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A Novel GPS Precise Relative Positioning Algorithm for Moving Base Station
DUAN Rong' ,ZHAO Xiubin' ,PANG Chunlei' ,LI Yuan®> ,WANG Yong'
(1. Info. and Navigation College,Air Force Eng. Univ. ,Xi’an 710077, China;2. Unit 94153 of PLA,Xianyang 712200 ,China)

Abstract: Aiming at the issue of immobility of differential reference station in GPS carrier phase differential positioning,an algorithm of

GPS precise relative positioning for moving base station was proposed. Firstly, geometry free measurements were structured based on

Melbourne-Wubbena combination,which were then filtered by moving average filter. The double difference processing was adopted to

further eliminate common error when dynamic user comes into the data link coverage of moving base station,and then the wide lane am-

biguities were obtained. At this time , Kalman filter observation equation was established in combination with carrier phase double differ-

ence geometry based model. Then multipath error was modeled as first order Gauss-Markov random process and brought into state equa-

tion as augmented state parameters, thereby accurate estimate of float solution of L,/L, ambiguity can be obtained. Lastly ,the LAMBDA

method was used to search the fixed ambiguity. Experiment results showed that centimeter level accuracy of relative positioning is ob-

tained, which verifies the validity and applicability of the method.

Key words: global positioning system ( GPS) ;moving base station;multipath; geometry free measurement;integer ambiguity

BET GPS Sl i AH A 25 73 AT L) S BHUK 201
T A AR R A6, 2 o4 3ty — i R [ 58 A B HL AR A
RO . T s S A, I
ShHEER AL L A 2 P A AT
Tn SRR S BRI 1 S [ A A St
G 1A 5 T [T R A8 AR X A7 77 Yk X LA A2 50
SHPBITOR . GPS B sl Bk wl A R (37 A J: 70 2
Y AL Sl ) I3z 3 B 26 15T, B 2l il 2 A 33

Wi HEA 2014 -12 - 11

AR RS T v R A A X7 ¢, G O e i o B
ASFELE S5 I JRTRA) ) bRt SRR A 1) A

FRT, [ P4 A0 56T 30 SRl A X 5 007 55 AR 7 T 11
INTPRRSERIN 80, 1995 4F, Hermann %52 BF5E T
— I 2 B Bl B vl A X S 8L, IR B T K R
SE AR, TR A 2 R B T T 9 T R M
R IF &, BB WA T A, HAS%H
Kwano 25 5 YORE 3l 35 A X 74 AR TAE8L T

EEWB : MR A AP E SR B (61273049 ) ; BRV4 4y A 4R BRA 254 ¥ D) 5T H (2014]M8309)
TEER N B 5 (1986 4F—) I3 b A BFSE 07 1)« TLAEE S0 G BE S O 4R E-mail : duanrong0919@ 163. com

http ://jsuese. scu. edu. cn




53 Br 2R, 55— GPS B Sl Bl R 8 A0S 5 0B 30 vk 131

B AE SN (A A SR Y 30 AR A 26 43 T SR
PABE 253 08 57 HAUAE R 5 3 By BE ) S vk, B
B A e, INEE R Luo* #E FLYKIN #k
PR R T N T 24 18 3 3R 1 MultiKIN
B ENIZBOAR W ICAH R, SCERLS |45 ) —
FhFS Bl B MEuh GPS A 67 22 43 v 88 R ASTRY B2 P s ok
fif 1 A SIS Ty SR S T R K G A X E A
JE AR pl O I B o5 67 B AL 14 00 s A ol BE AN
%1 s SCHR [ 6 ] LA RE B3 A S0 0T 52, iRAIE AL 25 6] 4
PR XS (AR B 4 2R Bk, R B e e fE R K
/0, TIPSR 2 )48 2 3R 3 i G S g g
UE T BR A 50te s STk (7 ] 0 BRI s 29 R 07
B 2 AR B SE AR 2 A B RE, SE L TR
AT ERAC X HE v ASTR B B0 10 o0 1) S B A 5 HL LS
SR B Bl s SCER(8 R SClR [ 7 1 Fr 4 58k v
T RALE AR AL, 3R T ROKR N E A

