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Abstract: The propagation of electromagnetic wave signal has been severely affected by the ionosphere. It is
very important for the ionospheric total electron content (TEC) to be predicted in the earth-based or
space-based systems, which are related to the propagation of electromagnetic wave. Since the ionospheric
TEC is affected by many factors and there is high complexity and non-linearity between every factor and TEC
value, this paper will use the method of time series analysis. It is unnecessary to understanding clearly the
dynamic mechanism while applying the method, except for discovering the rules on the past records them-
selves. From the ionospheric product of CODE (Center for Orbit Determination in Europe), this paper has ex-
tracted vertical total electron content (VTEC) values, located in two sites of different latitude and observed in
past several years. First of all, the Fourier and Wavelet Transformations are applied to their periodic change
rule and trending rule. Then the linear method named ARMA Modal and non-linear method named Chaotic
Prediction method and neural network are respectively used for prediction on the ionospheric VTEC data. Fi-
nally, the results of the three prediction methods are compared and analyzed.

Keywords: vertical total electron content (VTEC), time series analysis, ARMA, chaotic prediction, neural
network

BEE VTEC #iBIAT B F5o iR

ZHE, BELE
P EOR:, dbat hIE 100083
e-mail: pengjunhuan@163.com

B E wBEEPENaREiEs AL P, BB BT EE TEC ¢94FE AT A TldRAt T 36
BB AT TR AR TR A AR AR T ERY. I TLHEETEC AR ZRENH R, &FmE
5 TEC XA G A FHEL LA X MAE RWFIE, KX AR B EFH ) FAFRAHGHFLT, Kk
BB 1) 5 3 09 0T T R B B SR P FRAAE, 41T CODE 245098 B B 5%, AT R
R4 EAL S Fehh B EE b T4 VIEC I 57, ARGt T A K T 547 VTEC 403549
JE B FACHAE, A KA ARMA AER! | SRAETM 7 ik vA BAY 2 W 4475 ik 2 o, & B4 VTEC #3847
TEAEFTRN ., & X AT 7 RT3 0942 RHAT T 2047 7 & B 6945 4.

X887 VTEC; BHE &7 547 ARMA; SRIEFN]; 492 W %

BAE— R E R RETHR HH H

o253 Scientific
#4%» Research

It 50%~60%, 5 &

AT IE N WAL 75%,  H0H B R Hik 2 A W] 2

LSRR G L P AT S A, AT e g e e

R MRS TR AT

(TEC) RHEEN—ANEESL, ©5 R
MM ARG, HErth st E AL s R &
R A, AT LT RER A A B2 T .
T SEBR TR, AR OIS HE T B L 200 AR R T
HP & TR R EEAGHSMSEEAN
e ABENLT, A HE R, AW S A AT
YR BEREIIACHe, RIS AT N .

HL 120 )25 () LRSI — e ] LA 4 ok 8 30 AR 7R R 47 34
iR, HHET{T Klobuchar £71, Bent BIUAI IR FHY
5. 7E GPS BT, —MRH Klobuchar £:7,

WA R o 0 T HUN 2 HOR 0 L 2 2 R 1 T
W, A R R P8 753, R AT ARSI E i
SFREAT TR 451 6 T B Al 5 R VTEC 42 R 1)
516 i MR Py RV ) (10 15 T o 0 ) B s A T AR T
o LRI ] R I, JAE R Rl 25— B
I T AL 2 PR B A B (R 2 T g s, 9 LD s o
2 HC. WA IR A A S S R,
T B Bt 7 9 A 5 vk 5 R 1K B AT
TIN5 SO T LU IRE G TN P U, R v R PR
FITTAE RE o JX LI (8] Py 1) (R TG 7 vk AR R
ZEGFII . ST KT ORI T A A SE I

978-1-935068-03-7 © 2009 SciRes.



3% Scientific
. J
+* Research

TN AS AR 2 AT 2 T Iz N .

