HALE T
2016 4E 7 A

RO K %R - B R 2R

Geomatics and Information Science of Wuhan University

Vol. 41 No. 7
July 2016

DOI: 10. 13203/, whugis20140247

XEHE.1671-8860(2016)07-0989-06

FIF g oe ] A b 2205 it
s E P BT e

RIRE!

58

ERMA #HEK

1 P KRR 5 5 BB Be . W H K 1,410083
2 BRI T I K A R AR L T, 100044

W OEERARMERZASHE GPS R X R AR — R A B L, TH K GPS 2426g A&
BARHEMEERGTER, A ERMBERMNDE TG4 5 BT — AR E R ZH Tk, &5
HEAARRMETEI AN R EZS ZIABB R SHEGADE D AR LA EE L REW X LT ERLEN
A EARA L Bk AL R A BE RS AR RS RGBT B AT AT A AR R 6 B R, K
SRR\ AF HT A ey SAA P AEMEB T RE, AR SG 2 AN,

KGR J AN E 553 &AL B BT
o £ 4y 2 S . P228. 41 SRR A

PR GPS JE 37 0 2R FH 28 8 A7 0L 0 i
PEATBE AL PR PR L AR AT Wi GPS 5E {7 45
{18 I 412 s 8 o ASHH J3E 1 LE A T 5 . ARSI B A R
(R PR ] RE B S R 2 RGPS S
RIS A & SR DS/ £ 3 S i =
AL RE AL B Dy o0 LI AL 2H A8 A 32 O e 2 R
TR EZ A oA K. T LR A
Xt T H MWL T AR 25+ 22 A0 22 18, e Ik [] 9 22 4
Dy SO OLIMEL A 5 AR A5 09 35 T AR A 1 ™ B, H ik
T REHR B Y 2R A5 — MR AE 10° DA b 3 BUSOR) 2
SR VT RS BEARIR , 0 v LE o [ v M B
DR A B AT FE AR L 9 A — B R ) (]
F8 UL 2l R L AT 25 ) o A 3 A X 2
T GPS £ 52 3l 5 A2 P B9 R HT . B X S I (]
P T5 R A ™ X — A, AR 2 AT T
W5 42 Ak R T AR 22 05 vk T AR BT R A
[Fa) L B Al 2L T DU A T R R AT S
DB IR AR RS A R AR L X SE R
TR USR03 g A I DR AR JE [ E B
—EMIEM . 5 Lk 77k B A R A SO —
Aot ) 3 G [8] A s 2 £ S BRSO 52 WA S ) B 7
¥ AR SRR Dy o e) AR AR 22347 1 i ol P

s B HE:2014-09-22

Dy JG18) YR 75 73 5 AR TR L AR A AR 208 3 G 8] Y A
PRZE(E B s A5 RF % A5 BRI BB B2 J5 Rt vh
T2 R RSN B2 A AR AR JRE S RS B i 8. AR S
S RUIZ O IN Hh BR S A S B B L T
R R A 18 I ARASRN [ i H A . AR
TR B 3K 4 Ty 3k T A A i Sk — A AR AR S
WS B T B AR SO R X HTT R WEE

1 EhESHE X RE G AR M B B RE 77 7%

GPS B S B BN "B 2 AP n k&
SRS B 25 D0 0 0 L Ty FR AL oK A L BB — A
37« 105 7 R A 1 o i 2 A 20 3, B 1 T
1 R EC SRR K R BRI EA Rk,
TG Bl 25 7 A 55 B A SR T DL AE AR
E AP S 5 v Y 5 vk R A L T R
T 25 AL B3R S 580 AU BB B S 50
1.1 HREN_RENFRBE™

£ GPS gl 45 % v, ol 2R 50 2 50k 43
XX ik, Xi W ZESH A ESEGX. H
PSS Z 400, QAR B2 2 80, 38D A7 32 U T
LA FRRWT .