YEHR T AZ L RKEARBTLFHIEH i
SARZS 1Y Melbourne-Wubbena 2H & #4 i J1a] J6 & )
s, FR i SR M G LAY TG S I R A T
Bl V-4 AT BR BE ML 75 52, 72 8% sl iF A%
) VA Sl SR 7 3 ] B A sl ) AR A ) XL 25 Ak
PR 125 I R R L AR A F o 152 2 FIARE R [i] 13 22 55
SRR 2% ARAT S AR R B, 45 G B AR L 1)
X2 JUART AR AR AR 3 N7 R IR 2 U I ORI 5 %, 3 3k
X2 AR IR 22 4T 1 B Gauss-Markov B HL ik 72 4t
W5 B HAE AR S S ACIRZE T R, 89T RS )
S, (]I SOOI 7 , TS 3545 L, /L, 1A B
TSRS AR T . BJS WA LAMBDA Sk 482
[T o A SRR BE o Ry T v %) L A P R
WRHER T RS B2 S5 5 58 0 kAT T S M 42 28 5
AR, ST JE R G A AR E A B, TN T
HORHLEM A F25 iyl 25 ) AT RS A Sk A
TR A B AR B S A AT T o

1 FHMW ASHIE/LALXNEEKRE
BRI E

1.1 IRim4ssy

HR AN 7] 79 107 FH 365 R 5 % ] 27 AN [R] )
T A MR A X UL DAL 22 3 b B, GNSS UL
(1% BRI BSOS 7R T Sy A 2 S0 A 780 R 2 73 OR300 A 7Y
J3—J7 T, AR RS 75 % il B LART BE B i AT ZePE AL
JF, Teunissen #F — ¥ GNSS WL i A& AU 43 K 2
H07100 | “ geometry-free  model 7 il “ geometry-
based/included model” . [E [N My E 7 FX “ geometry-

free” B0 JCHHAH (5 AR ™ 10 7 I 38 N JLA]
TCCAERY , RIAENLI 7 B v Al B RS p, 4%
HOE A AL, TR B LA R RN il B 45 SR AN
FEAE SN FR “ geometry-based/ included ” 55 5 iy “ A5
AT i AR 1O A R N LT AR SRR Bt
WL 75 P AT 0l B A AR R A, 7 M s A s Ak S i
TGRSR IR B0 DAL AL bR 5 S50
TR, I H TR 0 LA R X il 5 45 SR A B 25
T 2 ST R T B AR 22 T B ) LT JC A R AL
22 JUfRTAH G

1) = 22300 s 1 T LAAp I AR A

XU S UL 5 7%

R T CA

My, +d,) + ey, (1)

Py =pl" o+ fig + TV +c(8t, -8t +
2

W d ) ) @)
2)) WU AR I 7 -

i i I i i i
@ = p kT o -8 MG

1

d((mzlr + I:/\INE;) + )\1<8¢r _6¢(i>>] + SEI:l)r (3>

. . i , . .
D)) =p -G+ T (o, -8) + M)+
2

Al + [N +2,(8p, —80'") ] +d” + &,
(4)
rf PP YR B TR (7 L, Ly A
S DLRE S S B P HE LI 5 @0 ) 435K
Ly 1 Ly 5% b LB 5 7 80457 154 28308 A0 00 00 45
d”ﬁ%WMJQEEiZE%EWﬁ%ﬁéﬂéﬁ
WIS Ly L, 1 B R AER RS, T Rt
JRAEIR R 256, ML A 22,607 g TLRL b 2
My My 535k Ly R L, - (D I 22 B A 4R 225
My My 5351 Ly Ly BRI 22 AR IR 2 5
A g LR ML P 1 25, dY Sk BT MR %
(inter-frequency biases) ;A, A, N{E5 L, F1L, %
KN NS 40500 Ly A1 Ly b AR AR % FE R
HE 35, HAEISUHIL R £ S 1 2 Ko7 00 A 37 3%
255 g T TR 4 K 10 205 HE 52 0 A o 1
e e SR Ly Ly DOEEIER A4 LR
R, a0 e SFBIR L, R Ly B R L
PR,
2) W2 SRR A



