514 0.51.0. 83.0. 54.,0. 64.,0. 54.,0. 78 cm,
U J i\ RMSE4350 2. 02,1, 93,2, 08,1. 19,

60r

EEH1/%

207

6 8 10 12
1IRGETT S

1.17.1. 34 cm, WSk E 435124 9. 0.14. 0.39. 5.
28.5.9. 5.31. 5 min, BDS-2/BDS-3 41 & # It
BDS-2 & (i PERE IR THE OL L3 3 g,

ENBRUXEECEDU IECUTO EHARB [JHOB2 (] PTBB
1 BDS-2/BDS-3 AIRIRE# 4% 5 DOP &

*B3I 190

*Bll  *B2I

Z Hi2/m

20 40 60

2.0
1.5f - ]
o
5. al
210
0.5}
0 —4:DOP iK1/ DOP
DOP 524
3r ‘Bl B2l B3I 790
2L . .
I 60
E 60
& o g
=g
»r 304E
.
5 A . 0
0 40 60
Ji7t/h
(b) BDS-2C12(MEO)
3 BIl +B2l +B3I 770
2— . LS
3 Y R
el 160 E
@ ok :
£ e
N-1F 13042
2k [ | } 'T/}\
-3 I, | 0
0 40 60
P17t /h

(d) BDS-3C26(MEO)

B 2 HB02 i BDS C6,C12,C24,C25 DE Z HBEREFT

J376/h
(a) BDS-2C06(IGSO)
3r . . “B3I 790
2r H : .o
< %
E 1f 60
ol &
50 i
M -1 : 130 2
ok q i3 . 1
-3 / ./\ e 0
0 20 60
Ji7G/h
(c) BDS-3C24(MEO)
- N =
0.4
0
#TEH -0.4 BRUX CEDU CUTO
w 04
0
04| | HOB2| . HARB| . PTBB
0 20 40 60 0 20 40 60 0 20 40 60
JiJG/h

3 BDS-2/BDS-3 484 1SBrw 5k B PPP Ui S5 i 25

i 22 3 A1, BDS-2/BDS-3 414 #1 k. % BDS-
2 WENIPEREA T N I R TR el
B FTRER) 5 AN 7E ECNLU Jy ] 35 5% 7

KEEE /AR T T 41, 63%.56. 33%.37. 10%. 1k
SRt [a) 45 /8 1T 87. 25% ., BRUX,PTBB, HARB
il LA DR K T A i 1X, BDS-2 WL A T8 0
B, 407 ) ORG24 5 T 40 %6 A b, e st
[ 4655 T3 90% . XFJRAS BDS-2 5t 3 35 545 11
WK F W CEDU, CUTO, HOB2 3 &5, %2 v P fig
WA HET

53 5 %7 BDS-2/BDS-3 [a] # ISByo ISBer
ISBrw . ISBwx4 FAb B3 % , ] GBM 5 WUM
FEB T S T IC S PPP g (RS B2 K eSS [
4 7w

FH &L 4 AT, KER 4 T AN [F) ISB Ab 341 55 s
Vi) 5 SR 1) 22 5 AN B g o (EDSC S ) i) 25 S 4
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Jeo AR i HARBL HOB2) 431 1SB #H E Ry € 4y AN [A) ISB 0 Ak 35w 8] %) £

78 1SB F)E (NG BEAT I T R L MAC B [ A5 T 484
e 3R HT T ISB SR LAY R W
(BT BDS %5 7 il b B SR M 25 35 7 A B 1Y)
AHICTE 72 1SB 2 AR B/ N I s SR F A 71 1SB B
ol Ak B W ] BE 2 E (R BE R R R
I, ISBer AH L ISBN()XE’LL PERE T % AT e 32 2 3 Ik
B B WL M 7 2 PR A 5 0 TSBrw AH LE
ISBro B HERE T R 32 22 32 BR T Bl AL o 2o 2 g
A B2 5 111 ISBrw #H H ISBao € 67 1 BE T K 1T BE

SRR S R X ISB R PR 2
%3 BDS-2/BDS-3 #tt BDS-2 E I aE2 A 1ER %
FENPERE
3 5, Wit
E Js1a] N Jrin] U JyIa]

BRUX 57.93 70. 48 42.74 97.91
CEDU 28.71 37.48 16. 34 78.95
CUTO 21.11 47.51 18.19 69. 50
HARB 37.33 62. 45 47.01 91.59
HOB2 44. 94 49. 06 47.38 96. 18
PTBB 59. 72 53. 00 50. 98 89. 34

It

O
BRUX CEDU CUTO0O HARB HOB2 PTBB

8 AW EEER E RS T A 5 0. &
g))ﬁﬁ"ﬁﬁﬁ GBM Fzm:l ISBro A ISBer  ISBrw « ISBwn
Qb 3SR W 1 = 2 S 50 RS BE S (E 3 oA 1L 66,
1.66.1. 96, 1. 80 cm, WS 6] 4351 & 25. 41,
21.33. 22. 00, 24. 83 min; ffi ff WUM =}
ISBro ISBer  ISBrw « ISByny A BRAEE X 1) = 4 7 {3
i BE Y4y 3R 1. 66,1, 66,1, 77.1. 80 cm. I8k
W] 43508 25. 41,21, 33.21. 58.24. 83 min,
Ji GBM ™ i 1) 2 57 ~F- 244 B2 Flse St ] 43 5]
1. 77 em.23. 29 min, & )5 WUM 7= 54 19 %€ {57
K B S0k et 1A 43 ) 1. 72 em, 23, 29 min, X}
LLAT %1, GBM 5 WUM 7= i B PR A — 2K,
ZE 5B/ N Al T 1SB AH LG 208 1SB AR R EE 1B 4
G TSRt Ta]

IHAD S TSBrw  ISBw 14 Z50HJ5 A2k FHE AL W A S50 1]
G0 AR BE A 2, TSBrew B4 S W 38 B2 TS
BEALYIE AL ()W P I 1 s ISBo 5 ISBer I (V4G B —
0, (5 ISBer A1 Eb ISBro B4 5 1TSS T
UL 2R 1SBer R AL SRR A 1L

0
BRUX CEDU CUT0O HARB HOB2 PTBB
b

(a) GBM/™= il

BRUX CEDU CUT0O HARB HOB2 PTBB

b

e S [)/min

r -ISBN()

W A W
(==
T T

20r

BRUX CEDU CUT0 HARB HOB2 PTBB
Dk

(b) WUM™= i
B4 7R[E ISB & IE%EE BDS-2/BDS 3 (A4 PPP E T g bL 5

BRF%% 1 , BRUX-HOB2 . BRUX-PTBB %%
(R 22 5 SN 5 7R . ASIR) 1SB b B IR fr) B
ZEFP AN —B 22 W 5 AT ISB SR e A 22 1
B Y A7 A 2R GE Ak B f 2% 5 e ISBer . 1SBrw s
TS By Ak FH R M 11 P i 22 /0 [ B 58 4 2 1
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