TUE BB« WK A AP 2 T (41204024 5 [ 52 I 22 Hb B 5 ) 300 223 Sl F 572 8 < (12-01-06) 3 BRI i 00 222 1] 53 0 2 b P15 60 ) B

S5 7 O 5T 42 (20111202W)

F—EF WRIRE LA RN GPS Bl AN X2 (5804 4k 5 IR SE . yichen218@163. com

BWAEE . S EHE. . FL P, yizhonghai@163. com



990 WO S

2016 4 7 H

N N, (X
[Ngl sz X,
W3k 5 A 1 e e T T A A B
Xi = Ny (w; — Ni2 X)) 2
M.X, = R, (3)
K H M, =Ny, -NoNit' Nz s Ry =w, —Noy N wy
T n AP 3 3 () AT BN AR AR B e
WYL DT

w
} (D

wWoy

> (M), X, = >, (R, D
i=1 i=1

n DI ICHIEER B 280 X, A A R B =0 (4
A M X, MG 8 X A8 B E AR 4 X
COLIRVSI RN 7E 2 i .

1.2 FAHITELIREE 2 NRER E EE
L2.1 hFRp LR =R Z 5 A
BB ALl P B 28 2R AR AR T W] R A T
ADg: = Ap, T A, « dx, + At —

Adion, + Adtrop, +AAN +¢ (5)
AP, A WU PREZE T 5 AR t R T0 30 R
BB ALILIAEL 5 A S BPE B K5 0 Dy il AR FR WD EL
TR AU R EES ; Sion, Strop MK IR Fm HL 2, X
i FE AE IR 5 dae Sy Y B i A B el T G B BR R )
PR R cor R 22 s N B L 5 3R 8K
ARSI S e 7

Xf TR AR L il Bn B 22 BRI R T TR ph 2
SO BRI 55 7 TR BUIE R 2 B T R R A 3R
WL 4544 R Sk bR P e IR E A E B R E IR
XF i J2 AE IR AR AR R 22 RN R DA B A R 25 5
M 3 A (B 8% 25 . D FE £ HEAR
J3 TG 8] 22 53 W] K S i s i G () — R 28 43 B AY

v = A,2 « (dx,, —dx,)) + (A,2 7A’| ) .

dx, + AT —1 (6)
A, l= ()LAgo,Z — A, ) — (A‘o,2 — Ao, ) AT =
A cot, — A cot, o T I LRI AR BT A 7 B
FEARX A7 B AR AR /N B R ARy 28 A AR
I F (A, — A, ) - der, SO BR  TE 1 3K %
5377 R FZ R AT R AT A5
|72, |<<V3 (1 do? |4 dSw +dS") /ol + AR,
D)
Reb oyt RTUR p AERLED = 0k 2 50 07 B
Z2I5dS,., A ASP ARIR RIS Wi sl AR 1 B %)
2 1, W2 ES 5 dp” R ¢ 21 3 ¢, W Z)
a5 TR p 0ulh BT ER B A8 i s of
b SIS TR p OB B s AR, 275 1,
I 220 3 2l ol ARl A AR B AR AR AT SR R . BIR AR
M BARE AT 2 WSR3, & R s R o

— KT 20 000 km, 3 B2 B B AF 1B /N F 800
m/s,GPS TRIZZHE/NT 3 800 m/s, I Jii 3l
ol AL AR T A H D BE 22 43 28 7 45 58 I — i AT R
B AR, <<10 m, X4 Ji 3l o 3 B A K F 250 m/s
B A
[ yh o, [ 4.2X107° « (1 — 1) (8)
BN A 8 L R A R — BN (1) 43
SIEL 0.1 s\ 1 s.5 s B o 2% o2 T B0 A PR i
ZEAKIR N 0.42 mm. 4. 2 mm.21 mm, 7] 3 Fr 500
iy AR 25 38 /N T A% R IR 22, BT DAY R FE R
B (A, —A, )« dx, WARXT T L &AEH /N, /]
Kz wiak Ak im0, 4 Ade, =dr, —
dx,, U3 B 3 TE ) 0 2 3 AR ) 32 g
'UZA,2 °Ad1‘,z+AT—Z 9)
X b 3R Ty 0T 25 43 5 A T 25 18 BE AL AR
LT R TL A AR A IR TR R
T4 e, n] A f N AR ik g S M T O ] A A
25 Ndx ST 250 D s,
1.2.2 mARAIFEZESEME X7 RFKA
FREE — 1o MR A JI I, B A B s
ZIT- 2
(X, = (Nu) 'y (woy — NpXe ), (10)
(X)), = (Nu) ' (wy —NipXy), (A1)
25 J8 T TG ) A b 25 L T AL 3 R DLOL I R
Adr, = (X)), — (X)), 1Py, = D3l (12)
P Dy, S T3 TG 18] A B 25 1 Wb J7 22 [ 5 Py N JE
UL 75 B . KX (10) A DL AR (12)
A
Adx, = M, — M, X. (13)
L, M, = (N ' (wi), — (N ' e
(wi), 1sM, = (Nu) 'y (Ni2), — (Nu) 'y e
(Ni2)i 10 % f=M,— Adx, .M, =M,P... M, -
R, =M, P f W] R L0000 5 72 2K (13) X Rf 19 3
TN
M.X, =R, (14)
A (1D 53 (D AT A 5 RIKE 5 4000 )
1277 R SR B T R O R T (AR B A T
P X o AP0 Bk B R

