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i E. A TARFAMIZE %% (global navigation satellite system, GNSS), ML AL M I M 58 2% 0 & 40 & K IR
FHh, ko aphd RERBRFLN B EEEFTESETREGYm. & TS &R EXKESHT
dF =5 AKEE FA A % (BeiDou-3 global navigation satellite system, BDS-3) &9 YL | & 4% 1t Fo 0] 35 4 4k
%R 257 ,BII.B3L.BIC.B2a# B2b 5AME EH KRR AL ;ST L2 E MM TR L EZ EHIER
E R RENESREBEERD 25 ZHEAGMARRE, IAZZMNIERETLGFHITAA0.1m,
RABRZAMEATIF =5 EEENRERBAMNA § 2 TR F R, BRZAASHEEER
FHRG TG XN ERAREFTHEHRREZEAGE AR, & TRYE R XL E L =R
WEHFRRELRFS D T0.6mm. ALLEREANLF =5 T Z 6 HIEAF kWM LK R IR LR

£ B R AT SE A

K@ T ZFARFRLE AL ol @ R & 96 5 B2 Bk S BB R E AT

HESES P28 kARG : A

20184F 12 A, EE AL} =5 Bk LR §
L & 4¢ (BeiDou-3 global navigation satellite sys-
tem, BDS-3) HEA R G0 i pl , 1E X A4 i A
WAL L A EZE S5 dE3 =5 R R G
WIE 2020 4F 7 H T SH R 0 SR B R 55 o 5
b3k =S A =S R TR R G
BRI RURT BOAR  $5 80T T ok BE Y [ R A
T BN T R I B R AR T AL
)45 5 R B, e 3G 5 7 Ab S R S5 e . I
Hb L Ab S =R SR T OHL B2 AR R R
PR

e B et oy, b 3k =5 e sk Sk
L, FCATRBR S 0 A2 AR AT AR R TR & B A 3
Hi Bk [A] 4 #L 18 (geostationary earth orbit, GEO) 10
B, 3 WUt &k ] 25 B 18 (inclined geosynchronous

Y5 B #5 : 2020-04-20

satellite orbit, IGSO) T8 & Fl 24 {i rp L iE (medium
earth orbit, MEO) L&, H MEO TLA7E 42 5k
¥ 2] 43 A 3 GEO LA R 3 1IGSO B AL F2 %8
B rh B DB, P R R T XY IR 55 1 e
FAT e, dbsk =45 GEO DR S8 KLk =
5 H A 2 Bk TR 5 M & 4t (global navigation
satellite system, GNSS) ¥ %5 $ 18 A1 4 22 19 8 IE
SR, Bt R R R 55

AT w3 =S Sk
f BIT. B2 B31 34> B S A5 5 i Bk Al b 2>
FF 3 % B1C . B2a f1 B2b 34~ RS 5, [l & %
T B2l L3RG RAUE S EAFEIEL,

MRS AR ZR T, A3 =500k e it =
Fh I RENR 55 , B 1+ 67 Rk 95 1 & . 17 2 46 e A =
i #% B (radio navigation satellite system, RNSS)
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JIR 55, ok o 2 A TR M RS IRS5 5967
R R B AR A 6 KRS, 2002 4 Bk
%6 4t 3C i {5 (global short message communica-
tion, GSMC) | [ B # $ (search and rescue,
SAR) | 2 FE 34 5% (satellite-based augmentation
system, SBAS) | i 3 14 3% (ground augmentation
system, GAS) K5 % 5. 5 % i (precise point posi-
tioning, PPP) Fil [X 38 & i 3 il {5 (regional short

message communication, RSMC) .

&1 LdrESMESELERE

Tab.1 Basic Information of BDS Navigation Signal”'?!

