42 & 8 12 )
2017 4£ 12 A

ROk ¥R - BB

Geomatics and Information Science of Wuhan University

Vol.42 No.12
Dec. 2017

DOI:10.13203/j.whugis20150515

XERHS.1671-8860(2017)12-1779-06

R EE LR BDS — 5 2k Pk 4H A& W =P8 4k

waEE Nen

x| 5 !

H¥EE' TaHE

1 FRETRRYSM KB TR W M . 450052

W E.L T A £ (geometry-free, GF) #o ¥ & & £ % (ionosphere-free, IF) #9 = 47 & 45 3, 0k & M 28 & 3L )
T HTHRT oS ELRAARRLE SN IUMTEBAAXRERGY R, THRXER TP RAL
EMEME., FERNTALIZEFREALBD) TR ALY EMF o) GF F= IF K500l 2 247 T 4t
KAt BT H RN ZESHEAMNFHE  RERFRDAAT GEFRIFHEAAESUNZ, REH
BB E AT EAESNMNELS REB AN EHTRAEEAES,FIEARKEFEGALAT GF
Fo IF 09 B AMANMNE, HHEASHA AT HFABAAAAIELRN T2 8, FRE LB RFRATT AL
o AREFAEAEBME R AN, B 2R EMNARXKBRTTRIESH, EREAN, 2T —Bor R 6 -F
B ZJG A e RN B R AR R £ AR S F) 0.5 B VA I, AN d 52 FLEE M 64 e ik R B B T,

K HE1F :BDS; TCAR; RTKBEM E M A AT R A WA ;0 & ERAMA

hEESES P228.41 MRS A

e F LA JE 5 (geometry-free, GF) Fl HE &5 )2
Jo 3 (ionosphere-free, IF) A J5 4f 2% AH 157 2k P
A WL S B T — B H )2 A SR I ) % [E] TR
50000 3ty TR L AT B 5 A DG 15 22 T Y 52 el , W] A R0
FHF A L B AR LR 5 . R T RE A% ) il B
BRI BE 800, 5 B 3 AN TE G 1y JE #UL4H & L
i, TR AR OR L QAT A5 B 5 AN &P T o
GF Fl IF M4k Pk 20 & W00 5, [ N 4b 2 itk A7
TREMPRY BATHEZABNEL. XT
R FE 2 B80T ) 28 00 AR A8 SO0 8 R A5 £ O 0 £
FLA S A UL e A, ] R T L A £k M A
AU LT 3 AL AR E (GB) 9 414 W
W LR BCOIL AT JE 56 B9 £ P 4 & I . e Ab,
Li %38 ik GF M IF 0977 B 17 25 AR B0 B2 19 i
. Wang' ™ 4858 i WA~ GF F1IF 41 U I &
5N TC O G I B AT TS, IR
1 GPS I Galileo = S B fls #4710 b . A
SCEPXT BDS = HF 5 R 8 T R 4 i
W GF R IF ZePEdl & W i $E 47 T WF oY, 45
& BDS =55 B dl E AT TSR, SRR
W, 284 — B ) (9 °F- 9 2 05 - A 52 IASOR B 1 ke
E T [ 5E

i B H:2016-02-26

1 GF#IF Z3n&AEMERE

VFZ W AR R W, = & F .1
VBN 48 i £ (extra-wide-lane, EWL), B & K I
Ko A M RIS Pl S 2 B R S O R R R 4
PF R W 5 AT AR B [ L B R
o 1o AR GF WA IF, R HAN (D B A
R E R S

N1 =l (P — @10 /A1 W

Go—1.0 =@0.-1.0 TAw.-1.0 Nw.—1.1)

K Ao, R L K 6 FAE 2 A St

24 (BDS) . A.—1.1, = 4.884 m; A

Fi@ao. 1. 27N BB 2] 15 0y v A UL

HLOATHF R — 2% GF FIF 244 W0 i) 38 B

ikt

1.1 EF oo . HEZ/ GF M IF %W
=R FE

3 3 3 (2) F4 1 B A% RE LU R (LT e m)

¢, =a; *Li+a,L,+ta;L;+
by * @1y T by o Py (2)

S U A RN, BN GNSS % B s AL B 5 7 WA 9T . xiejiantao0911 @ sina.com



1780

RO K

2017 4 12 H

HF BDS 9 £ BE UL & P, BA A 18
JE PR LR @ o0 LA B 3 AT 38 I8 00 0
L,.L, Al L, —&HATELELAS . AHH WM 5
BEMESH N, .