132 PO A2 4l (R i)

547 %

2 A e RS ORIy
VA, == (I, = 1)b, + A, VAN + &yiy (5)
VA®S =- (I, - E)b, + A, VAN, + eyih, (6)
Ao, VAGUY VADS g AR TS L LU B R
37 14 X2 28 A (57 R 19k 2 3 5 (KL 1 %
(O-C 35) , VAN VAN 350k L, F1 L, FHIR
LRSI | eyam e vinn SN IS LI 5 2%
I sl BT 2 )7 ] 4 b, LR Tl

2(5) . (6) 4 th T XEMIM Y VAP 55 3Esk
[tk b, ZIEER, Hd, VAL AR R —
TEI 4 AR 0 3180 H A (e M 37 3 2%
W, A, SR b, SR 3 4
[, W2 B RO B VAN g R %, R e, H
LRSI A2 XU 2% B JEL AR 3 VAN S T T LA
SERS S AR XL B A o Pl TR A R R 5 7
WA RIS 3 SO 5 2 A EL A A0 o o 50 1 e
M L A AR A T B S E
1.2 LA NEE

KT AEBNIE(P,) (KK 10.7 cm) F
T AN (D) (KK 86 ecm) f) Melbourne-
Wubbena 214 (fAifx MW 204 "~ by v JLART TE G
WA, XU EhESAE I C/A FA P, 75

gia (1) (2) PRI A ERRN

P = )‘"(PE:) ¥ i)) S el Lo
DY Wz
i ; A )
st =8t +d9 ¢ —2 g 4
C( r ) ar )\1 + Az fr

WLE (Mfoﬁ), M}(;Z)r)+ WILE (8;’1.11 ﬁ) (7)

A+ A0 +/\2 AL+ A TI+A2
25630(3) ((4) , B HPAN AL SRR N
(1) — )\u((I)f:) (I);i)) :pr(i) )\2 [

+ 2=+ T 4
A f
AN,

(8, - 8t') + m(Nl(,” =Ny -
)\IA2 I:(d[(z(LI))lr + dz(z(ll))Zr) +
)\2 - /\1 /\1 /\2
(M;;1>,+Mg;;,)+(ﬁ ‘iz))] (8)
HT MW 15 19 LA T &I & {8 SCUnF -
@' - p
)\u:
e Yo, MR B LA JE T s N o 56 4 4%

JARRIE X, A TEAS LA I K iy BRI D 22

A A,

Ay
A -

dt +
AT

v - SN d vl (9)

dup,  duop
ATk
Az higo L2 0 R R (£
A, A+ A, e
PR 25 n] EE A AL F A G HT R B p B 1 B
Gauss-Markov it # ), H 7 2 K ow =
0'21 0'22 A, — A ? 0';1 U'iz
(,Td: * ,Ti)Jr (/\1 + /\2) (Tl * TZ)’EEP’U” H
ap SR Ly L, 55 MR SR E2E o FI
g SR Ly F L, AR I AR 2
1.3 LXK NEEIHITE S EHIRE
YRS B3 P 5 R B o vl B B O i, R A
TE v U R B 7 5 R B, A 1.2 A5t
() FHEIUATE I A Yo, SR AR SRR I
B XS AR Yy AT BhF- R0 b 2
AR A AR B B AL 22, 15 B BT T ad il &
GEL A WT SR EDE RS T VTR T, SRR R B A
At M = T/At, WA .
i) = XY -man (10)
XTI L Yo RS D S8R T 09 3 F- 3 3%
W, R0 220
oW = j;(%T-zm/TZ)R(T)dT (11)
TE LRI TC I 15 25 AR 1 By Gauss-Markov
BEML RIS , o A AHOC PRECR