(>0 (M), + D) (M), )X =
i=1 i=2
> (R, + D) (R, (15)
i=1 i=2
2 WO

TR 5 0 S PR RO s B LA P Rl



SR B 35 E A R 991

HALEE T AR 0 255« T 7 ) 4 2
LAEITY LB
&l HAR AN R T R 2R R R R
Jri) .

7r % 2 R i oula) 22 o0 4 I A R Al AR 22 1R
SLT AR BE 3 T3 A ORI R TR .

Jrg 1 N E R B TR TT R 2 TR
LA SEA B 25 08 T ool A pn 22 45 B . AR BL
Ak B AR AN EL 1P s L REOR) B A R T A R
LAMBDA 1

Kot I

AU ZETT

FOR BV RE S
E= R,

ORI JSE V7 S A

OB TR

[LAMBDAVE i 2 BB |

A b it 52 fi

BT Bl Ab B R AR

Fig. 1 Flowchart of Data Processing

AR BT S5 <

2.1 HOl 1. BSHBEEMNSEM

BEHL T — B¢ 20 min 9 52 0 5 8 808 R K
2950 5 m B R AR RS 1 s, TR Bk & A
S 15°, AR 7, TR SRkl 14,22,
25.29.30.31.32, LI EE Al K 14 5 LR NS
% B reklib F 5 B4 rikpost £ 57 1 5
Ll —4.942 6,1.825 8,—0.952 271, 6 ™M
2 MR B [ 2 fR [ — 7 793 244,516 140, —272
575,—725 277,—59 522,—566 697, F ML

B Mk DL iR g5 RN S i

BT ERDEEE. TR25TE 1#
BREE FEANE A, BT LR R A T O E 2 |
ALK ERE MRS S % LKW 2EM ds
Moy A GO0 IR 2 iR . BEERK 225 ds 76 5
mm JEHE NI s, H RMS {H 5 0.0 015 m, % Bl
BT R R A R R TR .

3VE AR R B BE V7 A R RS FE I Ratio
(L Bt UL ) B AR Ak . P 3 Hp s N 3 B 77

NN FREMEN S . | - (. Fonm i
(¥ 2 JEHC M DN2= || N—N ||, SRAEKH B TF 17

FRBORERES . AN 3 R LU XX?%TE*EHF‘Z?IE
figk PO JRE it O 00 s T % Do 42 g o 2 0L B
Iﬂiﬁc%ﬂﬂﬂ‘,Elﬂ?/fﬁﬁﬁ?&@?ziﬁﬁ*ﬁﬂgmﬁﬁ?

ds /(x107 m)

0 400 800 1200
I [ /d

Kl 2 FLKERE/m
Fig. 2 Accuracy of Baseline Length/m

K BERC2E o THs T3 T [ AL b 22 A B A B AR 32
07 RE R ) AT DA B3 5 AR A e A L A B
8 B 9 3 A

120
—— i %l
90 —l— %2
g 60
a
Z
a
301
0
0 30 60 90

I i) /s

3 WM B A B
Fig. 3 Accuracy of Float Ambiguity Solution/cycle

25

_v_jj%l
201 —— i

RatiofH

0 100 200 300 400
I 1)/s

4 Ratio {H
Fig. 4 Value of Ratio

NI A4 Fra] LU Y 78 0000 e 8] 4 06 i 75 58
2 7H 443 Ratio Y] 2R T 77 % 1 #Y Ratio
(R 5 2 Bz 05 %8 1 BR8] 5E Y /] 5E 1k
S5 o (EE R A UL B 1) A 30 A Y 25 R
RBWgN AN EES AT R VLT R 2
RO B0 o 33X 2 1h T il A UL D00 P 1) 6 39 A ok AL
25 K © S AR B o 8 35 1 A2 A s R 5 A 19 9 25



