LRV R P
2017 4 7 A

VRGN S S I S

Geomatics and Information Science of Wuhan University

Vol. 42 No. 7
July 2017

DOI:10. 13203 /3. whugis20150017

XEHE.1671-8860(2017)07-0989-06

JET- BDS/GPS 41 iy 5 BOm e B R S b7

g o= oA B’

KE I

EEE K OF

1 RK2E TR S 0E S EARBESE ol #1dk #I,430079
2 TN AR A S AR B A PRAF LR ML 511400

W E.ZAREGCANTRIHEE FMAALGHERT W, Kd st T Bk £ 5 T4z o TAEM L E 489 e
B OMRE K AEARREFRE MG Lambda 7 sk 1k 44T 2) A7 AT B 69 B R AR R R 368 0 B 7
HEERRGEMET RN S, RETAAGFRSBMER LT . 00T REAF k64 LA %
WM& # T BDS/GPS & SR AL RMER AR, FRERKA . HFOBEBMEFT ETARF
B FH AL L B AT 69 R % F A& Ratio {8, B 7T A %542 RTK 545 B 69 A7 46 4L B 1) L e Be 42 47 69 8% ik L 42

BULRRD DAL ERGHIE,

KR 3R 5 B E B Z s BDS/GPS 2845 & % % ; RTK; Lambda

hEE S %S . P228. 41 XERAR R A
AR Bl A G A 2 R 4 (BeiDou sat-
ellite navigation system, BDS) iy {4 % & , 4t 3}
F G0 0 B AR R AR 23 1 DX 4 4t TR S A e 55
IEE )1 . A5 A I GPS £ 4R TR S E ML R
5, GNSS & e Ol s, 28, 20
EE A SRS RTK (real-time kinematic)
FH P BARE R 0 AT 4 M L G DG e B R I PR
[E] 72 2 AR 5 IR BE L SR T O S A TR R W L B
RO B AE SO0 BE 1S RO B2 L A [ E A AR
REAR . X T2 2 A A N, T TR U
2 LA S WL G 7| R AUk A 0 22 A 5 Wi AR XE AR
JELIN [R] PN R 2 ] 5 Pl AT TLRE AR B . R T Ut
[ N Ab 2 2 1t — ZR 80 56 T o0 MO 2 [ 5 /Y O
TR R 4 v RORY B B S (A 2 L Ky
FER KA LLT 3 Fh. O AR 4 5 W H L R
F IR D R S U B O A S R A A R o 3
Mg P A /N 1 TR A0 B M) B 2 5 [ A 2 B Mg
PRI R R R 22 R 1Y TR 5 QO H 45 W B A M) i
TF LR S 5 26 W AT 2H 5 08 B9 78 A, Sl 8 i 9
AR RO L 72 98 AR RO 3 [ € J5 5 4 2 AR A
W BE T 26 [ O B T A 0 78 AR TR BE 1Y [
S 5 ) B 1R UK B 1) AR AT 1 o L L R AR
5% S AR B Ty et ST A o ) 7 8 5 28 ] 3o A
W RE 1) Jmc P R B2 e ASOM BE [ 8 AR, X Bt

¥ Fs B #9:2015-04-01

Tk B S L EATF A BT RB M RUR b
ANJZ A TR 451 Q0 AE B BR BE T AR B X DA [
B W] AR IS [T 7 B 5 14 5 2O P A A e S5
MRS 7E DRRCIE R 2 i B R R Rk
Fr i Oy AT B AT i s R B Sk R
KL 25 % GPS B & % 5% GPS Fl Galileo f5
PUEAR 4L A AR SO 9E fE BDS/GPS WA %
A A AT A RO 32 [ AR D B A A 1 WAL S
FEAS DL . N S AT GNSS 414 S i & A o #244E
%%,

