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Abstract: Aiming at the current evaluation of BDS-3 tri-frequency relative positioning performance, we deduced the BDS-3 tri-frequency dou-

ble difference positioning model at first. And then, we carried out the ultra-long baseline relative positioning solution experiments of BDS-3 B1C/

B2a/B3I and B11/B2a/B3I before and after the addition of BDS-2. The experimental results show that the relative positioning performance of

BDS tri-frequency ultra-long baseline is better, and the positioning accuracy of the four tri-frequency solutions are at the centimeter level. Among

them, the positioning accuracy of BDS-2/BDS-3 B11/B2a/B3I is the best, the horizontal positioning accuracy is better than 5 cm, the elevation po-

sitioning accuracy is better than 8 cm, and the ambiguity fixed rate is about 86%. BDS-2 satellite has not improved the ultra-long baseline posi-

tioning performance of BDS-3 B1C/B2a/B3I tri-frequency combination, but it has significantly improved the positioning performance of BDS-3

B11/B2a/B3I tri-frequency combination, which can provide a certain reference for the research of BDS-3 ultra-long baseline positioning perfor-

mance in the future.

Key words: BDS-3, tri-frequency, ultra-long baseline, positioning accuracy

dt3} =% (BDS-3) & F2020-07-31 2FF4H M 58
W, PREERESFAUEMEAREZ T, RNEK
AN S RUE S RS, A AL BDS TEHL DA
%ﬁ%ﬁ, BIE k2 s, MU S A G
i, REPRIE AL 22 I PR 5T T 1) TR mT LR, 5K
Nmuiﬁﬁ*(mx)fﬂﬁiﬂ@%ﬁﬁﬁﬁm
A7, T ELAH AR 2 o e S B R BE D s, H iR
FHASE 12, RTK F ARG 4~ B 0l 2 B Y A2k
AT SEILEA T TR, AR B (9 BE 25 ] 43 Sy e 5k
2. A PRI KR KL, Hh i
KB IEARBLZAC R T 500 km [,

B JENAE BT GPS K BRI 2 FEE GG R
P, BRI E/NT 500 km AR & R, KF

ENKEELT S om, SFEEMKEEILT 8 em; MAT
500 km [T R ARE & R, AKEENAE T 2.5 em,
R ENAE LT 5.5 em, SR IR WSS ] Bifi 2
KSR I e e o AR A AR I ST AS () R s SR A A
GPS HEWLE (A1 15 36 B2 M A2 B, 486 L i S A AR AR
T3 1] GPS AR [F] A% RORG B de 2, A% ) L g J2 A
TR 40 FEL 2 A R A R O ERICR . R
S R A L U2 ik o s 2% 5 v R AR I 5 30 1| 8
NSRBI, ZFEARREREUR X G2 1) sh B TE
G, HREAR Y DA B P TS 2 7R D b e -3
R, ] B EEIFE T — BRI A A, T
0 R ST M AR, BT T B R S A B A
T3 mm, BEECIHN AT T A E | TN SRR A



%21 %% 347

MARFDE, BDS-2x3 BDS—3 =A< B L S5 AR L2

o 25 AT - 99 .

SR FIRBFSE B X BDS #R K HL 4k BRI T AR PR B
B b, PR AS S0 T — 2 R R R S A,
Hr 7 BDS=3. BDS-2/BDS-3 —“Jii i K 34k i 4 1 o2 or
PRE

1 BDS-3=5IWEWMIEEY

BDS-3 =43 X 22 DA BE UL 55 28 B A 157 W (B 7E
k B 2] s A
{Pi,kzpk+Tk+Ik+gP,i,k 1)
O =40, =pp+ T L +24,N, +&g 4
L, i=1,2,3 ABDS-3 B HAGM 3R, 2K
3R LA s o, K ke IS 20 i 3038 DA S B
(9 X 22 B AROL I 5 p, A AL2E 1L 2 I3l (] ()
JUTHE RS s T, W ZERTRZ LR 3 1, W 2E L B2
WER; N, R ERFAGRIEE e, N kB2 0 B
AR ZE DRI B P 5 e, R K NP2 AREAR A X 22
BRI AR UL (M

Xt BDS-3 =AU AR O WM E A T2, 15
FNH G R,
9. =lp,+mg,+ng, (2)
K, 10 moon BV E RE, HO W8
EHL

HE—2EA5 3] L m R PR i =
Bl A O EE IR,  Bp
3 If,P, +mf, P, +nf, P,

e If, + mf, +nf, (3)
3 If, @, +mf,®, +nf,®,

¢ If, + mf, +nf,
Kb, fiv fon [ 3B,

2 SERasth

SR LI MGEX SRR W th—2H K 2244 561 km
MR R 2, B PE R 4R BT ) SR 2021-10-27—
2021-10-31 3525 d, RAEMIFE R 30 s, fFEB RN
MR SCH GNSS A HL i & 1) Net_Diff 3, 24