28
BII B21/B2b B3I B1C B2a
1561.098 1207.14 1268.52 1575.42 1176.45
/MHz
W
19.204 24.835 23.633 19.029  25.483
/em
i
4.092 20.46 20.46 32.736 20.46
/MHz
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PEHE LT IR 55 (0 Bl o SRR [ 13 38 3k 4 Bk [
N L =k R A s & B A S =5 0 I E AE TR
REEME FhEmENS SR T2k I E S
IR 1B A AP SRE s | e S = S o v ;=X
265 TR AN TR R A TR R AR G,
BEFR N B L 2 B AR RN, 42 X RNSS . PPP |
SBAS %5 5 il 54 5 19 ik 55 1k fE 7 2B A S )
R 23 5% Wi A A] e 2% (differential code bias, DCB)
P ORE BEY B 25 FR Ge P I IR 45 g
J1o XHRL16 X )5 22 & S i de 3k =55 LR
AT TR EROEIT, W 9T R B 5 TR M GPS 1Y
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1.1 HEIR

B UL GNSS I b 7Y K 2 2 42 17 K 2k, e %
[Fi) BN SR 4 W] DL B A B BT AT LR AR S (HL 2 4 1)
KL AN AT S B i 23 52 B 22 Fh 2 22 (0 52 ), o D) R
by TR A5G v Y 22 BR AR 1R 25, T LI BR A ) A ()
T EUOML T 2 AR IR 22 A S, — ROCIE R 2 AR R
22 PEAT ARSI B L AL T SR T il ) = A ) 22 4
77 FA BR o

UNEEGPS - @ NIV IR IE/NTTRE S PN
2R HWUAR 5 1 I R B B /N L e MR, X T
LR 5 BE A8 TE 15 PR AL AR 3 98, W) I iy T 4 4
T P87 JLART e 1 J P B 35 2 59 5 ) AT AR 2 AR
20 I YT I 22 AR AR S JCEE L B BRI
3l Wy T K 2R B8 A% A5 e b T AR ) 55 e TEDUL T B
35 R R 1 2 B AR AR S S e, T AR T o
FHUE T 2 B LD BE R T R 2
SE ] BB RF E GNSS 3 LR AR %, B X LR
15 5 HEAT LR MG 58, R 4 S 5 T 11 A R, R
B (05 508k BBy T B BB A £ 5 MR FE R R T
Fa, 5 TR v B AR A G PR RN AT A A B R
Rt Rg w2 . R, K A AR R
28R 4R I B RE 0 A A IR B R LS S B
FFIE

AR S S R 1 AR 0 P T R 4R AR AL )
=5 TREE Z KA T B B B 2 452
FROC L 35 L AR 40 m, K2k S [ JC B B R,
BP9 07, B SR S )R] B 2019-07-18 — 2019-
07-27. F W HLR H [ By Bk H R 2 F il f) 0) dk 2Y
WL, AE 98 e Wit 2k & GE B A A TT R 1 AE
5, 10 BB [7) I 0 7 SR R [R] — AN [ 43 i AR
S AR =5 B1C . B2a il B2b 4 s 5 40 4
AV o 5 09455, B LR SCU R 6] — 15 5 A
[ 2 B 0 R R RE EAT 1 X e M o 1l B (]
R4 18 WL F =% MEO T A (C19~C30,
C32~C37) 2 /b — A58 8 T K I B i) WL I £ 4
£ & At sk =5 A JF 9 B11.B31.B1C .B2a f1 B2b
S WA, N T 5 A KRG R AT X
Fo 0 B, A SOl 1 [ B GNSS I I3 il & 42
(international GNSS monitoring and assessment
service, IGMAS) I J& 3 2019-10-01—2019-10-7
S a] e 0L K B L LA K [ PR GNSS iR 45 (interna-
tional GNSS service, IGS) T J& il 3 2020-03-08 1Y
LI ESCHE | 5 Xk 35K 28 4 ) L BRI A 7R R Ak B
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1.2.1 &R o

#, 1 b (carrier-to-noise-power-density ratio,
C/No) 2= 217 5 Dy 38 R0 e 75 1) 56 3% 9% B 1 e
(B, & PP AL AL 5 R AR b, Y
Wi S 52 WA BTL 170 478 B L B3 AR P SO A 1 BB . R
B RS LT R NSRS N
SRR R FEORE R s R, B L R W)
BB B AE 5 A FRE , AT AE B AL K Y e e 2
OB, I BEORG BB A7 B E S . A [R] 42 AL
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LW A A5 Z i, &R AUE 5 2008 ey
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A5 41 SR FH P i S5 PR 22 WAC 1) 23008 LU O o
1.2.2 th3E % %1244

b Z 5 DEAFER R EWNAE Ok
2215 Phy B ORI AFL A7 E R R B A R G 1Y) 2R G R
25, 3 n W E NS BE o X T T R A N L B
O B O 2 A 23 5 e AR B T GE A E AL W 8K
W,