N,=a,*N,+0b,+*Ny,+c,+N; (3

. N e a, 'f1

Koa, b, Mlce, HEHK L a = .
b, [ . f . X "

as; — f Zvaxf f 3;f1» j‘jﬁ*ﬂgﬂéj’ﬂl,ﬁy

NI N, Ny 3R Ly L, Ly b )% [ R
BESE, MR GF FIIF DL K414 2 5 i

PRI & YRS () L (5)
a, 'f1+b,l 'fz‘f’Cj .f3—|—b0—|—l71= 0 (1)
fa
/i fi

fieCa, +0b, - E+cf .

S
/1
bo * Pw.—1.1» * 5
P 15
J—it':':' 9,8«).,71.1) ﬂﬂ Do.—1.D E@%%Eﬁﬂ%ﬁ»ﬂyﬁ
H—1.59, BAAHE T b #2 2 BSR4 ], KR 132 25
e  HAE 2R o, (RN .m) N .

I

f3+

(5

=b,

a, * fl b, » fz by o fz Cp fa by e fs
.= | ): 4 ( — )+ (— + )?) e oi + b1 e a5 (6)
d’ /\/ fl‘ fl‘ f(p((). 1.1 f;r f{p((). 1.1 61 ! Glg
:—tttf:', f‘ga(()-*l.l) :fz *fﬁ ﬁ_‘@m_ﬂ_“ . fz fZl Jrf2l fzfz
y ke the b F ke, s — 22 P ERR
" /. ’ “ M, o M,
b, _m sa, +m, b, +my e, : i*ﬁm.ﬂ.l) - ﬁJrf% °Zf%
I " :fa Cp.—) /3 .
f“i 3 Ml s K3 1\42 ’
fi+= ) )
f - 0,—1., ‘f i B f
m, = ! B<M11 D 1; k= sz ; M, ﬁ+ﬁ<o.—1.1>; MZZ_T%_B((),fl.Uo
B o, e LR S B A5 E
. . kyca, tkyob, Thyeoc, ,
=2 LTk, =T Ths eyl
A,r fz M A.z f¢<o.71.1> 7
oo kyob, +hyoc, , , L
(c, + Lt +f2 AL C’)“-fg)-ai—}—(ml°a1—§—mg-/)l—|—m3-c,,)“-af,gjz
J ¢.—1.1)

A f, oA, =c HH kb ko ks HIEE b,
B R R, T o, BT 0. b, R
o, WEEL S £, T, B DM ot A E
T EL W B R RO I B B
IO 1 5 130 2 580 R

P,=P(] z |<

) (8

20

n

2oy o ey
ﬁqjyaim:%;n NI e, a, b, M, B

BUEzs AR E N — 10,107, 253 o5 B H/D
AR B a, b, Fc, , BELEL,

*x1 RMR4s
Tab.1 Optimal Combination
P./%
(aysbasce) ot /A :
n=1 n=10
(1,—(v+1),v) 0.339 2 53.89 98.02

F1Ho€[0,9] .07, R (a, b, c.) W
RIER A, — (o+1),v) SRR R A A I Y
W EE RS 0.339 2 . A SCHUE A GF
FMIFHGWMEN oa. 1.0 B Ca,sb,sc,) =

(1, —1,0), iy T M P K- 15 20 5 4038 D) B 445 g
RIEKIHEGWRS  =a, « [1Fb, + fote.»
f3 fi—r%ﬁ%@] Aa, 1.<>):O-847 m9ﬁﬁj§ s Q. 1.0)%7

$i 4 (wide-lane, WL) 241 & Wl & . 2 & 0L &
A REOLE 2,
x2 HERY
Tab.2 Combination Coefficients
(assboscy) ai as as by b1
(1,—1,0) 4.4104 —3.4104 0 2.873 1 —3.8731

MR 1ALLEH, & 10 Moz
Jo S BH) [ R AR L IR T 98 %, K 2
Woa, b, ., ZHFZMERNE T No. 1 R
B & H X TRFAEHE R a, b,
c, TR R NG B, HRDM RE KR AT G O
Nao. 05 N, T EEH SRS R . Fik, 2
REUXF 3 AT s 480 I R S A5 A0 3 E A i GRS
AN TC O M A
1.2 F =4 GF # IF RN EE B F %