K 28 AH A7 o 1% 2, d0)

M-1

R(7) = o e 71" (12)

AR (1) BPAS T LAR] T O & (R S8 7 250
(2 ()2 _

O_(i)Z _ 20'(;F 20’0F 2<1 _ e—T“)/T/) (13>

YGF T(i)/ﬂ - T“”/n

A, ol 2 AR5 22 A IR IA) A 56 5 %50, Ho(H T L
20 ~900 s,

M FET, B T 8, BB I8 A 0T Bl ML 5 (1% S il
K MR H o bl PR i 38, RSt ST AL AR it 2 A4
IEZSS A, R, % 2 AR 22 I [ A % 5 n o~
60 s, JEIR T LAY S T BCH 30 min, B} T/ =30,
1.4 b 2| W E L=

T 7ER% sl FH P gk A B0 6 7 55 X 2 JiRE T2
BERFELERER , AT LhEA T R AR I (R] 9 8 , R T LAn]
TeXMEIEE AR . SRR SR, 78550 55 Ml 55
X A TR AR A H 0 158 25 UM 46 H] 138 25 S5 iR 25 5%
i) , AR MER A SE AR BRI BE N, BB R . DR Ry 2 AR
A7 R T R BB A% 1 B R BB 4 (152 22, i — 2D HE
B B A A Y0 N X RS st FH P RS sl 3k e i 119 Al



53 B

5, 55— GPS B% Bl v il W 2 AR X (7 312 133

75 SN B A T 0 ) B 2 i A T R A A2

T,

VAYG" = VANS + o

A VAV S I 5 B9 W2 JLAR] 6 56 UL 4
VAN g 3% o FRASM BE 5 20 Sl WL 2% U I 15
2 R TT 2N oFer BITES M .
2 E T 5% Kalman jEiER L,/L, &

W F RS LT

TERE Bhuh P i B0 B 18 15 70 L, 7% shul
B AT ARG RS Bh Ik v vl 2 26 19 22 WL AR, 645 08
T R LAY DG 56 S ] 0 28 30k AR AN, LA, 435 6 2%
TR B A2 TR A AR A (TR R WL b 25 45
BIHBR) , TRA

VAY;,‘IIFJ) = VAN ;i’j) t+ e <ViA,];_’>GF,

(14)

VAN = VAN — VAN |
VAD = - (I, - L)b, + A, VAN + &35,
VA®,;) = - (I, - )b, + A, VAN, + &),
(15)
B RN R
VAY,, 0 I -I7 b,
vAad, |=| - =L) ML 0 || VAN, |+
VA, -(I' -F) 0 MILvaN,
Eyavcr
Evap (16)
Evpam

H1 TR Sl Rkt P N FHERSE (Ui T A5 ) S51%
GEREIAEE AN ), HRAT B Y 2 B AR 00, oy 1 ik
AR Kalman S8R AT HE RS BE R AT SEE, 760000 7
e P N AR HEA T , Bt TR A 2 AR L
DN Sy MRS X 22 BRAR ROV R G iR 2 AT A
B IR AR IR ES BN ANRTSTT T,
B RES 1)  [F TR T R, PSS BIR A 16
N X = [b, VAN, VAN, VAM,, ,VAM,,]",

BEMNZEZILIRZE VAM, N 1 B Gauss-Markov
beALat

y 1
VAM, = - "

o, p B EARRZE NI EAH S H B, HAE T By =
20 ~900 s'")
B

VAM,, (17)

VAM,, = e """ VAM,, ,,
FIH XA Kalman J8 PR AS J5 #2 I 5 75
oA
X, = AX,_, + W,
Z, =HX, +V,
& X, = [b,,VAN,,VAN, ,VAM,,, ,VNAM , |}
SR Tos A T S 80 a5 A K AR A B R A B