AR BT AL
fEAI=

fi# 55 BDS-3 T A% B1C/B2a/B31 A1 B11/B2a/B31 i Fl = i
WA ENEE . AR SO T R . OfE A
BDS-3 LA £ 5 1 B1C/B2a/B31 1 B11/B2a/B31 #8 K- Ji
LR O 5 QB A BDS-3 LA B EERE E A
BDS-2 T J2 Y B1C/B2a/B31 1 B11/B2a/B31 i K- FE£k 2.
PiocHidE . MR SIS RO B e a8, XHREOE

*ﬁﬁ”%ﬁﬁ GPT2_ 5w A, Ji Bk #R >k F GF+ MW 21
o HAUIOIE SR X B SO IE , S5 Ak bR A 1GS

*AL\E’JEJ%Q%JJMEO
2.1 PBALWHMES B

IR 236 T 0] W8S PDOP (R 6 5 JC 28 A 571
WE TS, TR, BDS-2 1A A B 2 3 m
T BDS-3 LAEFULEL, K&K T PDOP{E; BDS-3 115
B PR AR, SRR 4, e D
BT, ?ﬁjﬂa@ﬁdjs%ﬁ JnA BDS- 21,*)%,
AR DB 6 8, fem DAECH 129, P TA
Bk 9 Wi, BDS—3E¢§&%E$§EEM%%H¢, PDOP
A, B4 T PDOPE AL 4, “F-24 PDOPE
2.6, MABDS-2 DAEJS, FRAN5IioC PDOPEKF
4/NT54, HA4 T PDOPEISTE3 LA, “F-#4 PDOP
fH41.53, H BDS-3 HUplE {7 1-F- 15 PDOP AR 1
41.2%

W = =BDs3 2
— BDS-2/BDS-3 — —BDs-2/BDs-3 {20
12
§ 118
_ 10 116
E {14
= g 12 o
= 125
F 6 410 3
! lg =
=
4 | 16
\ ‘ " b 14
2, Loy )
) ?‘: Y ',J"NC'}# IQAH,J!L"""“ '\T—" lAI‘.“~ 2
0 ! 0
0 3 6 9 12 15 18 21 24
I [E]/h
2.2 SEDESE T

B1C/B2a/B31 B K KL N fw 2= anE 2 iz, Al LA
B, BDS-35BDS-2/BDS-3 & iz ¥ 41—, AP
fimA BDS=2 T A& % BDS-3 B1C/B2a/B31 # K L4k 5 fr

1.0 — 1.0 1.0
| ® BDS-3iFrifff o BDS-3 7% fifif ® BDS-377sifit
= BDS-3[H5Efit = BDS-3 [ 7% = BDS-3 SR
05 4 BDS-2/BDS-3 7% Aiff 05 4 BDS-2/BDS-3 7 £ ff# 0.5 | & BDS-2/BDS-3 % ifif
. * BDS-2/BDS-3 [H & fif - « BDS-2/BDS-3 [#l i . | & BDS-2/BDS-3 [
£ ool £ al E
= 0 M Z 00 e A =
-0.5+ -0.5
-1.0 M S S S S 1.0 P L 1.0 . . . . , .
0 3 6 9 1215 18 21 24 0 3 6 9 1215 18 21 24 0O 3 6 9 12 15 18 21 24

A a]/h A a]/h

/b



- 100 - .32 & i 15 A

%21 %% 34

fEFBA TN s EL N U J7 ) o g 25 44 AE— I
S A, RIS, IS e R E R, WEUS E.
N 7 16 iR ZE7E 10 em LLINZEAL, U 7 18] 58 (0 M 22
1E+20 em AN 2B 4L

B11/B2a/B31 M < JE4 2 (vl 22 WK 3 ez, AT LA
F i, BDS-2/BDS-3 44T BDS-3 2 v i 22 /3 41 FH {
/N, BN A BDS-2 T % BDS-3 B11/B2a/B31 #4 K
FELENMGESCRIA R, E. N, U EN 2477
TE— DRSO, RIS, S a o e g, B

RIS B rh, BDS—2/BDS-3 I s fif s [ BDS-3 7%
Rt g s WSUS BDS-3 I E. N 7 [ & il 2
TE£10 em PANZEA, U J5 0] 2 57 I 25 7E+20 em LA A2
1k; BDS-2/BDS-3 [ E., NJ7 &M ZELE+S cm LA
Ak, UJTIENARZELE 15 em LINZEAL. ADSIHIT
BDS-2/BDS-3 % i flii 22 K T BDS-3 /& (i fi 22, 455
& 1A%, BT BDS-2/BDS-3 #4145 9 PDOP i K T
BDS-3, MG T fiimzs, JEEntrh A Eix
T, R —E