1 RHMEBRENERSHIE

HRORH) 32 2 B A 5 1 U R B IS R SR Y o
BBy O B S RO SR LA AR R R O
y = Aa +Bb+¢g (D
AP, a o X2 A B B S 5 m) s b RS
] AL 5 HE R A3 i M T RE Y L B R ORI JE S 8
SF3A LBt 5 N N AR B 5 y 2 0 I R 1]
i AL DA IR FR 28R 2 LI {E 5 & 2 e HIL IR 75 )
o AR CD AT LA i ASOR B2 2 H0R HoAth 2 8K
1T sl X LA R 7 22 00 05 25605 Q

o2 %] e

B & B KT R 5 H (2013-364-548-200) ; [{ 8 T S 0F % 11 %1 (2016 YFB0800405) ,
FE—EHE WA, BB AF GNSS 4 b3 K b 3 )2 @A F5E . baos613@163. com



990 i) Gy = 2= 2

2017 4£ 7 A

1.1 Lambda 7 ix#Lif
B A 512 )& Lambda Jrik™

z = min (z—2)7Q:'(z —2) (3)
z€Z
A,z fQ: BFRKR N
1= 7a
(4
Q. =720.7"

K Z HREAH G Z RRAEBUE . TEH RS
FUG S A Z K 2 5 RO 2 K R R AR
23 () o 8K e 3 3 AR B G 56 4 A 1 R S 2 1
FOMN B 0 B AR A 8 4L 8 T SR A 3 T 1k
A Ratio K5 FFRTM Ky 5 5 L ok $6 )7 ik 23T
AR e 1 6 30 2 R O 0 5 1 2 ok 25 IR B 1L
18 -
r_leza lle a4 e = (5)
la—all,
2 a2 UK IR I AR B A e 4 e R B, —
MG LB =2 B 3, % T FFRT, ¢ M40 S 5 1) 2%
RN RS S AR .
o e AR B A ok 2 3 3 A 56 . T DA AR M
J3E P18 [551 7 A AR A0 2% A7 1 2 45 B R 4 110 [ 7 % -
b=50—0:0 "i(a—a) (6)
1.2 ERHEHEEE
A TR MR B Lambda J5 ¥ XE DL
FE IR A% S o0 M) BE [ T ik . S E
T LE A Sy 25 iy [ 7 A ASEA0 B2 (B B0 W 0 A2 1)
a Sk WS Ay BRI R U T S Q N
A a 0. Q..
‘T L}j’ e {Q&Za, 0., } @
roa, ACFAE T U 23 1] 19 5 20 8 ) 2% E 19 25 5
I8 5 3 4 TSR A 5 UM £ 45 T Y i s A
B s, 03 MR T AR Y TR B A R AR
5. # KA Lambda J7 i Bl Ea, J& . K0T 445
O EIEIE L R, a1 E R B OF a, KT
2EW I 2B
Jaz =a,— Qi 0:' (a, —a))
IQHZ =0, — Qia Qi Qi
SR )5 H A Lambda J5 3 [ % a. #8090
A a, [ E N AT LR 2K (6) BT Ak AR 2 K A5 5
[ E il 45 a0 [ W AT P TR 18 IF A AR 3 8
it
XTSI E R I 3, B S8 M bootstrapping
i S ) A MR Al e i R S R P Bk
Ve WA S I BRI B P Bt AR

n

P =] (2‘15(2;

J=1 il

(8)

>—1)> P, (9

Ko @) 2 1E A 5 M B K 0, (04 A PR 7 2%
HA AT R ) B X 1 % B
P HVEQ: 223 = F S 7%

Q. = L'DL (10
H L 1D W
(L =007, (1D
ld, = 03,

Koo BIhz, W50 2 A AR =, 13 3 [
EM R J={+1,j 2, n}s0. =0 K
JE f R BT SRR . DX A R TR Y
TCR e R HESN Y 2 o: | =0, i<k

