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BDS/GPS Dual-frequency Carrier-phase Single Point
Positioning Model and Accuracy Analysis

LI Jin-long, WANG Bing, WANG Ai-bing, ZHU En-hui, YUAN Hong-yue

(Beijing Satellite Navigation Center, Beijing 100094, China)

Abstract: For offshore engineering real-time meter-level absolute positioning requirements, a real-
time single point positioning method based on dual frequency pseudo range, carrier phase observa-
tion and simultaneous estimation of receiver position, receiver clock offset and carrier phase ambi-
guity is proposed. The results of static data collected from 14 stations in Asian-Pacific region show
that the RMS values of BDS in horizontal and vertical directions are 1. 33m and 1. 81m, those of
GPS are 0. 60m and 0. 85m and those of BDS/GPS are 0. 56m and 0. 72m. The results of shipborne
kinematic tests show that the RMS values of BDS in horizontal and vertical directions are 1. 40m
and 2. 46m, those of GPS are 0. 69m and 0. 90m and those of BDS/GPS are 0. 65m and 0. 83m.
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Tab. 1 Comparison of precise single point positioning with carrier-phase single point positioning
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Tab. 2 Overview of static test stations
AL S A
W3l UL K
B/ L/ H/m
BSNC ComNav M300 HX-CSX605A 40.1 116. 3 50.9
CKSV TRIMBLE NETR9 TPSCR. G3 23.0 120. 2 59.6
CuUTo TRIMBLE NETR9 TRM59800. 00 —32.0 115.9 24.0
DAE2 TRIMBLE NETR9 TRM59800. 00 36.4 127. 4 116. 8
DLTV TRIMBLE NETR9 JAVRINGANT_DM 11.9 108. 5 1585. 3
EUSM TRIMBLE NETR9 JAVRINGANT_DM 5.1 100. 5 18.8
GAMG SEPT POLARX4TR LEIAR25. R4 35.6 127.9 930.0
HKSL LEICA GR50 LEIAR25. R4 22.4 113.9 95.3
HKWS LEICA GR50 LEIAR25. R4 22.4 114.3 63.8
JENG TRIMBLE NETR9 TRM59800. 00 30.5 114.5 71.3
IJNAV TRIMBLE NETR9 JAVRINGANT_DM 21.0 105. 8 34.8
KMNM TRIMBLE NETR9 TPSCR3_GGD 24.5 118. 4 49.1
LHAZ LEICA GR25 LEIAR25. R4 29.7 91.1 3624.7
NNOR SEPT POLARX4 SEPCHOKE_MC —31.0 116. 2 234.9
£3 KXEHEGDNHEFH DOP EFM TN T EH
Tab.3 Averaged DOP values and the number of visible satellites during the test (three days)
de=t GPS 4t/ GPS
Wk
HDOP VDOP NSAT HDOP VDOP NSAT HDOP VDOP NSAT
BSNC 1.6 2.0 9.0 1.3 2.0 7.3 0.8 1.2 16. 2
CKSV 1.3 2.4 9.8 0.9 1.7 9.0 0.7 1.1 18.7
CuUTo 1.3 1.9 10. 2 1.0 1.7 8.7 0.7 1.1 18.9
DAE2 1.7 3.0 8.8 1.1 1.7 8.5 0.7 1.2 17.3
DLTV 1.0 1.7 11.4 1.0 1.8 8.8 0.6 1.1 20.1
EUSM 1.0 1.7 11.7 0.9 1.6 9.8 0.6 1.0 21.5
GAMG 1.7 2.9 8.8 1.0 1.6 8.7 0.7 1.2 17. 6
HKSL 1.2 1.8 10. 8 0.9 1.6 9.1 0.7 1.1 19. 8
HKWS 1.2 1.8 10. 8 0.9 1.6 9.1 0.7 1.1 19. 8
JFNG 1.3 1.9 10. 3 1.0 1.6 8.8 0.7 1.1 19. 0
INAV 1.1 1.8 11. 0 1.0 1.7 8.9 0.7 1.1 19.9
KMNM 1.3 2.1 10. 3 0.9 1.6 9.0 0.7 1.1 19.3
LHAZ 1.7 3.7 7.9 1.1 1.8 8.4 0.8 1.3 16. 3
NNOR 1.4 2.1 9.9 1.1 1.9 8.2 0.7 1.2 18. 1
A 1.3 2.2 10. 0 1.0 1.7 8.7 0.7 1.1 18. 8
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Fig. 1 Spatial distribution of the static test stations
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VDOP {4351k 1.3 #1 2. 2, )i KT GPS 1.0
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WHE] N 5 BUHE BR & (- %18 (Geosynchronous Orbit,
GEO) T & .6 i &} Bk [7] 2 11 (Inclined Geo-
synchronous Orbit,IGSO) T2 Fl 3 §i 7[5 3 Bk 1
# (Medium Earth Orbit, MEO) L&,