* BDS-37F it 1.0 * BDS-37FAifit
= BDS-3 [HE = BDS-3 85
4 BDS-2/BDS-317 fLifit 4 BDS-2/BDS-3 77 ifift
+ BDS-2/BDS-3 [H5E % 0.5 o BDS-2/BDS-3 [Hl5E it

dU/m

1.0 1.0
® BDS-37F LM
= BDS-3 [HEf#
4 BDS-2/BDS-3 % fifift
0.5} © BDS-2/BDS-3 fﬁlﬁfﬁ? 05
E £
%J 0.0 E\‘ 0.0
—0.5} -0.5
_1_0 L 1 L 1 L 1 1 —1.0 1 L
0O 3 6 9 1215 18 21 24 0 3 6

i [ /h

B1C/B2a/B31 5 B11/B2a/B31 # K K4k fift 34 Ratio i
mEl 4R, LR, YRGS NIESER, Ra-
tio (E/NTF 35 M5B 45 K N [E 2 B}, Ratio (H K F
3; BI1C/B2a/B31fi#445 0, BDS-3/BDS-2 44 5 BDS-3
fif %45 %) Ratio ffi — % ; B1U/B2a/B31 fi# & I, A
BDS-2 T3 2 i BDS-3 fi#f 5. [ Ratio [ B AR & . B1C/
B2a/B31 Y5 B11/B2a/B31 i 1 JL £k fift AT B [l o
B5 . aTLUE H, PIRR =404l A K S 4k g 5
FEORT B [ 5 2R T BLAE 80%~90% 22 8], B1C/B2a/B31 fift
SN BDS-2 T AL i 5 B BE [ ok kAR AR AR,
B11/B2a/B31 fift 5 A BDS-2 112 J #60Ry] J32 [ 72 R A
FIrE Tt

500

* BDS-3 BIC/B2a/B31
« BDS-3 B1/B2a/B31
& BDS-2/BDS-3 B1C/B2a/B31
400 H , BDS-2/BDS-3 B11/B2a/B31

300

Ratio &
a9 %000 0 ¢a mon

1
200 - ;

i) /h

B1C/B2a/B31 5 B11/B2a/B3L B KL E. N, U
] B BN RS FE QN 6 Firs, A LI, BDS-3 5
BDS-2/BDS-3 = #fiZH 4 B1C/B2a/B3IEE. N. UJyh]

1215 18 21 24 TT0 3 6 9 12 15 18 21 24
) /h 5 5] /h

I 5053 BIC/B2/B31 [ BDS—2/BDS—3 B1C/B2a/B31
[ ]

BDS-3 B11/B2a/B31 [l BDS-2/BDS-3 B11/B2a/B31

100
90 +
80
70
60
50
40
30
20
10

0

ASORI L [ 5 %/ %

B 5EAIKS E—3; 1 BDS-2/BDS-3 =41 & B11/B2a/
B31 & (kg BT BDS-3. B1C/B2a/B31 5 B11/B2a/B3I
AR SR IR LE 5 d o 0 - Y 5 0 B [ 2R
KEME LR, TLLEH, BDS-3 BIC/B2a/B31,
BDS-3 B11/B2a/B31, BDS-2/BDS-3 B1C/B2a/B31 # K
FLL EFMN BRI T 7 em, UJ5 @GR
F10 em, BRI [H 2 %20 83%, BDS-2/BDS-3 B11/
B2a/B31 KLk E 5 ] @ AR BE LT 5 em, N7 [l
PG T 4 cm, U N IENAEEEN T 8 cm, B
[ 5 22k 86% . 45 AR B, BDS-2 T MM AXS
BDS-3 B1C/B2a/B31i#H < He £k 5 v 245 SR WA 52, fi
X BDS-3 B11/B2a/B31 i 1 34k i o 45 S A7 5 i i i
., BN MENAEERTE T 25.90%, N @ik &
T T 34.77%, U Jr @ik BT T 26.78%, 1]
JE [ 78 2248 T} T 3.28%.