I 00 O 0
0 I 0 0 0
A=[0 01 O 0 Z, W& EATHICH)
000 "1 0
000 0 "1
WL, Z, = [ VAY, VAD, , VA®, |} ; il 546
0 I -100
MH, =|-(IL-L) A 0 I O ;W,.V, %
-(I'-FE) 0 A O I

R IE 0 5 0 R R A

N =L (18) L (19) 4 K Y Kalman 383 7 2
(NI
X, = AX,_,,

P, =AP,_ A" +Q,_,,

K, =P,H[HPH +R,]', (20)
Xk = Xl._ +K,[Z, - HAXI:J >

P, =[I-KH,P;

A, 0, = cov(W,, W,) = E(WW,"),R, =
cov(V,,V,) = E(V,V,") K, BRIREEW 25 1
B 4 AR P Kalman 308 % 805, 98 % 9 R 45
A () 8 BN R ) A, b WA A ) R AR
{H FH W 45 0 76 0 X2 Oh B 7 R 45 G 28 B A 457 XL L
AR, ZRRET 2 EIRN ove, FARTE T ]
S SCHR[16 — 17 ], ARPER A ) 5 1 90 LR Ak 1A
X, MR I E IR E Py, th3(18) ~ (20) 7T
DI 3 DS AT 5 i 20 88 B ) = 9 e U0 Ak A
N(VAN WIffi5) Bt % 0.

h T B R RCR, R R M T 523
REAH O, B DG A B 75 21 A 8T (R ASOR  [r] 2 10 oA
Z AARIRI T 220 QA

Z = TN,Q; = TQ;T" (21)

5 )i, 38 ) LAMBDA 58751 i 3% JEJASOR B ) [

SEMRS T MR HARREGA B NG Z /RN

305 (TR P 1 52 1 Z




134 PO R 224 ( TARRN 240 B4 %
min (Z - 2)'Q;'(Z - Z) (22) C 04
o z . & 0.2
AT S AR A g 0
_ _ < .02
N=T"2 (23) 2 0467360 400 600800 1000 1200
E 81 1 U SR _ o
< 04
3 Eflatr iog
&
T R RS B L LE W R A R L 4 s 0
- o . = 045360 200 600 800 T000 1200
TR AR BhZS SL5G , X SE PR R 4R B A% B b FH 42 0 B il /s

BRI TIRE IR TS 45 R SR vE(E HEA T L8 LA
B UE SR A T SR
3.1 BRI

FR SRR S S sh 25 10 12, Bt 8t A
2014 4£3 H 13 H L 8 BIEZS TR AR R X
SRR AR TR, SR 2 /1> NovAtel HZISHL , JEk sk Al
sl #4 % F 05>k OEM628 [y 43Uk HL, 2 7815y
GPS =702 - GG [FRUI R [ e AEK BE A 5. 709 m 1Y
TR , DA AR i ) S A T 20 i SR AR
£10° Jrfiff —6. 98°FE N HLHE, REERN 1 Hz, RAE
AR 1 b, B0 1 B A Ry 10°, A 2o o o 0 00 3 it
SRR PF TR A 77 97 16" 19% 237 27" 30%, 1k
B 19" g 3af TLAL , FHAR H A B30 30 0o S I 5 a0k £ 7 Acb
B R AT AR RSN o 1 i R A R A I e ) 1O S 0
HEEEA T LA B R 22 8] 1 ~3 3 o B K
FLERATNf FEE T R 22 4 th &1 1 ~3 ]
DAE S R S S K R 25/ F 2 em,
PP AR ZEAE 0. 4° LN, i MR 22 4E 0. 3° LU, il
JEAE REER TSR UE T 45 A B A IE A

5.73
2.72
5.71
5.70
5.69

0 200 400 600 800 10001200
] /s
(a)
0.02
0.01
0
-0.01

00253060400 600 800 1000 1200

M) /s
(b)

Bl EZKERHRE
Fig.1 Length of baseline and its error

3.2 EHHTRE

Nt — LI UERS SRR AR E LSRR A B 2
PRI MR AR B0 T B 3E A4, 2014 4 3 H 16
H AP 22T SE AN BB EA T 7 AR BRI e )
Bk, REERBON U s, DREBUESEMBON 10°,