AR I T A 2 1 25 YR T e A 45 381 1) A
BEZHCH N, N, 58 = A6 000 & i 5515 2



A2 B 12

WHaEHS . PR IL R BDS =

W P 2 WL ) A 1781

R E S 8O N 153,
NJ :alN1+b,lNz +CJN3

T L L, 0 3 IS T Pl B 0L 0
DAL I T 57 3 5 (12) 40 3 37 1 00

WIREFE 5 £ f, B f0 TBR M T of HUKR R
BoE—A ., Bos =0.01 8, % BDS By 3 45
WER A £, (1 561.098 MHz), £, (1 207.14 MHz) .
f3(1268.520 MH2) R AKX (19) . i1 H A F] 0. =1
912 3 Ji, i) A B LA A W3k 3,

®3 mMASF

Tab.3 Optimal Combination
o</ JH n=1 n=10 n=100 n=200
1.912 3 10.40 32.07 80.89 93.55

3% 3 B] 50, XF T % 8 (narrow-lane, NL) £
R FEE A VRE O [ E L 7R B — IR R A ) B S T AR
T4 A U M s 520 AR DL R &K

Ny:aleJFbyNz +(’_\,N3 (9) ~
N —a Nl 1 bH.N, Fc.N L; == alLl +G2LZ +a3Lg +Z}0Lx +bll‘y 12
: T A AN 2 21N 3
N \‘ \D g‘ /K\
¥ 38 () 7 MR 5 B GF 1 [F Wi 43R & 44
g.
76 cy —c.b, b.c, —c.b, 4_‘_;)0 Sy
N b,c,—c, b b,c. —cybl.”y TK-n f f f§ (13)
— . b;(}' 7("le' - b:(—“r 7 C:b‘r - +{70 +bl 7
K=a.—a, boo,—cib, by, —c,b, ‘ f f‘
aop 2T ,
Ha,+b6,+tc,=0,a,+b,+tc,=00[1F3 K= gi=af1F+bf:Fcifssi=x,y,2 »
ao b e L EE N, 5N, N, X b —a, b, f;l+ ? =2y
W K0, N, N, f85[E 5. 55, e ’ *
- Y b S 7 I‘l‘%’fﬁ‘%ﬂ:
L, =%l 2 LN f.(gh. —g.hy)
S e S S by ==
B ¥ bof ¥ f(g.hy —gh) (15)
L, =2+ 220, + 200 4 N, fo(8h. —gh)
f ¥ fy f) bl -
fz(g.x-hy _g.yhf)
a1y
PON O = il - L LY X
a;fl a.lfl avfl b:fz blf2 b fz
L.=( + + ——) « L, +( -+ « L, +
fo 0 fo 1 R L L (6
(C‘:f3+('1f3+('yf3).L b o N. oA b, « N. 2
f: fl. fy 3 0 x 1 v Y
X2 A 2 S5 R R D AR F P —(a tq Sohe—8hy  8h. g
0. = abs(K) an P — (b, +¢ gh.—8hy,  gh.—8.h.
b — (O w — )y _ )
Rt abs FRBAN . gl ek g e
_ 8h. —8hy,  8.h.—8.h,,
P.=(.+ec, . gk L‘ygjhy*gyh‘,)
(18)
Ha,+6,+c, =0,a,+b,+c,=0 nJ 53 .
» o e S S D S D (19)
: abs((f1 — f )1 — )y — f3))
H A RTLUE L5 =4 GF HIIF 416 W & 1 TR AR E fo=a. « f1+tb.* foTc.

fos ASCHUE =4 GF 1 IF 4 & Wi & o4
SD(O,O.l)?EI](a yb 8o C . ):(O O 1) 50(001)%7 NLQH

AL HE MRS DR (@b =
(19_150)9611:09a2:09a3:1,b(>:9.413 2,
b, =—10.413 2,

2 ZHIIES S

2.1 EHIE

AT ISR A B R AT A e B — A
53 km  WRINBHE h 24 h, SR REEIFE A 30 s 1Y
BDS =0 A S 4 B AT SE IR e E , TR &



1782

RO K

fri &

BWEMBE N 15°, I 5 4 TA X . Co1-Co2,
C03-C04 , C03-C06, C03-C09, C07-C10, 43 5| %F
EWL. WL Fl NL R B 17 5 F 17 50O S0 1], 58
B RNE 1~5 iR, Bl 1~5 P as &R
2 A D3 70 B IF ST 1 2 S 0 25 .
2.2 XZBIagH