IS 1) 510 23 BT D28 3595 ARMA B, iS04k
SEfIESE T TR 51 ARMA ASETRGHAER 14 L 25 52 4
HL A AT TR, X 10 KA TR 1A BE,
ISP IF) P AR ) TEC TH5T 45 SARERS B i, TR
X RE FEAR T 60% 11 WA rit 507 LA AU b i o B 4
ol ik 90% LA B, AN, FRoRBiss4R tixt 1GS #2
A A Bk B 2 H T R TR o SO A T LA 75 20
G RBIT S, TN RS R R ARIMA
TP REGIAT IR, G T AR )2 T, 1
JE JH P 48 LTS A 05 1 L B T R
IS I0) 7 FU AT B A, EL RIS IRAE 20 R IFI fa)
W, TIHR(ES CAf2 Z2 /M T 34 TECU IS4 &
AUE 80% A AT AL Krankowski 25 FH 7 K # VTEC
i R ARMA BT T 1~3 /N T el

20 tH2d 70 AR AL R T —FhARget 7772
TIN50 AT 7350 8 AT 55 A 3 s EL A TRy
TERIARLRYE RGN, JRAR LSRR ) 8. TR R S
(RS PR AE T ZEHR (2 X WIME I A AN Ao e v
WO, S RN AN A I EE A ik, AT LS 2 S e )
FEHVE R A m 4RI 2 0], WF9HL 2 SRR
5 e 2 B 01 5 R mT LA I ) R I B A5 4
TEC I} [) 7 51 558k Hh A7 A TR, ISR VR 1)
FEAN oM 05 04T T Tt

o IS 8] 7% 510 PR F000 38 7] DASK TN T 4 28 o 4%
(Artificial Neural Network) [ 7575, fi£8 2845 7Y 2 1
KA T B T 2 R B 2R M 4% 2 48, Xk
LM R G AT IR AR AIGE 7, nT LA U () e )
AHCHE I 5 0 2% FH - F000 o A6 P8 2 9T 9 AT Ao 22 1Y
2 OSSR T O Z N H . Habarulema #4431 %

10

Global Navigation Satellite System: Technology Innovation and Application

NIERITE]) S gL ARRR . KBNS B3R 2O i b Fa 4
v R VTEC (AR M 258, R 22 A i
RRBOTABAEHEAT T ISR, 432 TR L34
%[13]()

AR 1GS HEHEH LB R, 4RI T AR
LA Z ) VTEC Bd , FEAT IS 8] 2 SRR AE I 2047
AR R FRA T Bk = M (17775 ARMA i
B, PP g MR VAT T HLES 2 VTEC [ A
ISR, S0 3X =Fh7vE IR N HANG5 AT T 43 A AR
e

2 HBEEE 8 FIIR SR 4T

AR ) LB J2 VTEC Hils K5 T 1GS 4141
(R HL S 2 77 i SO 2SO T AR /N
2 ATk 5O R AR Ak 2.5° Ry 50 2,50 4% I L
") VTEC {, H#f7% (0.1 TECU) , 1TECU & X
10" BT K. ASCHREC T 4 N4O°, &% E
115° kAR N 22.5°, 4% E 115° 4k () 2003 43 2008
SR VTEC I IR)JP 205, FIskiEAT VTEC IR)J7
FUTREAE BT o

% N22.5%, E115° &b 2003 4E~2008 4 (1] I} [a) J33 47
el (B 1 (@) ) BT AL A4S 2 1 S e - ) 22 ]
S5 0L BRI — R A H RS (8L (b)) .
AR ARG E B TIOR, ATUAE R, AREROR
0 B, XUBAEAE KA, R
SR 26 RFIAREERI (B 1 (o) ) o MIRHEPE
WHEE, U EREIGAETRGEZ T, SWAER
T AR R AE I P2 A . 2N R A7 e B e B )2
VTEC I W)@ FIAE e B A TR R G0 Pk 1R T B .

9

160 Al %10
12
140
I3 n
: 10
= 120 i{’ 15.11e+U1U
bt 4
L o0 ]
= 13 qr
T B 3 B 5
o = =
ooBD t * 0005474
”-' 2 4 ¥ 32114009
; 40 [ ]
el "I [ 2 ssescns 4 ¥ 5330000
| ]
g 05 1 15 2 25 = % 1 2 3 4 5 & " 00 002 003 004 005
FEAFAS, @Rahe SENRIE) SR (1RIE)
(a) BEEVTECH (b) i B (€)th =B B AIER 4 HE K
1. N22.5° E115° & 2003 ££~2008 £E 89 VTEC B FFIRE FFT 47
%1 BIHTHREABENEENEHER
Pk S i B kS JA i B
1 1 it —H W 0.03786 26.4131 ¥4 26 K S
2 0.5 FEEH AWM 0.005474 182.6818 R 4E Y
978-1-935068-03-7 © 2009 SciRes. 156