AR CO) B AT A B 4 G S 1 2 i) vl b
Hn—i+1AICRBEME T 4. N4 Lambda
kL Gt Z ARG 2 BRSNS 4 1 D 22
o: , JE XTI L BT LABE IR T4 R ze = (20 2
oz, b HXE NI Z AR M NZ e  Ze BDR Z JR
PERSE @ Bl n HIJCHK . Mz B 5. T LUAR 8
38 BT 3 — 0 o0 AR 2 ) 7 A SR IS AR Z
B HLK A B R G s A b T 2 P A S TR
B0 RS S P AT BRSO AT 2 1 SR T RUAS T
PR, B HARE 20 (12) 15 3 JL 2 i [8] 2 M~ (5t
R 2 - O 18] 72 A B KO

by =b—0:,0: Gp —zp) (12)

H .0, =0iZr.0:, =Zs Qi Z».,

2 BDS/GPS H& & fir

XF T BDS/GPS MR Ge 445 5 i b 75 2K 58
— IR A] AR B B ME . WGS-84 5 CGCS2000
R F IR LA 0~0. 105 mm i Fl N, X 45 #E
5 IR X AV R U 5T 4 T LA Z W, g e ) 3k
HER A . BDT #1 GPST [ T A4H2% 1 356 & 14 s 4b
AN L RZE, I THBEAR LR RS
XL RE R AR SCAE M E A GBS HREN
B A s Wk = VA N S E R T S =
I UL 3 X 26 SO0 7 Ry
AVP® = AVR® +AdX +AVT® +
J A VIS + A Vei
IA‘“‘A Vo' = A VRS +AdX +1° - A VNS +
AVTS —AVI® + A Ves
(13)
XA SMRERG LA A HU K P O BE UL
{H s R PIIAE s R g T8 B2 WL AH A7 a0
A AL TUART B8 5 N g A8 B2 5 T S % )2 4 3R
W2 T A B R IE R IR 2 5 e Ry R AL 1Y 15 22
LI M 75 5 d X % AH X A B 5 IE i 2 BUR



A2 BT

& 4T BDS/GPS 414 22 o 19 35 o 1R E 1] 58 5508 43 B

991

GRS HG A A b BCIE 1] B 19 &R BUE
W o 7 RSB W] N 2 8 R R R 25 MR R
W2

3 KWHESN

T Ay BB A SO B X F BDS/GPS 41 43 55
5 07 AR5 A SCDA B2 1Y 3 bl 2 R B T A
JO7 B 7R ) 3 S A5 JEE 1] 7€ 7 3% : O ML Lambda 55
5 AR BI04 S D05 U IO AR 2 6 1 2 Pk e AH 2
(B B2 Z08T ] Lambda J5 3% [ 5 B 21 3 i
Ratio 6 %6 . 75 Hk 2 19 7 5 B0 2 A BOR 2> )
25 R R N R (FS J536) 5 @l 52 45 3% o] f) 4
s SO OB Y S AR B B 2 15 [ 5
I 7 Je P 7 A (WIN J7 350 5 @ 2 T 2l i
W) 7 [E] 326 BB Dy 4 2 iy 14 1M R 1 4
(SRC J5ik) o AR 3C 32 B RO B2 1~ 4 19 B2 =
IFi] 7 R Gl 2o A58 M0 88 G 6 1) D oG e o ) B A1) L
M TR L W SO 8] 2 LD TG BE AT PFA 35 23 L
08 T 5 R, . SRR RO R ) i R R TR
FLHARA IR FE R 0 P A R R R L
BIEALT M IR XK 2y 8 km (192 KRG

W

DR e —) A T E i RIAT KA K 29 17 km
1 22 22 G0 W I ASCH (2R =) o 1 2% Rk 1Y SR A
#2410 s, A SCR L H B BDS/GPS XA 42
L1L2B1B2 #5 B 1] T 5256 40 #r .
3.1 EMERNESEEERESHR

