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Research on Grey Markov Model for Predicting Receiver Clock Bias
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Abstract By combining the advantages of both grey theory and Markov chains, a new grey Markov model
for predicting receiver clock bias is presented in this paper. The grey theory is utilized to fit the sequence of
receiver clock bias and calculate the initial predicted values. Then the state space is divided according to the fitting
values. Finally, the initial predicted values are revised by means of Markov state change probability matrix.
Meanwhile, the newest data is gradually added while the oldest one is removed from the original data sequence. In
this way, the presented model can be updated in real time and the forecasting precision can be further improved.
Test results are presented to demonstrate the validity and feasibility of the model.

Key words grey theory; Markov chains; prediction; receiver clock bias; satellite navigation

FSOH e 22 7 41 ER AR TR 7E GPSAS 76 % A e
SEREEA A BIRAIM LA AT b T A6 T 5 1 31
Ol Ty TS AT AR T2 (K P ik B 22 1 0 1
PRI IS it BORAPERD U B, 500 T3 b 1
SEFEE S e S S TR AR TR AR e EL R AR T
B, —HERZFEETENE .

HRT, P p 91 2 DL 2 o vk et
WA TEAE. 2WATHETER R SHE
Attt AEGRARMER T R s 1] S Ab 2] . 3C
WR[6]H6 . — AR BRI AR AR T AREkE
B 51 HE LA P B — R R AT A R . %5 1k,
AT T 2T AR B R AT R A B 2 T AR A

1 RES/RARER AT

IREPERE 3 2 E SR B T19824E H X
St i) —MME BARRITTE, LRI TN SO B

Wk H 1. 2009 — 09— 25; &I H Y. 2009 -07-1

N AR RIK RGN, R EIREX F AT
TS, G AR EOE AT R ERZIR S A
i EEPR RN k- o iKe M eVt S VAIDE =RV SN SiSRIN
111 SRR TR S (A s . IR BB s 2
TRE 2 S TR B, AR — B TR
IBEEEVGHES AES IS i) R S ONE IR R Ik Ry e
TS EERUIR . H 2R ] REEFEIAR Y 2R GOIRAS 2 1] 1)
PR MR TN R MIARRIETE, 1E & TRENLEBITERL
BRI, A1 TT TR AR E R 1 R PR

BHZE Y552 2 R DR S, AR T Al LA
M, FFEKORFNR . BIEA S
Bt Z AR RN KO R G, RYE K O IR x
ZEEAT T, Iz F B R ) RBE R T 45 Rt 4T 12
1k, R R E A LA il P R T
FIE . LAk, BERERAT P SR T U 2 Ak
B, ATBLTe s M R 21 e 45 2

FETWH: sl 4:(20090580013); S AR SR AR 55 3 L 1015 4 (Z2Y GX2009J092)
TE# i B k(1982-), B, Mit4, FENHEIARMKEIE, TR SIS S HH.



28

2 HEKRED/RARER

21 EARRBRE

BT K R AT REEM B ZZ TR, B iR
PR IR o ZZ BT A B, 153 BIRA A1 B R —
HINME; ARERIEILE T AR RS H], IR
SR RS MR R R s 5o AR M 0 B ot U 225
RitAreiE, #t— DR e TG .

WAL, ASON F T E A B 22 7 41 v L AT 1)
KR, ARG R i AN 51 N SRR B I 51 Bk i 1H
s, ULRIEFPIIREATE, AMUFEC 7 @At 1%
v, M HESSHL T SE S . A
ToE A2 AR A B LT R

BB ZHAR T (), k=12, ,L
¥

| SR |
v

| LA ) |
v

| BRI |

v i

| mesmmsey B

v [

e
TO=T(2), -, T(L)=T(L+1)

K1 BT

A 4

2.2 Bkt
MR K B EE S 6} PP A1 HEAT AR, A2 PR R
FHldh &b —s0, BEA—%, WAEATE

W E— e, PRS2 REER
SLR E LR AR R I EEAT TN s foe e TR

YRR IR . HA e BUE RSN, 755 55
5 oh 2 6B B K BT S — 30, B4 xHE B
KT T ) 0o (B B R 4 58
THXTFHIT =[TQ),T(Q2), - T(L] RO
JRTT AT,
221 BhEFHIK O
1) SFHT #T R EM, ERFHTO .

ﬂ%m=iﬁm
2) XFFATO, HAKEART LT T

[ —B 2B o FE AT R -
dr (%t +aT® =u )

X, a NRERE, Fom RS 2R 741
ERR RS u AR, HRN By

k=12, L )

BezAe, A BEUCHLER IR (T AR T R TR BT 243
H AR5 2R
3) & H /N TN S H a Bl u BT A
[a u]'=(M"TM)*MV (3)
Horr,
=[T@ 1@ - TL]
—(T(1)+T(2))/2 1
M = -{HD+T@»Q 1 4)
—(T(L- 1)+T(L))/2 1

4) WEZHa 5 ufsiHE, HEFATO K
BMFFFIT® .

