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Wiener process degradation
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Abstract This paper presents a Bayesian method for reliability assessment of products whose perfor-

mance degradation process are modeled by Wiener process. A recursive method for parameter estimation

is proposed. Compared with existing maximum likelihood estimate procedure, the calculation of param-

eter estimation in this method is simple. Further more, the proposed method can update the reliability

assessment result with new degradation test data without any consideration of old data. So the method is

also suitable for real time reliability assessment. An example, the reliability assessment of metallized film

capacitor, is given to show the validity. Some discussions are made and conclusion drawn.
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1 ®°¯±P²P³P´PµP¶P·P¸P¹PºP»P¼P³
. ½P¾ ·P±P²P³P¿PÀPÁPÂP´PÃPÄPµP¶PÅPÆÈÇPÉÈ· , Ê ¹PËPÌPÍPÎP·PÅPÆPÇÉ

, ÏPÐPÑ ¹PÒPµP¶PÓPÔPÕP»PÖP× . ØPÙPÚPÛPÜPÝ ·PÓPÞ , ßPàPáPâPáPãåä;æPçåä�èVéP�Pêåä;ÏPëP�P�PìPíPîïVðPñ µP¶PòPóPôPõP±P² ä÷ö ÅPÆ ä÷øPéÈù ·ÈúPû , ü ÄPÖP×PýPþ ä÷ÿ��Pì���� , ����� ËPÍPÎP·PÅPÆPÇPÉ .� µP¶P·PÅPÆPÇPÉ��
,
³�	�
��PÇPÉPÒPÄP±P²P³P¿ÈÀ�����È´��������È· ë���� [1] . ��� � , � ñ Û������Ä Ï�� µP¶P³�	�
��PÇPÉPÓPÔP±P²P³����P· �P	��P�P�� ���!�" .ÃÈÄÈ³�	�
��ÈÇÈÉÈ·È±È²È³È¿ÈÀ ï ���È¸È¹È·ÈÞ�#È´ÈµÈ¶È³�	�
�� �È��$�% .

µÈ¶È³�	�
�� ÏÈÐ ´�&� ��'�(�)���*,+.-�/�0�1�2�3 �P·�4�5 , ü Ä�6�7�� �åä8+.-�/�0 · Ø�9 ³ ,
µP¶�&�:��Pý�;P·P³�	�
��»��P´ Ø�9 · , <�= , ÏPÐ�>��PØ�9��P��%�? ��@�APµP¶P·P³�	�
�� , Wiener �P� ´PµP¶P³�	�
�� �P��$�%ï ��B Ð�� · %�? [2−5].

µÈ¶È·È³�	�
��ÈÇÈÉ ÏÈÐ ´�&�C�DÈýÈþÈû�E�FÈ»ÈËÈÌÈ· . G�H FÈ»ÈýÈþÈûÈ·Èþ�I ,ÏPÐ ��J ì þ�I�FP» ��'Pì þ�I�FÈ» . ß ô�K�L�MP¹�NPÒ ì ýPþPþ�I�FÈ»PÇPÉ , O ï Wiener �P��P Ç >��Q Õ�R�SPÁPÂPÓPÔPÀ�T
, Ê Ò 'Pì þ�I�FP»PÇPÉ ����UP� .
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� ýP±P²P³P¿PÀ . 	 K�§�¨�����[P³�	�
��PÇPÉ %�? ,
S�© \ Z�[ Wiener �P� ³�	�
��PµP¶P±P²P³P¿PÀP·

Bayes
ÁPÂ

, ª © Ï���« ¼���¬ è.�® ±P²P³P¿PÀ ��¯ ���P×�°�[ _ ÁPÂP· j�� ³ , c ÓPÔ�[�±�²�³ 	 .