J ) A RO B 2 75 BB AR B [ I S %
bRz — A R N T VR SR R . A
ML) I AR 2 Horb Lambda fiz/h —3f
Y DU 480 RS 52 1) i ) 238 0 e v 110 (H 2 O HE LA
B, M bootstrapping B YR 5 /N — 7
S 2 R AR Y B3 s DR O — g FH LA SRy e
TR T AL ORI R [ E Y O — > EEAE
P2 Ratio {8 , £ Lambda 53 3 g — fit LA Oy
RO 32 2 75 [ ) B 98 b . AN SCE oAb B T Ak
Z— 1 BDS/GPS 41 & %l . 4k P50 gh 25 5
ook A, K1 4l T A E S5 e
(FULL J7#) K bR 3 B o A0 BE [ 7 1 1
AL Je Ratio fH, HoHh i (48 45 7R Ratio fH,
HENAREME FEMRIN L AAELERS
F ) Ratio F{E, K/h Ky 2, & 2 22 3 Rl o3 A0
JRE T#] 5 5k e W7 4 AR AR E L R 4 v AR A
B FULL G A SO B 191> 8

124 | 112 12 - ”l l 2

10+ 1.0 10 - } 1.0
81 083 8 - 08 =
< 2a =
= 1) s
S 6 -0.6% 5 6 0.6 =
" il
41 {045 41 04 2

R S T A U Aot 0.2 2 fmmmmmmm e e 0.2

0 . . , —0.0 0 . ; . . 0.0

0 200 400 600 800 0 200 400 600 800
(a) FULLJ7¥%: (b) WN7T i

12- 12 124 | 12
10 | 1.0 10 1.0
81 108 o 8 108 3
2 Ca o= =
E ‘ 1~ 'g 6 106 FId
» gl
4 104 ;% 4 104 =

e pomomosssmosso=dlosaamatdd 02 29w U vy 0.2

0 T T T - 0.0 0 T T T T 0.0

0 200 400 600 800 0 200 400 600 800
(c) FST7i%: (d) SRCT7¥%
DiocH
Ratiofi -- Ratiofifi — —— RIIE

B1 RO EE i D) % 5 Ratio {H
Fig. 1 Success Rate and Ratio Value of Ambiguities to Fix
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Abstract:; Multi-GNSS combination is helpful to improve the accuracy and relibality of satellite navigation
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GPS Satellite Clock Bias Prediction Based on Exponential Smoothing Method
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Abstract: A new method of GPS satellite clock bias prediction based on exponential smoothing method
(ESM) is presented in this paper. This new method can develop the prediction model successfully by
using a small amount of data and has the advantages of easier calculation and convenience in operation.
And the good results can still be acquired by this new method when the relevant historical data are ab-
sent or the changing trend of data is unobvious or unstable. By contrast with the quadratic polynomial
model (QPM) and gray system model (GM) which are usually used in GPS satellite clock bias predic-
tion, the calculating and analyzing results indicated that the ESM can be used in the medium-term and
short-term prediction of GPS satellite clock bias and the prediction precision can reach up to nanose-
cond (ns) level. The prediction results of ESM are better than QPM but on the same level with GM
when a small amount of data is used to establish the prediction model. And in the mean time, the
ESM can also be used in the long-term prediction of GPS satellite clock bias and the prediction preci-
sion can reach up to microsecond (us) level which is on the same level with GM.
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and positioning. However, in case of BDS/GPS combined carrier phase positioning systems, it is difficult to
fix all the ambiguities due to the increasing number of ambiguities, high measurement noises or residual at-
mosphere delays with the traditional LLambda method. But it is of greater probability to fix a subset of ambi-
guities. In this paper, we divided current partial ambiguity fixing methods into three categories and analyzed
the characteristics of every method. Finally, the effect of the three partial resolution methods were tested with
the measured BDS/GPS data. The results show that the success rate and ratio value is obviously improved
when using partial ambiguity fixing, at the same time, the initialization time of RTK is shortened , the preci-
sion of kinematic positioning is also improved.
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