AL /m

(b)
2 HEZFAaRHERE

Fig.2 Elevation of baseline and its error

T 6.6

& -6.8

& 70

5 12

4 0 200 400 600 800 1000 1200
i) /s

~ (a)

T 0.4

g 0'3

&

S 02

§ 04200 400 600 800 10001200

P i) /s
(b)

B3 E&AUAREIRE
Fig.3 Azimuth of baseline and its error

1) B )7 %

P Lk St AR Ak FLRZE K B A K AR T
TEBE R BE , PRI, SR FH OURS sl (i 36 0E 7 27, 4
K4 R . BEifEs it ds A B2 Bk
LA E TIES B B4R, B8 1.227 m,
SO — Bt ] (8224 60 min) J5 P LA 3. 2
e S FARRE 1.5 km AR A A0, % 3 20K
LA TS LA UL A A B (L, L, $%) 64T R
A TR HR PO AR (S A Ve o S B 1A
IG5 Hrab B

B4 EEWIEXHEARTEE
Fig.4 Sketch of algorithm validation embodiment

WP 4 Prs , R T BIRE 2 R 3 B BE S o)
FERAR I AIE T d, dy REE2 T3 RLRKED
XL o =P R R R AR = d, -
d, TiEld| = |d, - d, |, RS E LK E
d AHLLEE, BT BRSO AE R 0K o



5 3 1]

B R, 55 —Fh GPS RSl Bk S B & B A 135

2) IR

R 58 305, o3l i % sh SE vl 5 7% 5)
Ul 23 22 [B] AR SRS JEE L, M TSR A HH A% sl i A
Xof R A7 B A SR A AR IR g Uk T S
AR Bl 2 F1 3 Z (A RYAHXI AL, FEiEG S R sl
23 ZHBEA R ER LR S . sl
2 F 3 RS KARFE WA 6 PR

£ 1500
»
2 1000
& 500
R 05300 400 600 800 1000 1200
< NN
(@)
£ 1500
E
& 1000
2500
® 00360400 600 800 1000 1200
< A1) /s
(b)

5 HEBELRKELTML

Fig.5 Dynamic baseline length curves

B 13
N4
I.ZMWWWMMW

L16—200 400 600 800 1000 1200

/m

Lk

ey /s
(a)
E 010
H0.05
o0
3 005
& 1% 260 460 600 800 1000 1200
- INfTa) /s

(b)
Eo6 BHh23BLKERRE
Fig.6 Baseline length and its error of mobile station
2 and 3

HI1E S AT LU Y, B2 Blhulh 2 1 3 R Xk 56 v il 1)
Bl FELR B AR Al 2 HAR — B, 5 SEBR B BUAHAT , X
ST 2 BBl 8 % £E A — 37 A b, DR AR G 2
HESE A B AL AL FEAAH R . i 6 W LA Y, i
P BN AL Bl il 2 8] (1) B L R 22 {HAE = 8 em
VAN, 528U T R sl Bzt 25 0 DR 90 7 RS L
H1 T 2 R sl L R Bty 3 ARS8 5 Ui
AR, b — DR AR RORIR 22, 25 R
FRE R AL, TR B KA R B bR v 2

o HHE—2DIGTE T2 R IEa M
B, X B LA ORI - A BEARE B A
RVEHEAT 0BT BT 45 T — B [ N PRN13 Al
PRN27 PR UG LA JC oI AR BB 2R P, SCrpf 22
C/A WSINERT T 220N 0.4 m, AR 22 P A5G I 1

J72E0 0.2 m, AE 22 FPARRLAY A 45 77 22 0 0. 005
mo [ 7 SRR R LA G VAY .,
TRERILIE PR 22 AT A AR ME RS 14 8 5 T A B A A
BIRERI RN HE RS 7R 28 05 B LT JE 5 I R XL
FAEVAY o LT ATLUE H IRIRICR 35 | 2k 7%
Wl SEASRIMIE VAN, WS, U Hh -1 T Ak LS
VEBATHR A IR BEHLIR S BRCR . B i 28 L
{2 ~3 J&, X543 LA JC I A YV, AR 1500
MR LR C/A 545G