A SCAd L T Oh BE 3R Y O BE 2 K AR A
A WL X B O B i 22 AT 40 A, DR EE 2 i AR
YA Moo TR

M =C;+(m— 1) X0, —m- 2,0, — B (1)

AF A7
PERYY

Ko, CH @ 43 ) S Bh BE R0 4835 A 457 O8I 46 5 A 2
X IO AT A AR B s m e 2 B AR B I R G B
S A IE SN BN I OV EE 2 B AR T SN M0 50 )k
53 R IR 3AS AU, 1 RORTF B A B AL, AT
LS ek kMR, j7 k. DHEE Z AR A G R 7L
o] RS RN R AT IR 1R 22, Z B AR H AL T 20l
TR i 1Y) 22 B AR R 25 HEMROHIL Y M A LA ] B
FEAE 0 F e P R I o 15 22 55, AT I B IR 22 R AR 4R
B 2K 3 A WL DN ABL o A AE TR 5 BE AR A OGO
B A 22, DA SOUE 1 Fry e 75 K-
1.2.3 #H &k ZREHE

b3 =5 TR K 5A WS B S HUE S, T
DL a4 04 3 =2 G O 2Ok A i
B TR 2 B AR R . B A A M
A

m—

(2)

Myw=a-L,+p-L;+y-L,—B (3)
Ao, L3R X WA A5 22 0 DU AR, SR A2 R m
R a LNy BN S

atpf+y=0 (4)
a- A+ LA+ YAl =0 (5)
oy =1 (6)

D PIE T M, TH B TUART B 5%, 5 (5)
TRAE T My A2 — B BB 252 m, 2 (6) 75 — &
TR T AARE T M AS 23 B 5 b 550 K S5 080 /)N D0 ot
MRS U SR 2 AR A A R R T
WA, 76 25 3% SN By N ke — M4l & 38918 B
Tl 4% A Mb T AN R b 3R 2 AR DL R B D
RN iOR- A I N E I o = A LR R E R L
PR . SCwk[22] il 4l A & B GPS R
Block IIF T2 & B By S0 B4, IR AR 3¢
FUZ A A X =5 TRW P T T2 Hr .
e =5 PEEL T 5 M ANES, TR
BEEPE 3N AR R AL AL W A A
5 BN [ TR R K/N e R AR SCHERE T 3D
W A A BEAT A 0T 3X 3 Rl B I AL G Y
R 2,

(ELAS I B0 SR, 5 58 1 BN B O BE U8 4t
WP 2 B AR LB AN TR, Rk = Al & 1) R B
) A [R) A S50 5 B BRI, AR R LA, KRR
St ol S A A SR B X A /N DT 43 AT 2R 4L
2 Xof (I 55 R I S R0 2 B R AR v . X T R
24t X A /0N TR AT B G 2 OB 0 - o B
& It 1) AR Ak O 25, 3R = AR SR
L AR 22 . AR 2R AL A 2 S B, BT A
B R KR —0.024 4, S B3TH A5 A4 2% 8t 00 00
B AR e 22, 41 A ORI E P T B3T A A
TE 51 B 22 23 920 A 22 8040 /N 80 29 0 R 06
W2 1/40, A SCHEFE M 3Rk Ik =44l &, 41
A 1T 43 B B2b A B3 A5 28 ik U0 I 18 0% 2%
HA 2 T4 8 BITA B1C 45 5 28 38 00 i {7 4
% 4 3 T 40 B2a F1 B2b 551 A5 48 ik 0 Il
i 2% o

x2 ZHARRHEE
Tab.2 Coefficients of Triple-Frequency Combination

S a 8 y
1 B11,B2b,B3I —0.183 4 —0.597 4 0.780 7
2 B1I,B1C,B3I 0.7190 —0.694 6 —0.024 4
3 B1C,B2a,B2b  —0.084 6 —0.6610 0.745 6
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J3E £ I FsF ) 0 28 AR A P 1L TR o T 1) R
P R K A2 4 ) TR 48R 4 T 3l 67 F B P 4
BV T, SRAEMT Bt 2019-07-19 6:00 — 14:00, F%FF
R ls, HE ()W LIE M, AT ETEN
T AR R A T K 2 SR BRI B TR — S Ak 2k e
Y 25 Ak 5 BB 29 0 5 dBHz, 2% M b 728 16 F v B £
(18 FH G 5 /0N, 33 2 A1 A 4 0 T R 4 41 55 T s THT
78N o NI D NS D R T ARy NI D
R & P EP AT ANV S T LN TP 2R R ]
AR LA B AT KR AE b, BV AT 90°RT
M PRI — T R, X O 7E B R T
I, TR i B R R 6 £ AR Ak S A R S