992

RO K F R -

2016 4 7 H

PEEG R UEE . L3 ATRLE W 70 s Ji5 A
L P a5 AR L ELA B R R BE . AR AROR B AE PR
[ A AT S0 B9 2 7 RS T 8 L 4 B[R] Y
JI V6 R A T RI 5 9 TR B X i — TR T i
WHE . B T i A SR A E. A T EH
WL UE BRI 7 35 A ABRH) 38 38 7 Ay PRk A 3 b iy A0
J. . %) Ratio BI{EAK K % B H 2. 5.3.0.3.5.4. 0 A}

AN J3E (5] 5 ) o e 2 4 L0 B ] 2B A5 8 1 ] B
L XA JRE P I I T S B ) AR JRE i 2 10
A D ol 52 TEAR B E I 2 I R AT GE L eI 4G
KU 1 Przs. 3 1 a] . DAk BB 2 [ 5 1Y)
FA R B A TR 2 TR 1 P
I [E] 2420 9 LA AR B9 e A 02 e A i 35 1 . 2 W
T A RO T R [ R 1

x1 EWEBETHERE/s
Tab.1 Time Required to Fix Ambiguity/s
=X/ BHl 2
[ 2 F5 A5 /s Ratio [ {4 Ratio [#{H
25 3.0 3.5 40 DREE EREE —om—m e o BREE RREE
g1 19 22 24 47 1 1 250 500 565 590 50 75
e 1 6 4 22 2 2 190 210 270 500 15 15
25 15 16 10 25 2 2 60 290 295 90 35 60
thtk/ % 79 73 42 53 50 50 24 58 52 15 70 80
2.2 Bl 2. MNHSHIERE 25
BT —BE 20 min (9 CHLAL I B0 A5 Kol L R _ —v— =
20 —— %2

T BR > 5 s TUAR LR 1 B2 A O 157, TR WL 4%
N7 BRGSO 2.4,10,12,13,17 .24, L
JEfRRI 4 5 RIS FH R . 6 A W2
A IE A% [ —2.18.1,0,—2, —854 748], JZk
R JEE it LI I ] 9 AR AL AR BT 5 BT

12

LR K S /km

0 1 1
0 400 800

IS 8] /s
FEL K Z  km
Baseline Length/km

1200

Il 5
5

Fig.

[l RE AR IR IR PR 7 64T 7315 B 6.
T AU B JEE T AR I Ratio fELRE LI
JCHY AL . SRS R 1 MRS O3 X 0 AR L [
SE T AT T 400t ik 1 Bk WA B 2
(1 S g6 25 5 rh AT LA S50 1 AR R 9 459, B
P 7 [ A8 s 22 45 S A4 (88 T T LA 20 8 o I [ UL
TN ik Ty R I A T A 8 A RTE O AM E
T AR > AT 82 1 A0 J3E [T 5 8 58 0 Rl

3 & iE

ARSCHR T — ) D O 1) A8 0 22 A5 R B

176 (5s)

UMY 8 V7 A /)
Fig. 6 Accuracy of Float Ambiguity Solution/cycle

Kl 6

—— i %1
5t —— i x2
@ 4y
=
33t

120

40 60 80 100

0 20
Pigc (5s)
Kl 7 Ratio f&

Fig. 7 Value of Ratio

By A58 L v BRI E I RE R k. SRR A R 3R
B - A5 5 A2 I I DD DG TR] AR BR 22 A5 B+ AT LA A
A0 38 35 T R 93 25 e B R AR B O AR AR B
T BRASE R[] 72 o EL AR L 8] 2 Al g 1k e
PR TR AR . EORAE B A E L P AT AR 48 D o 1]
SE ] LI TR R /D 3 OG0k i oG ) AR s 2
W S DL GBS T DUAE RE 67 3 58 R s 2 7 G [a]
bR ZEfFE R EM. % EE HATZ GNSS R4



5 A1 5 T

Wi 2 26 < R P D G ] A o 2 £ S80I PR 2l 25 5 07 R BB 2 181 5

993

AR PR i i R TR OB AP 2 AR SR A
JIERA BT W AT 0 g A Ak B 2
Jr REW T ARG A o A A] REE — 25 i DRSO 2 114
I R R XK R — P T R .