21985

2198.0
21975
2197.0
2196.5
2196.0 -~ -
21955
2195.0
21945

§}3§"2 S ILETEA
2193.0 == B LA JE G A
Y0200 400 600 800 1000 1200

I 1] /s

B7 WEJLATXNEE R 2k E

Fig.7 A double differenced geometry free measure-

PR RS 1 )

ment filter graph

4 #F i

1) 38 3 #3215 0 B R 0L 3R Y GPS
R Bl Bt RS AR X S 5 1 38 J7 V6 = v AT Y, R
FELRIRZE/NT 2 om, B S HELRIRZE/N T 8 em, SLBY
TR AR R RS B, TG E 1 33035 A9 IE
PERA R
2) FEAET MW 205 3 JLAT e G H i, A
ZHL KA B IR % B s a kA, R AR
it SRR e s B XS J LA I S (A T 2l 2
VT BR BEATLIGR P 520 , T A i ) A2 ) A R 22 Ab
I 2 A8 AU TORE S BT R R 2R OK
fiff, RO R 1 S0k R MR PR A e
&t A0 R RS S TR R MY 8 ) DI A 3R
A LA L e R R R X A L, A B TR
GNSS Tek 8 I 3 i/ 2 L L A 3225 o &8 AH 5
SN . B BAR TR S L A Rk —2P
AT
S 3Lk
[1]Tang Weiming, Deng Chenlong,Gao Lifeng. Preliminary re-
sults of single epoch baseline solution based on beidou
navigation satellite system[ ] ]. Geomatics and Information
Science of Wuhan University,2013,38(8) :897 —901. [ f&
TSR T, e i . A=) BT TR LR i T ST



136 PO R A2 4 (T ARERL 2 R0 H41 5

WIBAERLT ] OO 4AR B AR, 2013,38(8)
897 -901. ]

[2]Hermann B R,Evans A G,Law C S,et al. Kinematic on-
the-fly GPS positioning relative to a moving reference
[J]. Journal of the Institute of Navigation,1995,42(3) .
487 -501.

[3]Kawano I,Mokuno M,Kasai T,et al. First autonomous ren-
dezvous using relative GPS navigation by ETS-VII[ ] ].
Journal of the Institute of Navigation,2001,48(1) :49 —56.

[4]Luo N. Preciserelative positioning of multiple moving plat-
forms using GPS carrier phase observables[ D ]. Calgary:
University of Calgary,2009.

[5]Liu LiLong. The research on the precise KINRTK theory
and its applications[ D]. Wuhan: Wuhan University,2005.
[XUSE e Shasxbahzs GPS ks B E i BHie K H i I F
FELD]. 2B PR ,2005. ]

[6]Yu Guorong. Research on kinematic GPS positioning rela-
tive to a moving reference | D ]. Wuhan; Wuhan Universi-
ty,2003. [ My [E 5. BT Rl 275 k1 GPS Sl AH X & fif
B[ D] R UK A,2003. ]

[7] Yang Rengui, Yuan Yunbin, Ou Jikun. Real-time GNSS
carrier phase differential technique for spacecraft rendez-
vous and docking[ J]. Scientia Sinica Physica, Mechanica
& Astronomica,2010,40(5) :651 —657. [ JH{" &, =iz
T, DA 3o AL 552 I 22 23 BRI T AT # A8 2 x4
WHFEL)]. PR R Sy ROC¥,2010,40(5)
651 —657. ]

[8]Li Biao,Cao Kejin,Xu Jiangning,et al. Application of car-
rier phase differential relative navigation for shipboard
landing of aircraft [ C ]//Proceedings of China Satellite
Navigation Conference ( CSNC) 2013. Berlin; Springer-Ver-
lag,2013:189 —196.

