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2 ��B�DiuV'k�k�!0Y3-U��MS {xt} s�BC!�

x̃i = xi + ei (i = 1, 2, · · · , N) ,�X� ei ��^�B
;��Lk�!0Y3-U�
;�x xi %f�^�N �?TR	�*wgs� {et} [ {xt} sZ}{:[%>>#D/�Ty�
E(ei) = E(xi) = 0, COV(xi, xi−r) = E(xixi−r) = γ(r) ,

COV(ei, ei−r) = E(eiei−r) = γe(r), COV(e, x) = E(ex) = 0 ,

COV(x̃i, x̃i−r) = γe(r) + γ(r) .G% COV �3�H.�� γ [ γe �2� {xt} [ {ei} s83�HSR	rw ei �k�!0Y3-U�
;� γe t/�>#�




γe(y) = 0, y > 0

γe(y) = De, y = 0
.=�B�g {x̃i} 83�HSRs>#�

{
COV(x̃i, x̃i−r) = E[(xi + ei)(xi + ei)] = γ(r) + γe(r) = γ(r), r > 0

COV(x̃i, x̃i) = γ(0) + De, r = 0
.G% De ��B
; ei s�H	rw {xt}�k�!0Y3-UMS�̂ <�0Y3s># [11] ��-U���g Y = (x1, x2, x3, . . . , xN )HaCR N }�Z})b�� E(Y ) = 0	o�^�B
; ei s�H De ` �� Y s3�H� ΣY Y Hr�B�g {x̃i} s83�HSR"�	b�� Y %fw�!� 0 �3�H�� ΣY Y s N }��;��

Y ≈ N(0,ΣY Y ) ,�%3�H� ΣY Y L�(�:�	o det ΣY Y > 0 ��r�Z})bs>#H Z})b
Z = Σ

−1/2(Y − 0) (1)L N }�Z})b�� E(Z) = 0 � ΣZZ = IN 	 IN � N #m��	=Z})b Z L�^t�;s.3�Z}+b	
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γ̃(r) = N−1
N−r∑

i=1

x̃ix̃i−r , 0 < r ≤ N − 1 . (2)_:L γ(r) s��;	b�n	 Y = Σ
1/2 · Z � {Zt} ≈ IID(0, σ2) q���o N → ∞ ��

γ̃(r) s�0�;s�!L γ(r) 	;	b γ̃(r)(r = 0, 1, · · · , N − 1) >t
�s>#��℄�
N − 1 #:�

Σn =




γ̃(0) γ̃(1) · · · γ̃(n − 1)

γ̃(1) γ̃(0) · · · γ̃(n − 2)
...

...
...

...

γ̃(n − 1) γ̃(n − 2) . . . γ̃(0)
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3 ��TG TEC �iu�k

TEC Z��s+i0!�"�>+i>� I (����}s$>�K(�a�*-��&>w*
+i() [Z}>+i>� δI 	rN�	���X
},Dp�$>�K+i	b��"�>>� I H0H�Æ(G I(t) =
∑m

i=0 ait
i ��Z}>+i>� δI HM�k�!0Y3-UMS	�RE�<'��� δI s��l�%ks��Bg	b℄vZ!R#!*	gb�Ha+.4Qs���/i��^T%-<�B	�*�BY} ts�RE TEC�Bb� Ĩ(t)��B
; ε�-U�
;�� E(ε) = 0�x δI �^�= {δI + ε} [�k�!0Y3-UMS	�RE TEC �B{:H5R

Ĩ(t) = I(t) + δI(t) + ε =

m∑

i=0

aitj+1 + δI(t) + ε . (4)�dH�Y6 ∇ /��
∇Ĩ(tj) = Ĩ(tj+1) − Ĩ(tj); ∇kI(t̃j) = ∇(∇k−1I(t̃k−1)) =

k∑

i=0

(−1)iCi
k Ĩ(tk−1) ,G% Ci

k �A^	
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∇q Ĩ(t) = ∇qδI(t) + ∇qε = ∇q(δI(t) + ε) ,