(1]

(2]

(3]

[4]

(5]

(6]

7]

(8]

Z £ X W

Wang Zhenjie. Research on the Regularization Solu-
tions of IlI-Posed Problems in Geodesy[ D]. Wuhan:
Graduate University of Chinese Academy of Sci-
ences (Institude of Geodesy and Geophysics), 2003
CEHRA. Kt I 35 b AN 35 € o) 8514 1 D) AL A ik F
D] R s o [ RE 2 B M & 5 3t 2R 4 2B 5
2003)

Hoerl A E, Kennard R W. Ridge Regression: Bi-
ased Estimation for Nonorthogonal Problems[]].
Technometrics, 1970, 12(1); 55-67

Wang ZheJie, Ou JiKun, Liu LinTao. Investigation
on Solutions of Ill-conditioned Problems in Rapid
Positioning Using Single Frequency GPS Receivers
[J]. Acta Geodaetica et Cartographica Sinica,
2005, 34(3) :196-201 CEHRA . B il MIAR TG, o0
A GPS e g A o A R) R R s F AR L) ] 4
2F 4% .2005,34(3) :196-201)

Lu XiuShan, Wang Zhenjie, OU Ji-kun. Several-
Epoch Algorithm in Short Baseline Rapid Positio-
ning Using Single Frequency GPS Receivers [ ] ].
Geomatics and Information Science of Wuhan Uni-
versity, 2007, 32(6). 1 147-1 151 (J5 % 11, F ¥
AR M. B GPS SRkt g 47 Hh vy > B
JTERELT ] R4k - 5 BB AR . 2007, 32
(6):1147-1 151)

Hansen P C. The Truncated SVD As a Method for
Regularization[ ] ]. BIT Numerical Mathematics ,
1987, 27(4) . 534-553

Wang Xinzhou, Liu Dingyou. Iteration Method by
Correcting Characteristic Value for Ill-Conditioned
Equations in the Least Square Estimations [ ] ].
Journal of Hubei Institute for Nationalities (Nat-
ural Sciences), 2002,20(3): 1-4 (EFHHM . X T .
FoNZ el v vk o R AR LT, WL R
S BE A CHARBHARRD 2 2002,20(3) 1 1-4)

Guo Qiuying, Hu Zhenqi. Application of Genetic
Algorithm to Solve Ill-Conditioned Equations for
GPS Rapid Positioning [ J]. Geomatics and Infor-
mation Science of Wuhan University, 2009, 34
(2): 240-243(FRRBk S, WIPRBL. BAZSE 7L GPS R
HE LS T R R g B LD, UK R
{5 BB A, 2009,34(2) : 240-243)

Xu Guochang. GPS Theory, Algorithms and Appli-
cations M]. 2nd ed. Beijing: Tsinghua University

[9]

(10]

[11]

[12]

[13]

[14]

[15]

[16] Teunissen P J G.

[17]

[18]

Press, 2011. 123-126 (¥ |5 5. GPS Mg kY
MM 2 fR. db gt 3 AR R % A . 2011123+
126)

Chen W, Hu C, LiZ, et al. Kinematic GPS Precise
Point Positioning for Sea Level Monitoring with
GPS Buoy[J]. Positioning, 2004, 1(8):302-307
Yu Wenbo, Gao Guojiang, Zhao Yan, et al. An
Approach-Search Algorithm Used in GPS Single
Frequency Kinematic Relative Positioning [ J J.
Journal of Beijing University of Aeronautics and
Astronautics » 2002, 28 (2) . 242-244 (A7 XA .5
VL B R 455, BT GPS 3l 25 M0 X R A7 1Y 1R 2 i
T AR AR L) ] AE 50 A AR Ko 24k, 2002, 28
(2):242-244)