JE AR E B R] N R T BB A RO AR AR L
T K 2% B il B 5 R R S A DR
i, T H B E R RBURE &, S g R
A BRI, AT LAY il 4 T K TG ik B A
B RSt s m DR G5 MRS
A WECR B X AN R TR A SRS 528 k5
.

L 1(h) B304 2R FH 4 1) R e R4 3l 437 F
b mimi, SRR B K 2019-10-02 22:00—2019-10-
03 6:00, KHEER N 30s. HE 1(b) A LLE H, il
FH 4 1] IR 4 SR 4 1 B30 H0 | G 26 M L 2 Ak R s B A
ARG PERR Bl B o B A T e, B LR R FEAIR
RS — BB BB, L 7E GNSS
A AR RE A A /N B UL T R e R R A 22, N X
T~ AR A A EE o B A 205 R A U 00 5 40 S A
Xt 2T R R AL

E1 C20 10 A #Me e
Fig.1 C/N, of C20 Satellite
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Bl A TR 015 5 A LA N [ e B A X ]
(1) A5 AL B 5N, — AN 8t 5 dBHz; LAk, BT
TR B AR 3 R T0UJy [ I 2 R LU g AT R 1Y)
P4, X FE 1(a) Fr C20 TR 2% M L 76 i i) 5 571
AR AR B — . LI BT S A B, B R 2(a)
AL A A TR 7E BITWUS b 3008 L A7 1
25X R R A TR A BHE S 5 07 A A
JE AR —FBE BT DLk e R 58 e M TR o At A
M 45 an 1 2(b) ~2(h) fir 7w, 280 L1 A8 {6 F1 B1T
SERAML, A A =5 TR B M b TE AN R i
fAEHREHAE R ERE . LK 2(c).2(d)
DL E 2(e) 200 AT LLE H, B1C M0 {5 5 2004 Lk
BT BE MG 5 e e, B2a S S 3 L AN

B AT S A LAY XN S RGN
B1C 1 B2afF 5 P4 (1 D FAH X KN R —
5, BI BIC H g 3 40 R0 508 A0 1 D) S L2 30 1,
B2a B a5 A5 EC I A T R b Ry 1100 X T
9 1T R £ SR B B N R AR A B L AS TR
AR H Y AH XK/ 56 RO BIT>B1C (540 ) >
B3I>B2a( 40 B4 ) ~B2b (S 40 E 4k 4 ) >
BIC(Eds4t) .
22 HESEERESW

P13 2 A ] 4 1) R s T 5845 3 0y s AL T
B2y, mik3a) MK 3(d)al LA, b
S5 C11 TR B A 22 675 41 6 i 22 78 1
L5105 2R B S VA 2 T o= 3 B 7 B o R <=
JE £ T 5 00 B AR, A7 76 B W 58 9 3R e P 2%
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F3Hhal LA, sk =% C21 AR BIC
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P2 bl =54 T % 2 Kl dh 2 LR e 2 A AR A
Fig.2 C/N, Variation with Elevation Angle of BDS-3 from Parabolic Antenna

B3 g K 2 O 22 i A 1) I [8] /8 B2 £ 7 51

Fig.3 Code Multipath in Time Series and Elevation Angle Series from Omnidirectional Antenna

I NIREEE R N N2 SRR E iR N=N bl
S| =S g iR TR O B 22 AR TR B R
FF SN AN 4 Fr R o AT A ] R 2B H , )
AT K 2 509 153 1) B B 22 6 4% L W 75 A L 4 i)
RE& TN, il 2 B A2 7 41 11 A5 Ak 75 Bl — i A
0.1 m. ME 4(a) ATLAE H, B A ) £ 45
AT T At 4 AN 050 8, L 22 B AR A 1 R AR I K
H I 4(h) AT LA 78 DR TR &, 67 T [
—mEAN  H BB R WA —E LR T
PAFE DR L THRUT BRI, 22 42 B A G 7
A LR AT aE A, HE AR RRR 5

b3} =5 TR RS K 2 B4R 7 518 LA
PhiE 2 B A0 158 25 BRI AR TE B /N e ey 0 2 L (1
5505 B A R A DG I R R 2 AR (E )T A R
TR HERE R I PR M BE .