%21 %% 347

MR I . BDS-2x3 BDS—3 = 3MAZ 4 B 2% ¥ )5 T RR BL 8298 55 #T

- 101 -

12

EBDS-3 BIC/B2a/B3l

[BEBDS-2/BDS-3 B1C/B2a/B3]
10} BII/B2u/B31 10F
B BDS-2/BDS-3 BI1/B24/B31

o
T

E 5 A5 1% /em
s o

Ny kg i fem

[
T

(=)

e SR ARG fem qzliﬂﬁﬁgg{
EJil NJiE UJi EER%
BDS-3 B1C/B2a/B31 511 528 999 83.40
BDS-3 B11/B2a/B3I 647 604 997 83.04
BDS-2/BDS-3 BIC/B2a/B31 511 528  9.99 83.40
BDS-2/BDS-3 B11/B2a/B3l  4.80 394  7.30 85.76

3 & iF

AR T — 2 MGEX R 5 i K 2k 2 KA
A3 EAT T BDS-2 LA AT JE B1C/B2a/B31 5 B11/
B2a/B31 MK SE L B ou R L 0 . AR R .
OBDS-2 11 A7 %42 T+ BDS-3 Bk 5 {37 1L n I
e, BTRN125%, HAEH R L BDS-3 ) PDOP
B, FEREN41.2%; @BDS =i GBI EN
PERBELAL, A5 m e SRS B A EOR S, ROR L ]
FERIE 80%~90% 1], HA1 BDS-2/BDS-3 B11/B2a/B31
ERAEE R, E. NI EMKEEL TS5 em, UJF
] 22 ALK BE AL T 8 em, BOM B[] 22 R 24 86% ;
@BDS-2 11 & % BDS-3 B1C/B2a/B31 #8 K K2k 5 13 fit
BVEREBCA S, (HREA RS B11/B2a/B31 i K B
FENIMERE, (1 EJ7 e RS B EE T 25.90%, N5 [l
PKEESETY 34.77% , U J5 [l 8 kG BB T 26.78% , #%
B RE [ 5E R4E T} 3.28% .

SEH

[1]  #ua, 8R4, AP, 5. A T+ =53 500 £ 281212 £
FEE I E Y R AT [T]. R 2 5 IR S, 2021,
41(9):934-938

[2] LIB, ZHANG Z, MIAO W. Improved Precise Positioning

with BDS-3 Quad-frequency Signals[J]. Satellite Naviga-
tion,2020(1):1-10

[31 CHENH, LIU X, JIANG W, et al. Preliminary Analysis

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

I 3DS-3 B1C/B2a/B31
I BDS-2/BDS-3 B1C/B2a/B31 14}
I 3DS-3 B11/B24/B31

B BDS-2/BDS-3 B11/B2a/B3I

I BDS-3 BIC/B2a/B31
I BDS-2/BDS-3 B1C/B2a/B31
I BDS-3 B11/B2a/B31
126 B BDS-2/BDS-3 B11/B2a/B31

U J7 [ A i em

(=
———

and Evaluation of BDS-2/BDS-3 Precise Point Posi-
tioning[J]. Advances in Space Research, 2021, 68(10):
4113-4128

T & AR, &R, 5. S IR A AR A
B[] AL A AR ,2018,29(1):12-20

WANG M, WANG J, DONG D, et al. Performance of
BDS-3: Satellite Visibility and Dilution of Precision[J].
GPS Solutions,2019,23(2):1-14

WANG Q, JIN S, YUAN L, et al. Estimation and Analy-
sis of BDS-3 Differential Code Biases from MGEX Obser-
vations[J]. Remote Sensing,2020,12(1):68

& i, B ATE, 2 A3, 5 KT BDS-3 ZIRAR LA/ AL
S RAL LU ARG R[] PR R TR,
2021,29(3):293-299

A ARA, B AR, . GPS R KA LM ey £ 45
554 B 4 A7 [J/OL]. (2020-12-24)[2021-12-20]. https://
kns. cnki. net/kems2/article/abstract?v=3u0qlhG8C45S0n9
fL2suRadTyEVI2pW9UrhTDCdPD67Dqpioc424yY SHeQt-
mghZ2Fxxv--1'YRmSSd953gekOUgxP-BUXE 9t&uniplat-
form=NZKPT

AR W B BT A K GNSS R & ALY a5 A7 []]. L F
M25,2020,34(12):1 819-1 824

XA I, B4 &, F. AR R IATN HE
B ZAFAE]. R = 53wksh A 5 ,2011,3105):
14-19

T2 IES], R AT I-Feg 8 KR &M R
A A e B R ARHT]. P ERR R E 5 TS AR,
2020,31(1):75-78

FILE W E AR, BDS £ Hok Ao+ 7%
B SR [T]. MAAFFH AR $IR,2019,36(5):452-457
34 BDS A% Z 3L K R A5 HOR[T]. b M4, 2019,
33(3):296-300

X F. AL SRR Fe Z IR AR R R ARAR T[]]I 4,
2020(3):12-16