Global Navigation Satellite System: Technology Innovation and Application

i N |

0 2 4 it . 2
RHERAIS, (a2

(@2 FE A BB DR

10
RERAS, [
(N40 BRI AT

o253 Scientific
#4%» Research

4 ' 2 4 w10
B [E]FF A5 (88 2R
(©N225 EAHRMRERTAT

2. A Morlet /Nt TR S 4 B /N iR D SR )

I AT ARG (6 S SR AT s EL A R AR AT
(455 M 773, BT Morlet /NI kAT I 45 23 4 7]
LB S H Y (B2 @ ), HEYIEAE)E
WIA—4EE (& 2 (b) (e ) o HE/NEHT
g R EoR VIEC AW HA A, LA
E115°% #h)E40 50 N40° (&2 (b) ) . N22.5° (]& 2
(©) ) MPHLIY) VTEC /N /b 5 R AT 5 LT LUR
i, NAQ Ak (1 —4 I BE s 2, 1y FLATG 443 J3E Ak £
)2 VTEC (1) 2y 283 10 B0(E 3 30 22 LU b 26 BE AR 1) v o
X e gl PR BRI AU AR IR), AE AN [ 246 55 Ak I 1)
FE AR AN — 300 IR 8 D I AE HEAT R0 ) AR
R R ] BE 2 7 AL R

3 BERE VTEC BT

SR T =Mk 18] R 51 53 B (1) 773206 VTEC I
[ T BEAT T BRI, Xy at iR, AUy
3% 22 Equse M6 AN [R] (R T AR Y 04T LU, S8 R 1)
AR R RE . 3 Y (), (6 =1,2,...8) Ky 1
S, y),(t=12,...S) ARy 15 5
S HFEAANHL.
1S 12
Eruse = {Z[Y(t) - y(t)]z} 1)

S-1%

FEFRI 43 b, ASCRHA] T 2003 4411 2008 41K

Ko, P 3 A4, 2003 A KBH 2 BOR b G 5

) AE Fe 5035 KT 2008 4, LIAEMIRFFEIER M, %

M) P, 25 22 i 50 1 2 S IR 2R ok 7 b 7 B R 2R IR 2R LA

Ab, BIA K BHSE S A LS sl R 3 . SR F X N 4EA
(I L A AR T

3.1 ARMA 9#7A%
HEHE R (ARMA) & —Fi EL A Al 3

— 2003 — 20084

KB HH

40

20 L /\ o

1 22 43 64 85 106 127 148 169 190 211 232 253 274 295 316 337 358
FEBH

[— 20034 — 200845 200nt]

1200
1000

fJ\ WWMMW\WNN .hmnl

K NW‘WJ YA P L AR

120 39 58 77 96 115134 153 172 191 210 229 248 267 286 305 324 343 362
FHH

AEFE%, Hfint

1)
S
o S

3.2003 ££ 5 2008 FHYK AR FH Si#EE ) AE JEERT L

RO AR B 1) 2 570 3 A R 2R 35 e T e AR i
" ERIN ] 7 712 BP0 L7 2R
Xt VTEC I IR] P SREAT 2545 22 70 sl 22 7 W] LAAS 31—
APRSBEALF S . ARMA BERLIE BN 1] 2 51 3 A
ULIEE SR

Y, = golY oY, oY,

o, 0. o @
E =086~ 06, — qgt—q

Hep, 45 AMA (AR) #2%(=12,---,p), p
S ARANEL O ks MA) 241 (1=12,---,09) ,
O sl FIN G & TS A RIBENL; Yo
ML 2B 2 VTEC . @7 ARMA (p, @)
R RE S pr b2 e 3 (2) BRI EOR R 4L d
O I, RIRERARRLE T A RIS AR AR,

978-1-935068-03-7 © 2009 SciRes.