E(∇qI(t)) = ∇qE(δI(t) + ε) = ∇qE(δI(t)) + ∇qE(ε) = 0 .
(5)tU�

∇q Ĩ(tk) = ∇qδI(th) + ∇qεh; E(∇q Ĩ(th)) = 0 .H�� ∇q Ĩ(t) � δI(tq−i) + εq−i (i = 0, 1, 2, · · · , q) s$>A^�� {δI(tq−i) + εq−i} Lk�!0Y3>-U��MS�r-U�;s$>+p:+>� ∇q Ĩ(t) ,�k�!0Y3-U��MS	b�� TEC H�BgL%>Bg�:~�mzM�T%��W+.Z}MSs83�HSR-</p��-<%ks�8�P	
4 �lq!�
4.1 �℄ISE2<4Q�U�Ha?��Q��OeB�REL#�<eN!*�

(1)  TEC��Bg-<H�℄U�rq��Bg	rN��dH��Hrq��Bg�
(2) Zo��1��RE TEC H�Bg�	Y)��Bgs83�H;!�5^< (3)G9�83�H:��
(3) ?o�P?T_L (%�?o 40 /?T) �	��z4Z5?TsÆ�h�_L�5^< (1) G9�.3��;sT% {Zt}(i = 1, 2, · · · , N) �Zo χ2 �8�PeBeN�
(4)2 χ2(N) = Z2

1 +Z2
2 + · · ·+Z2

N ≤ χ2
α(N) (α�8�s'��2g6�%��� 0.005)��RE1�N�#��+��RE�<'�	�e("��4Q�P��s0J�2< ACEVS ��s�U���n-<e�P?Ts

ACEVS ���P��	b�� ACEVS �����PHaE'��
(1)  TEC��Bg-<H�℄U�rq���g	rN��dH��Hrq���g�
(2) 2<o�s N /?T[	Y83�H;	sB-?TR M (%�8�� 100 � N >

100) �	Y γ(r) sT%;	 γ̃(r) �59RBg {γ̃i(r)}(i = 1, 2, · · · , N − M) �
(3) ��Bg {∆γ̃i,i+1(r) = γ̃i+1(r)− γ̃i(r)} (i = 1, 2, · · · , N −M + 1) �5<b9�6sBg {
ρ∇(r) = ∆γ̃i,i+1(r)

/√
γ̃2(0)

N(N+1)

}
(i = 1, 2, · · · , N − M + 1) 	)Bg {ρ∇(r)} Lf:%>s.3-U�;Bg�

(4) ^<�P?T (%�8�� 40) _LP
�9� χ2(k) =
∑k

i=1 ρ2
∇

(r) v	b�5^<h�_L�	��z4-<�REeN�P	2 χ2(k) ≤ χ2
α(k) ���RE1�N	
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{ 1 2000 � 7 � 14 .bSY�i�t TEC y,"+
(a) �W GPS �5< PRN29 �9vBD*L� (b) $2 GPS �5< PRN21 �9vBD*L�z 1(a) %�RE TEC ℄#H����g�$s�K>_y �:L���g��b�Zo8G (5) �)�g-<�#H��rq���g	z 2(a) 1Ze�#H�ds TEC +i

{ 2 �{ 1(a) (K�$I etA�Ch
(a) �%J"� (b) R(10) �
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{ 3 �[p9&?;�0qet χ
2 �Q(K

{ 4 ACEVS ��t χ
2 �Q(K
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Gaussian Random Process and its Application for Detecting

the Ionospheric Disturbances Using GPS

ZHANG Hong-ping1,2, ZHU Wen-yao1, HUANG Cheng1, PING Jin-song1

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China; 2. Graduate

School of the Chinese Academy of Sciences, Beijing 100039, China)

Abstract: Usually, ionospheric Total Electron Conten (TEC) variation with time can be viewed

as a stationary random process under quiet conditions. However, sudden events of the Sun and

the Earth such as solar flare and sudden commencement of geomagnetic storms may induce the

disturbances of the ionosphere, so that the stationary random process is broken which will lead

to the statistical model parameters changing. Based on this fact, here we made use of the time

series of TEC and the auto-covariance function of the stationary process to construct independent

identical distribution Gauss sample so that the χ2 test can be used to detect the abnormity hidden

in the sequence. In addition, GPS data collected by several IGS sites over China during the severe

solar flare occurred on July 14, 2000 are used to verify the method. The results indicate that the

disturbances caused by the solar flare can be effectively detected.

Key words: astrometry; GPS; TEC; Gaussian process; anomaly detection