R T2 B R A G S =S AR £ B
78 i e B AR 7 AR AR R X A T R kR B B
BT 18 il 3| =5 TR K ys vh 7T Ab B 3H58 T
XS TR [A) A3 A Y 22 B AR AR, $5 BRS PRI R SR Tt
T EATAE AN TR = B A X R] A A4, 25 R an gl 5
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1) 5Ce) M 5D AT LLE H, 7 B2aJil 55 5
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Fig.4 Code Multipath in Time Series and Elevation Angle Series from Parabolic Antenna

IS b3 = 54l 0 i K 2 Dy B 22 B A Bl % I v 2 7 72 1
Fig.5 Code Multipath Variation with Elevation Angle of BDS-3 from Parabolic Antenna
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WA 2 iR E (L)), — P EZIR S H5 RMS (B AE 545 55 de K, i 0.080 m; Hivk
By th iR 2 %42 A0 I E & I9F BIE bR T LA S B1C Ji 5 FN B2a il o5 5 B2b i i RMS $41 (B AH X
HE B A KRR IR G iR 2, Z MR MBS T /N, 2R 0.035 m; B3LJH 15 RMS #{E 78 54~ I s,

FWSCHLME TS b T PR BE 22 AR DL R TR R R Al
G E B R A R 2 WA Y
AT K 206 R 4 50908 R 005 450 g T I b T 22 B AR R 25
40 m B R AR GRUE T 15 5 4 B (0 5 J8 RS e
PE 32 BOHL I 7 AR X 550 /0 3K 6 158 2 0 5 A b T
B ol 55 =2 5, T 5 4 A R 2k AR PR I 2 AR
0 4& B9 ¥ 5 MR (root mean square, RMS) {H , #4
AR/ el TR 55 A & 51 i th 5
SR DU e 75 7K

AL 18 e sf =5 1A h iR £ 5% 22 ¥ 41
RMSHMITHERME 3P R, HEITLUE
H: (1) C19 LA BILSH & A RMS (5 & K, 0
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Analysis of Pseudorange and Carrier Ranging Deviation of BDS-3 Using
Parabolic Directional Antenna

ZHOU Renyu' HU Zhigang' CAI Hongliang® ZHAO Zhen® RAO Yongnan'

CHEN Liang'® ZHAO Qile'

1 GNSS Research Center, Wuhan University, Wuhan 430079, China
2 Beijing Institute of Tracking and Telecommunication Technology, Beijing 100094, China
3 School of Geography and Information Engineering, China University of Geosciences, Wuhan 430074, China
4 National Time Service Center, Chinese Academy of Sciences, Xi'an 710600, China
5 Shanghai Key Laboratory of Space Navigation and Positioning Techniques, Shanghai 200030, China

Abstract: Objectives: For global navigation satellite system (GNSS), the ranging performance of observa-
tion would influence the system service capability. Methods: Parabolic antenna with large -diameter could
greatly reduce the impact of the ground equipment and the environment on signal acquisition. Based on data
from parabolic antenna, observation characteristics and ranging performance of BeiDou-3 global satellite
navigation system (BDS-3) are analyzed.Results: The results show that, regarding the pseudorange devia-
tion on BeiDou-3 satellite, no systematic deviation of the same magnitude, compared with BeiDou-2, is
found on the signal of B11, B3I, B1C, B2a, and B2b. There are fluctuations on some signals. However,
the correlation with elevation angle is not strong, and the average magnitude of all satellite fluctuations is
0.1 m. This paper analyzes the multipath variation and noise level of carrier observation for BeiDou-3 satel-
lite of each signal using triple-frequency combinations. The fluctuations of carrier phase triple combination
are of the millimeter level, and those fluctuations do not closely correlate with the elevation or time. The
root mean square of the triple-frequency carrier combination from parabolic antenna is mostly less than
0.6 mm.Conclusions: The results indicate that no systematic bias occurs in code and phase observation of
BDS-3, and the system has a good ranging performance.

Key words: BeiDou-3 global satellite navigation system (BDS-3); parabolic antenna; code multipath; car-

rier phase multipath; noise level
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