2 ´¶µ¶·¶¸¶¹ º » ¼
½�¾�¿ ��ÀÈµÈ¶ ï8Á�Â

N
� ù�Ã ÓÈÔÈ³�	�
��ÈÖÈ× ,

Ò ù�Ã i,
��Ä�&Èý�;

ti1, ti2, · · · , timi

Ò O ÓÈÔ
mi Å FP» , O ï 1 ≤ i ≤ N ,

ËPÌ�Æ * ³�	�
��P»�FP»PÇPÉ :

X(t11), X(t12), · · · X(t1m1)

X(t21), X(t22), · · · X(t2m2)
...

...
. . .

...

X(tN1), X(tN2), · · · X(tNmN
)

(1)

ô�Ç�È�É * , Ê�Ë�e ²�ÌPµP¶P³�	�&�Í Å FP»�ÎPþP· 3 ��È�É .
Ò�E�ÏP·�FP»PÇPÉ

, Ð ∆xij = X(tij) −
X(ti(j−1)), Ñ ∆xij

J ù ¶ i
&Pý�;

tij
Ì

ti(j+1)

ÎPþP·�
��P»
,
¾ Ê ËPÌ�Æ * ·PÇPÉ :

∆x11, ∆x12, · · · ∆x1(m1−1)

∆x21, ∆x22, · · · ∆x2(m2−1)

...
...

. . .
...

∆xN1, ∆xN2, · · · ∆x1(mN−1)

(2)

3 Ò¶Ó Wiener Ô¶Õ¶Ö¶´¶µ · ¸¢× Ø Ù¢Ú ´ Û¢Ü
Ý ½ ý�;

t
µP¶P³�	�
��P»P·�Þ ��ß J X(t),

& ��à W�X ï , ü Ä�á�&�FP»�â�ã ì�<�ä ,

��P» ��à F» ß Z(t) å�åP
 Þ ��ß X(t)

ÎPþ�á�&���æP·�ã�ç
, è ô�Æ * ·�FP»PÁ � :

Z(t) = X(t) + ε,

O ï , ε
J�FP»�â�ã

, Ã K ï ,
Ý ½ FP»�â�ãP± ��é�ê , Ñ ô

Z(t) = X(t).Ý ½ µP¶P·P³�	�
�� �P� J Wiener �P� , è
X(t; µ, σ2) = µt + σW (t),

O ï X(t; µ, σ2)
JÈµÈ¶�&Èý�;

t
·È³�	�
��È»

, µ, σ2
J�ë�ì P Ç , W (t)

J�í�î�ï�ð�ñ�ò
, E[W (t)] = 0,

E[W (t1)W (t2)] = min(t1, t2).Ý ½
l
JPµP¶P·�ó�ô,õ ß , è�ö µP¶P·P³�	�
��P»�÷PÌ l

ýPµP¶�ó�ô
, Ñ µP¶P·�ó�ôPýPþ�JP³�	�
��P»§ Å ÷PÌ�ó�ô,õ ß l

·PýPþ
:

T = inf{t|X(t) ≥ l, t ≥ 0} (3)

K�L
[8] \ Z�[ T

·���ï�J�øPõ�ù���ï
:

F (t) = Φ

(
(µt − l)

/
(σ
√

t)
)

+ e2µl/σ2

Φ

(
(−µt − l)

/
(σ
√

t)
)

(4)

O ï Φ(x)
J�í�î�ú�û���ïP·���ï�üPÇ

, ý�þ�ÿ�� üPÇ�J
f(t) =

√
l2

/
(2πσ2t3)e−(l−µt)2/(2σ2t) (5)

4 �����¶¹ µ, σ
2 Ö Bayes Ü������

Ð σ2 = D,
ë�ì P Ç µ, D

·P×�	���ï�J
π(µ, D), ü Bayes 
�� , µ, D

·P×�©���ï�J
π(µ, D|∆x) ∝ π(∆x|µ, D) · π(µ, D) (6)E � ï , ∆x

J � (2) �� ·È³�	�
��ÈÇÈÉ . ÐÈù ¶ i(1 ≤ i ≤ N)
·�Í Å ³�	�FÈ»ÈýÈþ tij , ti(j+1)(tij <

ti(j+1), j = 1, 2, · · · , mi − 1)
ÎPþP·Pþ�I�J

τij = ti(j+1) − tij , ü Wiener ��� ·P³PºP±�ì
∆xij ∼ N(µτij , Dτij) (7)