MFE 4w, b =E B1/B2 XU B I 2R 5 A
Bk 58 7 KE BE R 2. 15m, 5 B E ALK B R
3.21m, =4 E AL KE B A 3. 88m; GPS L1/L2 XU
PRy B 5 AN B K P E ARG BE Ol 1. 45m, (R B AE
PIAEREN 2. 57m, =4 A oKE B 2. 96m; db 3}/
GPS WA £h BE B 05 5 7 F ¥ K % 2 0 K R
1L 17m. R E R BE R 1. 83m, = 4EE M AE A
2.19m, db=} 5 XUEDh BE 5 5 7 R BE 25 F GPS
A S RGN . 1) b 3b s ) B AR JL AT £ 7Y 55 F GPS
(WL 32 db k= HFE 5 i & 5 GPS M1 A fEAE
—EZEHEN . A, AL M ECN R U J7 ) 8 A
15 2% 1Y M 2% | b5 1 fi 22 (Standard Deviation, STD)
177 # (Root Mean Square, RMS) (W, 3 5) A] 41,
b 3} U Bh B B A2 7 FEE CN LU ) ¥ 77 7E B

T4 WHAERSEMRESRITER(RMS)

Tab. 4 Statistical results of the dual-frequency pseudo-range single point positioning errors (RMS) m
[ GPS b3l /GPs
) 3k

K i i =4 K i =4 KF i =4
BSNC 2.34 2. 60 3. 50 2.32 2.93 3.74 1. 20 1. 64 2.03
CKSV 2.07 3. 20 3.81 1.23 2. 46 2.75 1. 09 1. 69 2.01
CUToO 2. 80 3. 50 4. 48 1. 86 3.04 3. 56 1.73 2.23 2.82
DAE2 2.72 4.71 5. 43 1.51 2.30 2.75 1.21 1. 85 2.21
DLTV 2.06 2.89 3.54 1. 71 3. 45 3. 84 1. 34 2.23 2. 60
EUSM 1. 64 3.59 3. 95 1. 25 2.71 2.99 1.03 2.54 2.74
GAMG 2.49 3. 80 4. 54 1. 16 1. 67 2.04 0.98 1. 38 1. 69
HKSL 1.70 1. 94 2.58 1.23 2.42 2.72 0.98 1. 36 1. 68
HKWS 1. 83 2.00 2.71 1. 32 2. 64 2.95 1. 05 1. 41 1.75
JENG 2.11 2.93 3.61 1. 34 2.28 2. 64 1. 10 1.70 2.02
INAV 2.11 2.92 3. 60 1.22 2.62 2.89 1.18 1. 92 2.26
KMNM 1. 85 2.73 3.29 1. 24 2.33 2. 64 0.99 1. 58 1. 86
LHAZ 2.00 4. 83 5.23 1. 46 2.56 2.95 1. 09 2.35 2.59
NNOR 2. 44 3.27 4. 08 1. 38 2.63 2.97 1.47 1.83 2.34

-S4 (H 2.15 3.21 3. 88 1. 45

2.57 2.96 1.17 1. 83 2.19
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Tab. 5 Averaged bias, STD and RMS of the dual-frequency pseudo-range single point positioning errors for 14 stations m
db=t GPS dk=}/GPS
bl
E N 18] E N 18] E N 18]

s 22 —1.34 —0. 45 0.79 0. 06 —0.05 0. 30 —0.61 —0.23 0.51
STD 0. 87 1. 24 2.82 0. 90 1. 10 2.53 0.61 0. 70 1. 66
RMS 1.62 1. 40 3.21 0.92 1.11 2.57 0. 87 0.78 1. 83

AW 22 U HJE E iR 2235 3] 1. 34m, 1fif GPS &
N E FN J7 1] 09 s 2 78 JEOK 9%, 3 R 7 [ Ak
0.3m, MMM EHRESTD) KA, I35 GPS
JF R EZES . ML W, db S U O B 5 A7
K2 25 T GPS 1 32 2 A R 3% J2: b - Pl B 2R
Mg RAFTER R GV 22, i T kbR R 5 GPS
AR Tk ZR G5 2 S A TR G, DRI I PR AT R S Sk (14
SR AL B TR 25 K

MNFR 6 R, b S RO 2 8 B 5 7 P H4 K P
POKE BE R 1. 33my, i A2 8 AR BE oA 1. 81m, — 4EE i
FEBEA 2. 26m s AT b S| SUB PR B 5 o7 45 SR A
T 9k 38. 1% ,43. 6 % Fl 41. 8% s GPS BUI 4%
TR N P B KT 2 RS BE R 0. 6m, R R E A
JE R 0. 85m, =4k A KE BE Ny 1. 04m, A X HBU
B 25 SR B3 A L I 58. 6 26.66. 9 Y6 Al