[9] Teunissen P J G. GPS double difference statistics; With
and without using satellite geometry[ J]. Journal of Geode-
sy,1997,71(3) :137 - 148.

[10] Amiri-Simkooei A R, Zangeneh-Nejad F, Asgari J. Least-
squares variance component estimation applied to gps ge-
ometry-based observation model [ J]. Journal of Surveying
Engineering,2013,139(4) 176 - 187.

[11] Banville S, Collins P, Lahaye F. Concepts for undiffer-
enced GLONASS ambiguity resolution[ C]//Proceedings of
the 26th International Technical Meeting of the Satellite
Division of The Institute of Navigation ( ION GNSS +
2013). Nashville: The Institute of Navigation,2013.1186 —
1197.

[12]Shi Xiaofei, Sheng Renjun, Gao Chengfa, et al. Dynamic
relative positioning of GPS/BDS based on wide lane am-

biguity [ J ]. Journal of Southeast University: Natural Sci-
ence Edition,2013,43(Sup 11 ) :446 —450. [ Bf/N &, 41
B RUR R BT ST B 29K GPS/BDS B2
XPERLLT ] AR R4 A SRR AR, 2013, 43 (3
) :446 - 450. ]

[13] Cao FErhuang. DSSS/BPSK signal blind estimation re-
search[ D]. Beijing: Beijing University of Posts and Tele-
communications ,2010. [ # — 8. DSSS/BPSK § ' #ii{z 5 H
flitrwWEsE[ D] Jbat AL atlip k2 ,2010. ]

[14]Yang Y,Hatch R R,Sharpe R T.GPS multipath mitiga-
tion in measurement domain and its applications for high
accuracy navigation[ C]//Proceedings of 17th Internation-
al Technical Meeting of the Satellite Division of The In-
stitute of Navigation (ION GNSS 2004 ). Long Beach:The
Institute of Navigation,2004:1124 —1130.

[15]Fan Jianjun, Yong Shaowei, Wang Feixue. Study on mul-
tipath mitigation and dual-frequency fast ambiguity esti-
mation based on Kalman filter[ J]. Journal of Electronics
& Information Technology,2008,30(5) :1075 - 1079. [ {&
7Ny, B RE L IET KRR IR ZARIR 2T R
KRB B R A 31 5 iR 8 [T ] 7 515 B4l
2008,30(5) :1075 - 1079. ]

L16 ] XA, B8 K. GEi 5 S AL B M ). K Vb B R R
R, 1999 :194 - 195.

[17]Chen Yifan,Cheng Weiping, Qian Jinglin,et al. Data as-
similation of river networks using ensemble Kalman filte-
ring algorithm[ J]. Journal of Sichuan University : Engineer-
ing Science Edition,2014,46(4): 26 —32. [ [£—M1,
PP BB, A5 JE TG R AR 2 U T 19 A 15 i dhe
FAELT ] PR 4 : TR, 2014,46 (4) 226 ~
32. ]

[18]Li Bofeng, Verhagen S, Teunissen P J G. GNSS integer
ambiguity estimation and evaluation; LAMBDA and Ps-
LAMBDA[ C]//Proceedings of China Satellite Navigation
Conference ( CSNC) 2013. Berlin; Springer-Verlag, 2013 .
291 -301.

[19]Liu H,Chen Z,Ye W, et al. GNSS carrier phase ambigu-
ity resolution based on integrity restriction in ambiguity
domain[ J]. Advances in Space Research,2014,53(8):
1207 - 1218.

[20] Duan Rong, Zhao Xiubin, Pang Chunlei, et al. Modified
algorithm for GPS rapid integer ambiguity resolution on-
the-fly[ J]. Journal of Huazhong University of Science and
Technology : Natural Science Edition,2014,42 (9) .54 -
58. [ Beog, e, e F i , 4. ik Y GPS % il ) 52
AP AR A ITIE ] R RHEOR e il HAARL
Ji2,2014,42(9) :54 - 58. | (g & H)