TOK+)=(T@Q-u/a)e™ +ula (5)
5) WHEFHIT AT -

. T() k=1

T“)_%“xm—fmw—n k=2 ©

TO A2 T elhr St 1 R AR5 T 1R A AR
thiadh, ERG RETII XS G52 2 (1) & FhRE AL K 1)
somA, PRI AR B T IE OE
222 WREELIY

A PIRES 2= [0 R 3 B B FE M HE VR AT
HHZRvk. FRZEMMEN S 2215, T PATIEER
A X R 3 BN 38 B R AR i, BRI AR
KHZITIER R = 1]

DATSU Hh 28 T N 3EdE, 57 5% 4> 3A- 47
PIFTEIXIR, BN X R R —ANREX ] 3MIRES
28] 43 AN T ST BAEAIRAS . ) B —ANER
#H T MRE RN,

%

S=max{|T()-T(k)| k=12, L} 7
TR 6 8, KH AT 2R 4 B3R A =
ASE
S, e[T+5/3, T+6]
S,e[T-6/3, T+65/3) (8)
S,e[T-6, T-6/3)
2.2.3 e RSB MR
% P RN RAENRE | —BHEBIRE j 1
M, NMPRES — P HBMRE P .

P11 P12 PlM
po| P 2o P ©)
PM 1 PM 2 7T PMM

ANy B BRE T — P EBBLRE j AR



244 I PN

40 5

B N FRA TR | RS, LR — 56
HER P, AT A

P, =N, /N, i=1,2M (10)
BT P ol e — MRS AU, K

THE N, B 2 42 41 i s — N
2.2.4 FEIIAE
fe40 0y JRn] KA TTRIE AR P R R —1T 0 &

IR ORABHEAT TN, E 24T h P 2 A
MRV RE AR HL ORI, 5 B 5 0 ol 22 D e A it

AR, SBOMELREEOVE R

KL GHEGEHAR, %%E %?Tﬁ@ﬁ%f
R ZI A AT REM AR IR R R, SR
INBGRA A I SR . B k I 2 R g4k T
SORAS, WISBEHERE P (5 i /T I0K, JFLL P AL
TEANBLTT B K + 1B 2 P TR -

f(k‘*'l):%ipijX(Slj(k+l)+821(k+1)) (11)

3 SHIMA

N T ISR RIRCR,  DUE A fift SR A S PR
S 1) W AL B 22 Bt o Bt AT 0 A, JF S 20
BRI BLERER o 1056 T FH it 127 - Hdie R
FEEBEA AL s, REERS 95 min,

5 5
2.85%20 289210
2.84 2.88
2.83 / \
2.87
2.82 \
£ / c 2.86
W 281 e \
Eo 250 / &285 \
2.79 / 284
578 / 2.83
2.77 2.82
0 100 200 300 0 100 200 300
TS IS

a B Ulbh 2R
Kl2 el e 2= 4

HI 27T, A SO B Z R EOR, E R E
PERHAT @M RS R R 2%, RIRPIRES ZE R R A
B, DAL, A et g b = A it AT — IR
VAL . E2a¥idl RIS EY, H—-RESF
SRR, 75— 80 E2b%elE B (AL
HED PN GE, S HE. B, W RUE
ﬂﬁﬁﬁ%*&%“fﬂiif@%mT%ﬁﬂo

oA HRE

BRI, BERE DL i T SRR, TR
MASEEAR: HHEEZ, At EER. HEENIT
HEREE VLIRS MR R R, A SCHRHE301
J3 S0 b ZE B AT AR IR O . AE TR AR, K
IR0 70 B B I 2 DB, A0 AR B e AN T I
Bt RS0 H BT RHE

43 liE AR SO RS DA K 22 A AL X Ik 20
B eh ZZ 5 E AT O, B3 T iR 25 H 2.
B, CMERZR A SO HA 36T K € B R A e e U
MLk 22 414 T A 7Y (combined model), PM#E/R%
AL (polynomial model), LA FAHE .

FE3akl, xtT&—dehz=ffEms, 20
TR DL R AR SRS PR i RPN R 22 43 331) £919.027 8 m
f15.198 6 m, Pi#FEAI23.829 2 m; 7EEI3b, Hifh
AR () e K TR 25 98,942 7 mAll5.177 8 m, AL
B BEAE 73.764 9 mo LA BRI, A SR T

MRZERN, PR R e T 2 U
10 10
cm PM

TR 5 2 /m
o
TR 2 /m
o

-5 -5 |

0 100 200 300 _100 100, 200 300
TS T
a. IRz
10 10
CM
5 5
E £
H Ha
® 0 w0
= =
B =
-5 -5
_100 100 200 300 _100 100 200 300
I} ) /s ERENS

b. B ZATRIR %

B3 iR 2= h 2k
HR A BT 3TH 5t %) R 2 e 222 54w ) Tl a3 22 R
A AE W AR 7, B S22k 70 AR AL
TR DL R 22 T S 2 ) T i 22 SR AR AT A B . MEI4
HRRTLAE W, 0T AE R 22 BRAE, AR SCRE Y Tl
RZEN BB ATE T 2B, BRSO AL
WA, AT /N T R ZE VG A
RELZ . WX TP RS, A SRR TN = 2
/N3 mR R AN E g3 ) T E s s 21 88.89%



523 e, S BRSHUB 2K (R a] RN 5T 245

F183.70%, i 22 WA 2 (13X P 0B b N 72.22%F1
71.48%, ASCHAY Sy RS 1 16.67%F112.22%.