3% Scientific
. J
+* Research

3.2 RBEE e FES a4

TR IR TR) 2 470 P4 A RN 000 5 i B A A 25 1]
R LA YRR P () B ) e 1) i g k) — PP JE 2 vk
SIERGE . Y — AR, FI AR 2 R E AL Ty
e KLl B BRYIRS 2 T, ] LA BR
W51 F o VRIS AT BRRR R MR RS PR
SEYE . A TIRFE G | FANPAT —RZS s IS 3k
A 5 Ak T HARBRIR A 25 K32 S B A [H] 1432 3l
P, BEAWLGI . Rk, ek  TRIR A A AT R
MEHFERRE S Z MR ECCR, 15T EL,
ST LS BRI 1 e T T

BRG] 51 X(4), X(E), - X(E,)
B A At o IS TEDF BRI AR 25 ) 1T LA S A«

X, (1) = (X(t), X(t, + 7). X(E +(M=D)7)),

i=12,..n—-m+1,

7 =k At TIFER om AN ZEX, X () 4y
AH 2 [ HR PR — AN Ao R T S SR R N 550070 1 o A
A2 ) AL Atk . R BAS BV RT G-P vkt
VTEC I [alFF A A AT 43 B, % 2008 4F4i/% N
22.5%, 22 E 115° AbSRAS (1 I 1a) E 3R AT 4k 40 5]
J& 3 M 7. HK lyapunov F5%k 0.0230. MIXAN A
F, WEZE VTEC IS i) 551 B A TR

» JLIN [R] ]

B4 =3, m=2~20iEEZX lyapunov 5%

120

100

a0

B0 [

40F F

20

w(i+3)

ok

a0k

ol

-60
-B0

B 5. EffR=EREH AR

978-1-935068-03-7 © 2009 SciRes.

158

Global Navigation Satellite System: Technology Innovation and Application

FRAH S PR A, RN E BRI () SR R
B, K 4 BoR T R IR A GEZUTIIE N, BK lyapunov
ERAENN, K lyapunov FEEABLIK L RSEN “H)
fHRUEE” , MN—EMAE LRI T KGR EE, 1
HHA BN ERI A 26 lyapunov $5%0, A vl g
BRI T . B 5 FAA IR AR 73 [R]  4EAH B AT LAY
R BRI S | T IRAEAE, (HOE AR S, WX
F43 Ji A 23 1] FR) 5 M0 S AR K

3.3 WMEMLE

NP R 1A “ JBAR 7 R PEAR I A S0 0T )
W2, EATEEMRER AN, BN CAHdE
AN, SRR SRS N AR, PRl
RIS AN A TN 1 A0 1) N P BLER, JREEAT R A
WL REAS, ZphM s “RAT NI ARG, (E
CIRcRVASY SOE NN RS g i bR R 9
ik (BP) BIRWHITE 248, el Nz, KR
JER R AL, FE AR R R A B IR AR R A
RER T LSRR /B RR VTEC HT, 4
N2 HUMER VTEC A, it 2 A K VTEC {i.

4 TN K5 H
4.1 MERR LB

K Bk =743 9% 2003 451 2008 4= 1 H
1HZE 4 A 18 HIYmRBE, 4% N 22.5°, 2% E 115°
AERIZEE N 400, 4805 E 1150 khIsHa] ()R 2 2 /NI
VTEC It E 741 (3L 1300 ANt ) #EATE, FFET
50 A5 T 1) 45 AR 2E QB 6 B T &5 B (0 i e
(i) 2 ARV ST 1) 471 (e Bk ) (DB — 2, 50 25 T (1 e ]
FELIN 4 Ko EFEARRERE 28 5 fIt 3% B 2 7 1) 5 24 1K)
BRI S H,  DLSCR AR B A TR AT PN (1) &5 S 2=
Gt 2 fion.