M 1~5 " LIE S, 8 EWL W &1 5 .
BT TC AR AR BE O 22 34 /T 0.5 JAl, TRt R
i SR I oo AROR B A v R B . BE WL UL
W E EEIEL T, &8P T i, 2
HBREWC S 0.5 FI LA , (H & F 25 50, i St
TR S (1 3 B T N = o o TS S A R
Iz XsF O BB 5 e AR K, 87 A5 Oy B U8 00 s ARG RE KK
B, ELEER2 T WL A0 5. i NL Wl
WIS HmEW S E L WL KX & NL 3

I % ) s
Fig.1
Ambiguity Error(C03-C09)

iR 2 1 E (C03-C09)

Time Sequence Diagram of

Pl 2 DR 5 22 BT ] (C03-Co4)
Fig.2 Time Sequence Diagram of

Ambiguity Error(C03-C04)

P 3 RO R 22 0 )Y (C01-C02)
Fig.3 Time Sequence Diagram of

Ambiguity Error(C01-C02)

P4 ASOR B2 15 2% BT 6 (C03-C06)
Fig.4 Time Sequence Diagram of

Ambiguity Error(C03-C06)

5 MEIHE
Fig.5

Ambiguity Error(C07-C10)

1% 22 1y & (C07-C10)

Time Sequence Diagram of

2017 4 12 H



A2 B 12

WV S P KB BDS = AR 1 4 A U = 1k 1783

K#/N,GF M IF HAEZFMAE R K, Az 3 £
AR RN A, AN F T NL *%*ﬂﬁ*ﬁﬁ’q’:%; FSNliATe
2 ik — B i (8] (4 ~F- T H i 22 A RE W SLE 0.5 A LA
M.

e 4~6 a] LIFE H, EWL B8 B Y i 521
ZEHAR /N, H RMS #/8F 0.1 J 5 K 22 570
F 0.5 J& , B i 2 45 B 8 s %P T WL BB
RMS ¥J R THUSE 0.339 2 J& ,/NT 2 Ji ik 2%
SR WL ASOR 2 i S5 R 1 O BEOUL N &, 17 22
A 250N X R B ORI A AR 2 45 S B A
Bt RErp, WL BB B9 RMS A6 &8 F 22 {5 IR
KRB ROR 2, (HRBMORE . WL BOW B it
% 3 o A o T [ 14 57 98 75 380 o 10 T . X
NL B8 B ff 35, e RMS ¥ KT 3 /T 4 H,
W R FHIS(E 1.912 3 A e R 2=/ F 15 J . X
BT 2 PR AR AR T i A 4 I A UL N e 1 A
JEE TS H 0.01 A, —EBE L T NL
AN B 1) A 5

x4 EWLEWEZISMRESIT
Tab.4 Error Statistics of EWL Ambiguity Float Solution

NERES ) RMS/ KA/ A fe/ME/JH
C01-C02 0.074 9 0.328 2 —0.191 8
C03-C04 0.077 5 0.229 3 —0.222 6
C03-C06 0.062 3 0.235 9 —0.175 6
C03-C09 0.072 3 0.267 7 —0.187 1
C07-C10 0.050 7 0.156 3 —0.155 3
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Tab.5 Error Statistics of WL Ambiguity Float Solution
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BDS Triple Frequency Linear Combination Observation Optimization for

Medium-Long Baseline

XIE Jiantao' HAO Jinming' LIU Weiping' TIAN Yingguo' YU Heli'

1 Institute of Navigation and Space Target Engineering,Information Engineering University, Zhengzhou 450052, China

Abstract: Linear combination of the triple original carrier based on geometry-free (GF) and iono-
sphere-free(IF) can eliminate the first-order ionospheric-delay item and some other error terms influ-
enced by geometric-distance between the satellite and station, thus it can be effectively applied to am-
biguity-resolution for medium-long baseline. In this paper, the GF and the IF linear combination ob-
servations were studied and optimized for BDS long-baseline ambiguity resolution. Carrier and pseud-
orange observations were used to get the combination observation with minimum noise and based on
GF and IF character, and considering that the ambiguity-correct carrier phase observation has lower
noise compared with pseudorange observation, two carrier combinations with ambiguity-fixed and o-
riginal carriers were applied to get the third optimal GF and IF combination with the minimum noise.
Observations including all pseudoranges and carriers were applied in different weight according to their
noises. Finally, real data of BDS triple frequencies were applied to verify the feasibility of model in the
experiment, The result showed that the deviation of WL and NL float ambiguity resolutions can be un-
der 0.5 cycle after smoothed , then the fast and accurate ambiguity resolution is realized.

Key words: BDS; TCAR; RTK; ambiguity resolution;geometry-free;ionosphere-free
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