64. 9% ;b3 / GPS WU £ I B 8 5 A3 7 B 7K 7 € fif
K B 0. 56m, i B2 A RS Bl 0. 72m, = 4k E (i kG
JER 0. 92m, AH XTI RUN PR BE 2 v 45 5 00 7 43 Loy
Wk 52. 1% .60. 7% F1 58. 0%,

T FRLET 14 A0k USR8 B RE A
25 .STD f1 RMS “F YA S H45 . B R 5 38U
FE B A B, b Sl XU 3R D H R A e 22 T U
A IR HOE E AR SR B KT GPS 2558, M
AT A (STDY K BE SR &, b 31 XUS 2% % 2R 45 %2 07 th
2T GPS. BT A& Ll k4 8 Fn 25 6] 45 5 ot i 45
RSN, AL GEO F1 IGSO T B A X F H g =8
[ A7 A8 A 2 15, N )T SR R i 25 P I B e
et 2 P AR A E 7 22 F GPS ) — A~ R A
2 Jim R JENG 03 £h B8R 5 22 407 0 28 2 AR 137 2
RO E LR 2Z T EL

F6 WHH KB EEMIRESRITER(RMS)

Tab. 6 Statistical results of the dual-frequency carrier-phase single point positioning errors (RMS) m
de=f GPS de =k /GPs
Ik

K [ X K [ = K X3 =4
BSNC 1.22 1.67 2. 06 0.62 0. 83 1. 04 0. 64 0.61 0. 88
CKSV 1. 15 1. 82 2.15 0. 57 0. 88 1. 05 0.58 0. 81 0. 99
CcuTo 1. 50 1. 69 2.26 0. 55 0. 65 0. 85 0.52 0.51 0.73
DAE2 1. 70 3.13 3.57 0. 56 0.77 0.95 0.56 0. 65 0. 86
DLTV 1.53 1. 57 2.19 0. 65 0. 95 1. 15 0.63 0.77 1. 00
EUSM 1.13 1. 69 2.04 0.71 0. 96 1.19 0. 59 0. 81 1. 00
GAMG 1.23 1. 85 2.22 0.48 0.62 0.78 0. 47 0.52 0.70
HKSL 1. 19 1. 31 1.77 0. 57 0. 87 1. 04 0. 54 0.70 0. 88
HKWS 1. 20 1. 28 1.75 0.52 0.77 0.93 0.53 0. 66 0. 85
JENG 1.22 1.72 2.10 0.58 0. 81 1. 00 0.55 0.71 0. 90
INAV 1. 48 1.55 2.15 0. 66 0.92 1. 14 0.59 0.77 0.97
KMNM 1. 54 2.12 2.62 0. 64 0.98 1.17 0. 64 0. 95 1. 14
LHAZ 1.18 2.35 2.63 0. 64 1. 07 1. 25 0.53 0. 90 1. 05
NNOR 1. 39 1. 54 2.07 0.63 0. 88 1. 08 0.53 0.71 0. 89
P 1.33 1. 81 2. 26 0. 60 0. 85 1. 04 0.56 0.72 0.92

B/ %

58.6

66. 9 64. 9 52.1 60.7
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Tab.7 Averaged bias, STD and RMS of the dual-frequency carrier-phase single point positioning errors for 14 stations m

} 63 GPS It /Gps
LR
E N U E N U E N U
it 2 —0.72 —0.58 0.13 —0.10 —0.10 0.10 —0.18 —0.23 0.17
STD 0.63 0.65 1. 67 0. 40 0. 39 0. 82 0. 35 0.31 0.68
RMS 0.98 0.91 1. 82 0.43 0.41 0. 86 0.41 0. 38 0.73
BDS
g = 8 _E
= = N
X » —
E & AT
2 0g = 0fy el
E £, i
T e T £-8
82 83 84 85 82 85
Day of Year/d D
GPS N GPS
£8 £ 8
ST IN MNON NA0  D)  OOO 1 gy
£-8 ; ; £-8
82 83 34 85 32 83 84 85
Day of Year/d Day of Year/d
BDS+GPS —K BDS+GPS
7N T
£ 8 —U g8
o TR BT S A T [ £ 4
Sk &
EX = O
£ 24
£-8 . . g3
82 83 84 85 82 83 84 85
Day of Year/d Day of Year/d
(a) 4 BE B8 g1 7E fir (b) B AL B R E (L

B2 JFNG WikEMIRE
Fig. 2 Positioning errors of the JENG station
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