KH ARMA 5780 b B ) o 4 o % IR R FH 2 43 Ak
HRRAS R 2253 Ab BRIV 25 AR L — B . fE AR
0 B 17 PR AR B, EESR T ARMA B8 T 75 1)
RMSE 45 4. an SR AUm R & 5 20 25 Sl 11
T B R TIIN 4 RN S B T 4 AR N
I K gl R R N I TS R S TN T ST £
%dE, RTINS RABAL . 7€ VTEC HILEK
(AR AT, BT N7 (PR R -8 A T o, E T
THINARL A T AE BT 2 A0 I BE Al E 1, RIMEAAAE
IXFE B AR TCRERM, B 25 57 i (B 2 A0 1 T At i
D25 AR TR SN o A, 4iE N 22,50 Ak fry A R
B 5 N 400 b 1Ry — AN ] o



Global Navigation Satellite System: Technology Innovation and Application

A RIS 18] 2 1) 23 1 7 5 O A AR 4G 2
RGN A, AL IERAT AR R K 225
PERN WA LR VF SIS 18] (R SR 2 PR A5 e, A P A AT
AR R AR AR A T P0TI X e 75 LA

AR T A28 00 246 77 R BEAT I 18] P 51 P 000N ¥ J88 A
TZHER b, RO R0, Bz
ZTUIIN G DL N . 2 UGB IER], 1
INEGRUZ AN IFANREA R P = e RS L, I
PEASCR AN B T AN Rz o AR T —
AR AL LS, IR TR BUE IR B LT

o253 Scientific
#4%» Research

RIS RAPAR, HIESHOEFR MR, &
L2 PNk .
AW, =R RPT SR e ik

I —2W RMSE f&5¥5, {H& ARMA 4 T3R5
UFREE R, IR ] A i AR I i, Yl )
TUMER Z RIEdE, R PARUGREE R 50 ik
P, — MR 10 KE 20 K. ML MR FHHT 1~3
RI ] LAAS B4 i (0 TR FE o JE FRVEEER
(1R 225 ) A AT TR0 1) 77 05 P T (0 4 P56 A L At
R Rl SR R - T SN E RN AN F =/ g =

(a) N22.5°4k 2003 &£ ARMA 753%. HAZTEEMTE. MEME/ETNLER

(b) N40°4k 2003 £ ARMA 3% 1A= EEMA . MEBMEH EZHNER

(c) N22.5°4k 2008 £ ARMA Fi3%. HZEEMAE. WEMEFETRALER

(d) N40°4b 2008 ££ ARMA 753%. HEZEEMTTE. WMEME T EMAER
6. XA=FAEWNAER IS EN VTEC HEH 50 SHNEIRE

159

978-1-935068-03-7 © 2009 SciRes.



3% Scientific
. J
+* Research

Global Navigation Satellite System: Technology Innovation and Application

#22. RAZRAENTERESERN VIEC MEESTNIREST

SE ARH# MAKE BWM RMSE BRARE BMMEE FHRE  S4 £
N 22,60 231 0 6.8911 20.1661 0.0303 5.1190 2003 4F
ARMA 260 0 4.4027 12.2419 0.1165 3.1641 2008 4 1%
N 40° 302 0 4,2920 9.3312 0.0502 3.3478 2003 4F E5y
140 0 1.0301 2.7007 0.0015 0.7979 2008 4
HE FAFER #AEH  FiW RMSE BKRE ®BPEE  FHEE FE4y
2 4 7.9940 19.3918 0.1458 6.1917 2003 4
bichesd] N225° -
= 3 7 4,0433 12.0515 0.1050 3.0401 2008 -
N 40° 3 9 4,6951 13.2163 0.1297 3.6784 2003 4E
3 7 1.2216 3.3000 0.0123 0.9550 2008 4F
it ﬁgf %ﬁf B RMSE  BARZE BARZ  THEZ 4
12 12 4,7503 12.4437 0.0221 3.3564 2003 4F
e N 22.5° 14
P 12 10 3.9875 120835 00158 27307  20084F g
0 12 10 2.7497 6.5988 0.0176 1.9773 2003 4
N 40 12 12 0.8635 2.1423 0.0273 0.6790 2008 4F
42 BIANKFARFEANMEENIERHET AR T :
Al :
DRI S, LBIE VIEC M | 2
KPR MRS, MBI X, HT | B
HE— AR TR, ASC R B T4 (SSND :
FUBTETE) AE 5503 NS RS T, SR R T
T 2755 AR BIELAT T4 o

BEX() Ky HL R VTEC M) fe41), SSN(G) 2ok
B S Rt T P41, ABCE) by bR I 34 St v 41l
Horpi =12, o a3 5 =R S5 10 i BRI TR
Ik

X(t)=[x(t) SSN(t) AE®)[

W 7 OKBH A AR e TS Sh i Py 248 & AR
AN
X (ti) = A(]-) X (ti-l) + A(Z) X (ti-z)
+..+AP)- X(t,)+e(t)