Liu Zhong, Huang Guanwen, Ding Xiaoguang. Se-
quential Adjustment Uniform Model for GPS Kine-
matics Positioning [ J]. Jowrnal of Earth Sciences
and Environment, 2008 (3): 319-322 (X /&, %% W
TG, GPS i@ Ay BEP- 22 48— AL .
HoBR B} 5 R 2 41, 2008(3) : 319-322)

Li Tianwen. GPS Principles and Applications [ M].
2nd ed. Beijing: Science Press, 2010: 94-98 (Z& X
3. GPS R RN LMD, 55 —RR. JEat B R
#,2010:94-98)

Yuan Hong, Wan Weixing, Ning Baiqi, et al. A
New Cyecle Slip Detection and Correction Method U-
sing Triple Differences Solution[J]. Acta Geodaeti-
ca et Cartographica Sinica, 1998, 27(3): 3-8 (&
HOTDE. FHF. % EFZ2Mans5ea
GPS A0 O 5 BB i ()], W 4 2 4, 1998, 27
(3):3-8)

Chen Junping, Wang Jiexian. Kinematic Precise Or-
bit Determination of Low Earth Orbiter Based on
Epoch-difference Strategy[ J]. Journal of Geodesy
and Geodynamics, 2007, 29(4); 57-61 (EBF. £
fift 56, T onla) 2 3 iAREL TR 8 3 20 % 2 L
(1. il 45 M Bk 3 12, 2007,29(4) :57-61)
Jin S, Wang J. Impacts of Stochastic Modeling on
GPS-Derived ZTD Estimations[ C]. IONGNSS 17th
International Technical Meeting of the Satellite Divi-
sion, Long Beach, CA, 2004

The Least-Squares Ambiguity
Decorrelation Adjustment; A Method for Fast GPS
Integer Ambiguity Estimation[J]. Journal of Ge-
odesy, 1995, 70(1/2): 65-82

Teunissen P,de Jonge P, Tiberius C. The Volume
of the GPS Ambiguity Search Space and Its Rele-
vance for Integer Ambiguity Resolution[ C]. Pro-
ceedings of Ton GPS, Institute of Navigation, Kan-
sas City, MO, USA, 1996

Teunissen P J G, de Jonge P J, Tiberius C. The



994 RV EUNE S S [ I SE I 2016 4 7 H

Least-Squares Ambiguity Decorrelation Adjust- 79(9): 552-565

ment; Its Performance on Short GPS Baselines and [207] Guo Qiuying. Data Processing of GPS Rapid Precise

Short Observation Spans[J]. Jowrnal of geodesy , Positioning[ M]. Xuzhou: China University of Min-

1997, 71(10) : 589-602 ing and Technology Press, 2011: 69-71 (¥ fk 9z,
[19] Chang X W, Yang X, Zhou T. MLAMBDA: A GPS P 2 & 7 50t b B IM L M . v 9k

Modified LAMBDA Method for Integer Least- FeF R AL ,2011.69-71)

Squares Estimation[J]. Jowrnal o f Geodesy, 2005,

Accelerating Ambiguity Fixing in Kinematic Positioning Using
Epoch-differenced Coordinate Information

CHEN Yuanjun' YI Zhonghai'® KUANG Cuilin' DAI Wujiao'
1 School of Geosciences and Info-Physics, Central South University, Changsha 410083, China
2 Key Laboratory for Urban Geomatics of National Administration of Surveying, Mapping and

Geoinformation, Beijing 100044, China

Abstract: Ambiguity resolution is one of the key technologies for high precision GPS positioning. Ac-
celerating ambiguity fixing can expand the application and improve the reliability of GPS positioning.
Based on the characteristics of single-frequency GPS kinematic positioning, a new method to accelerate
ambiguity fixing is proposed in this paper. First, a receiver and epoch double differenced approach was
used to get the epoch-differenced coordinate information between neighbouring epochs. Then, the ep-
och-differenced coordinate information is combined with the ambiguity normal equation. Adding ep-
och-differenced coordinate information to the ambiguity normal equation can decrease the ill-posed-
ness of the normal equation, so the accuracy of the floating ambiguity solution was improved and the
convergence time of ambiguity was shortened. Experimental results show that the new method can ac-
celerate ambiguity resolution in GPS relative kinematic positioning with good application value.

Key words: epoch difference; kinematic positioning; ambiguity resolution
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