DL S Le e B, JE T K € IR AT R BE
ZETRIAE Y, LS 2 AR K o BT S e 22 7 71
M AR R, A DL R AT B A R
W SIHATIEIE, PE ARk EE —elait
N AFAEBEALYE BN B 22 1 4 e B T 2L A AR 4 1 3%
B, HLHEER TS0 2 55

Lop——T———T——T——

0.9

0.8
o7

s )/
= 06 / a

0.5 ] 7
0.4
0 2 4 6 8 10
TR Z/m
a. F—REN A
1.0 —
0.9 -
0.8
0.7
5 os /
% 05 /
0.4f oot
0.3
025 2 4 6 8 10
TR 2 /m

b. % " 4LE XA
B4 FioR 2 AR A fE

4 25 R 1B

RSP R T AR €0 5y ZR AT RBE I AL B 22 T
DR, IR SE PR B IAIE 1 2 AR A B 2 T
3T A R S R AT, D 2= T i) AR R
T AR R MR

b 22 TN RS FEE (0 B2 v mT LA o FL A U RAIM SR
PRREAT MR AN SRR RCR, TR e T AER S
th T o 2R BIRAIMELIE IR T Si5h, (ESMI AR
RIZEAE T, BINB A BhEAT GPSAN Je B 12 i 5E fir
(RS S it i 27/

2 £ X M

[1] £/RE, RIS, BAFH. BT 0 Bhin Z A GPSA e 3
FEERLITIR[Y]. KEEHEE R4, 2009, 35(2): 59-61.
WANG Er-shen, ZHANG Shu-fang, HU Qing. Incomplete
constellation positioning method for GPS receiver
augmented with clock bias model[J]. Journal of Dalian
Maritime University, 2009, 35(2): 59-61.

[2] KB4, BRAN. {5 SRR T KR 58 % GPSE ML LT 7T

[J]. HFRHE K544, 2009, 38(4): 496-500.
ZHENG Rui, CHEN Jie. New algorithm of GPS positioning
in incomplete condition of temporal insufficient signal[J].
Journal of University of Electronic Science and Technology
of China, 2009, 38(4): 496-500.

[3] HEWITSON S, WANG J L. GNSS receiver autonomous
integrity monitoring(RAIM) performance analysis[J] . GPS
Solutions, 2006, 10: 155-170.

[4] E£20N, XISCVE, £ TR0 ) E A7 A

MEIRRAIM AT I HE3E58 77k 0], T 244, 2009, 30(3):
961-966.
WANG Meng-li, LIU Wen-xiang, WANG Fei-xue. RAIM
availability augmentation algorithm in position and velocity
domain aided by precise forecasted time and frequency[J].
Journal of Astronautics, 2009, 30(3): 961-966.

[5] E/KH, R NI I et R A B RAIM BLVE B 7 [J].

L7244, 2007, 35(6): 1084-1088.
WANG Yong-chao, HUANG Zhi-gang. Research on
receiver autonomous integrity monitoring augmented with
improved clock bias model[J]. Atca Electronica Sinica, 2007,
35(6): 1084-1088.

[6] HUANG N E, WU M L, QU W D, et al. Applications of
Hilbert-Huang transform to non-stationary financial time
series analysis[J]. Applied Stochastic Models in Business
and Industry, 2003, 19(3): 245-268.

[7] KOKSAL E. Hybrid control of a mechtronic system: fuzzy
logic and Grey system modeling approach[J]. IEEE
Transactions on Mechatronics, 2007, 12(6): 703-710.

[8] HUANG G J. Gray forecast approach for developing
distance learning and diagnostic systems[J]. IEEE
Transactions on System, Man and Cybernetics Part C, 2007,
37(1): 98-108.

[9] ELFEKI A, DEKKING M. A Markov chain model for
subsurface characterization: Theory and applications[J].
Math Geol, 2001, 33(5): 569-589.

[10] SHUN F S, CHAN B L, YEN T H. A high precision global

prediction approach based on local prediction approaches
[J]. IEEE Transactions on System, Man and Cybernetics
Part C, 2002, 32(4): 416-425.

W OB R R



	接收机钟差灰色马尔可夫预测模型研究
	滕云龙1,2，师奕兵1，郑  植20F(
	(1. 电子科技大学自动化工程学院  成都  610054；2. 电子科技大学电子科学技术研究院  成都  610054)

	1  灰色马尔可夫模型可行性分析
	2  钟差灰色马尔可夫模型
	2.1  基本思想
	2.2  具体实现
	2.2.1  钟差序列灰色建模
	2.2.2  状态空间划分
	2.2.3  确定状态转移概率矩阵
	2.2.4  计算预测值


	3  实例应用
	4  结 束 语