A, A, AQR).. A(P)eR¥™ [ [n)H A ¥
B, e(ty) g X(G) frIBEALIg: A5

%} 2003 4E4E S N22.5°, 2818 Sk E115° Ak 1 $icdi
AT AR, R — BTN, 45 SR I8 15 B0 20 R 42 7 o
H 2 VGRS LR — S 45 R R 1) VTEC I E Ab
ff) VTEC Tii% % RMSE 43 415 0 FAR, 1076 AR 1K)
VTEC SfRAL i 21 ) Pt 1 22 RMSE A3 BTk,
7Hin. B84 TIESZ RIN UT=6 %5
TR P EAR TR 22 (A8 Ak o BEAh, IR BH 2B 75

@)

978-1-935068-03-7 © 2009 SciRes.

160

7. AR FRE AR FRIRZER RMSE

—— VTEC+3SN+AE
—VTEC

30 1
20 1

=]

T 1378 2

~10
o

—zg L

UT=611) G 1 — A P 25 e 1)

8. UT=6 Bt A— MR E LIt

ARG NI AE SR E LS BEATTIEN, AT LA
PRI AL

5 it

K ARMA BT | AH 2% [R) A4 (1) F5 R 28 ) 6%
JiiE%; VTEC I [8)J7 FUREAT 43 B Al , AN ZE T
R A, Bk T B R R . AR R R 2
VTEC WJFHIA L, nf DL R30—@ R, Afi
ST B 1] 510 43 BT (PSSR A T T



Global Navigation Satellite System: Technology Innovation and Application

FIHH FET A2 0/ AR 3 n] DO HEL RS 2 VTEC 1)
I [F) 3 FUAEAT 43 B, 0 LAt B 1) 7 4 %) ) B A &
AR AR AL, ST AN )26 5 Ak 1 H50di o) B o v] LA
e, A DK A S, A B b X
AE IR N . 22 AN R R A7 A 3 W R 2
6] 7 H A7 AE TR 0 v B o R AR 28 () S AL 5 70T LR
3], £k Lyapunov 5504 1F, tHUEH T IRRFE 047
TE o AN I (R M AR s 1 S AR I 22 5, 3
TR ST P R A TR TR (1 2 S

K ARMA 7715 FH 25 18] R (19 735 L R A 221
LT VEARAFAE A BT S L £ 1) 8, ARMA J77%
(IR PERC R, T ES N 28 77 1: (1 S 50k B S 31 25
R I A B L o

K ARMA By T 3RAFRAF I 45 3, 20k
Pl A i (PRSI BAYA, Foe wh FH 2 7 DA 16 2 R 28
P P 2 A58 H 1 AT DU ST AR LR e G &R, SR D
S DA EE, 2 IR ARk sk nT LTS 205 =i
THIIHE B o

FE T VRS R AR 23 (R A AT T ) 7, b
S5k H ET AR 7S [ A (S IR B A7 A
FIRRMGRE . I BN gs 1 B ], S
AN RAFAERE S, IR P L K . TRV
I FRDRS B2 AH LG ICAR I P R O VR B AT a3, (R
— 30 N TR AT I 22 180 1 A LA 1R K
MR 5 o

K BH B 72505 ot Bl 20 i )32 2 5 N 21 H
22 VTEC T b2k, R AR R HEAT T 45 S
FEURRRIY VTEC WA AL AT 5% 22 RMSE A7 413411
FAG, TMAERERIG VTEC I AR AL I ZI 70 5% 2%
RMSE A 43 K, 3X—J5 1 1) AR I v] LAt —
TS

References (£ % 3 #K)
[1]

Yuan Yunbin, Ou Jikun, lonospheric Model of Generalized
Trignometric Series Function[J]. Progress in Natural Science,
2005, 15(8), P1015-1019(Ch).

FUEA, WG S, T AR H 2 IR BA], A
SRABLEIENE, 2005, 15(8), P1015-1019.

[2] Yuan Yunbin, Ou Jikun, Research on lonospheric Delay and
Rules of Electron Concentration Change Using GPS[J]. Global
Positioning System. 2001, 26(1), P19-21(Ch).

Sz, BREH, R GPS BT HL B2 B IR K HL R EEAR Y
ML), 4Bk fr RZE, 2001, 26(1), P19-21.

[2

161

[3]

[4]

[5]

[6]

[71

(8]

(9]

[10]

[11]

[12]

[13]

o253 Scientific
#4%» Research

[3] Zhang Hongping, Ping Jinsong, Zhu Wenyao, Brief Review
of the lonospheric Delay Models[J].Progress in Astronomy, 2006,
24(1), P18-28(Ch).

FLLP, CPEhEA, OROOHE, I, R EIEBUEAR LR
[, RacdkRE, 2006, 24(1), P18-28.

[4] Xiao Zuo, Zhang Donghe, An A pproach to Study The
Day-to-Day Variations of lonospheric TEC Directly by GPS
Time-Delay Signals[J]. Chinese Journal of Space Science. 2000,
20(2), P97~102(Ch).

e, SRACRIL 1R GPS Il B HUH AT A T R R
% HA, 2= RE2AR, 2000, 20(2), P97~102.

[5] Liu Jingbin, Wang Zemin, Zhang Hongping, Zhu Wenyao,
Comparison and Consistency Research of Regional lonospheric
TEC Models Based on GPS Measurements[J], Geomatics and
Information Science of Wuhan University, 2008, 33(5),
P479-483(Ch).

Misoat, EPRR, BL-PSE, JLAHEE GPS X4l & 2 TEC
AR I LA S — B[], i RBUR 22440 A5 BB
Jit, 2008, 33(5), P479-483.

[6] Wu Wenjun, Li Zhigang, Yang Xuhai, Cheng Zongyi, Wang
Xiaohan, Predicting lonospheric TEC with Time Series Model[J].
Journal of Time and Frequency, 2008, 31(2), P141-146(Ch).
ROk, ZFGN, 0T, FEoRE, EReRg, R R
BRI TR 0B 2 TEC[I], BRI %24, 2008, 31(2),
P141-146.

[7] Li Zhigang, Li Weichao,Cheng Zongyi, Feng Chugang, Di-
rect and Indirect Methods on Predicting lonosphere and Their
Compare[J]. ACTA Astronomic Since, 2008, 49(1), P29-45(Ch).
ZER, AR, FRRE AR, R TEC TR H
VR J LU [I], R34, 2008, 49(1), P29-45.

[8] Li Zhigang, Cheng Zongyi, Feng Chugang, et al. A study of
prediction models for ionosphere[J]. Chinese J. Geophys.
2007,50(2), P327~337(Ch).

ZER, FEGEEL AR, R TR AL 5T Bk B
#®[J], 2007,50(2), P327~337.

[9]1 A Krankowskia, W Kosekb, L W Barana, W Popinskic.
Wavelet analysis and forecasting of VTEC obtained with GPS
observations over European latitudes. Journal of Atmospheric
and Solar-Terrestrial Physics. 2005, 67, P1147 - 1156

[10] Han Min. Chaos Time Series Prediction :Theory and
Method[M].Beijing: China WaterPower Press, 2007.

BRRL VRV () 7 50 RO B8 5 U5k, b AR K H R R A
2007 4

[11] Jiang Herong, Yang Zengyu, Yang Meihua. Chaotic Char-
acteristics of the lonospheric Parameters and the Predictable
Time Scale[J], Chinese Journal of Space Science, 1994,14(3),
P221~226(Ch).

R, WML, B, WEESHURTRNR I L n] Tk
RO R E[I], ZS IRl 244, 1994, 14(3), P221~226.

[12] Ke Xuan, Wan Weixing, Ning Baiqi, Analysis of chaotic
properties and nonlinear prediction of ionospheric total electron
content over 120° E magnetism equator[J]. Chinese J . Geophys,
2006 , 49 (5), P1243~1249(Ch).

Mg, 7 A, TESE, 120° E BERIE B i R IR
SRR URR A AT B ARG ME TR PR [I], MR BE 24,
2006, 49(5), P1243~1249.

[13] Habarulema J B, McKinnell L A, Opperman B D L. To-
wards a GPS-based TEC prediction model for Southern Africa
with feed forward networks[J]. Advances in Space Research.
2009, 44, P82-92.

978-1-935068-03-7 © 2009 SciRes.