ü�� (7)
±�ì

, ü ÄPýPþPþ�I τij c�' ± ¿ , ∆x c�' ´�� � Ä ¿ ����ïP· ù�Ã , >������ · Q Õ�R�SPÁPÂPÓÔ P ÇPÀ�TPý�T�`�������� ,
V�� \ Z * ÏP· Bayes

À�TPÁPÂ
.
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*�+
τij (i = 1, 2, · · · , N ; j = 1, 2, · · · , mi − 1) ,�-�. B(1 ≤ B ≤ Q) /�0�1�2�3�4�5�5�6 , 7�8�9 ∆xij:�;

B < :

∆x = [∆x1, ∆x2, · · · , ∆xB ] = [∆x11, ∆x12, · · · , ∆x1n1 , ∆x21, ∆x22, · · · , ∆x2n2 , · · · , ∆xB1, ∆xB2, · · · , ∆xBnB
].=�> 3�?�@�4�5�5�6�A ; τ1, τ2, · · · , τB , Q =

∑B

i=1 ni =
∑N

i=1 (mi − 1), B Q
;

∆x ,�C�D�3�E�F . ∆xb =

[∆xb1, ∆xb2, · · · , ∆xbnb
], 1 ≤ b ≤ B

;�G�H�I
N(µτb, Dτb) 3�J�K�L�M .N�O�P F µ, D 3�Q�M�R�S�T :

*�+�U�V�W�X�Y�=
µ, D T�Z�[�3 , \�] W�Y�:�^�_�`�a�b Z�c�d W�Y�:^

π0(µ, D). e µ, D 3 W�Y�:�^ π0(µ, D) f�g µτ1, Dτ1 3 W�Y�:�^ π(µτ1, Dτ1), h�i�j�<�k�l�m�n�F�7
∆x1 = [∆x11, ∆x12, · · ·∆x1n1 ], e I ∆x1 T G�H�I N(µτ1, Dτ1) 3�J�K�L�M , o�p _�` f�g µτ1, Dτ1 3 W�q:�^

π(µτ1, Dτ1|∆x1), r�p�f�g µ, D 3 W�q�:�^ π(µ, D|∆x1); s q e π(µ, D|∆x1) f�g π(µτ2, Dτ2|∆x1)t�;
µτ2, Dτ2 3 W�Y�:�^ , h ∆x2

q f�g µτ2, Dτ2

W�q�:�^
π(µτ2, Dτ2|∆x1, ∆x2), u�p�f�g µ, D 3 W�q:�^

π(µ, D|∆x1, ∆x2). v�w�x�y , f�g π(µ, D|∆x). ]�z�{ _�`�b�| (8) }�~ :

π(µ, D|∆x) = π0(µ, D)π(∆x1, ∆x2, · · · , ∆xB |µ, D)

∝ π(µ, D|∆x1)π(∆x2, · · · , ∆xB |µ, D)

∝ π(µ, D|∆x1, ∆x2)π(∆x3, · · · , ∆xB |µ, D)
...

∝ π(µ, D|∆x1, ∆x2, · · · , ∆xB−1)π(∆xB |µ, D)

(8)

|
(8) , , π(µ, D|∆x1, ∆x2, · · · , ∆xp), 1 ≤ p ≤ B }�~�h ∆x1, ∆x2, · · · , ∆xp

q f�g�3 µ, D 3 W�q�:�^ .
U

������� R�S X�Y , � ����������� :���
1
���

µ, D 3 W�Y�:�^�;���� - � Gamma
:�^

, B
π(µ, D) ∝ D−

1
2 e−

1
2η0D

(µ−µ0)2 · D−(β0+1)e−
α0
D ,

\�h�i b <�F�7 ∆xb = [∆xb1, ∆xb2, · · · , ∆xbnb
]
q

, µ, D 3 W�q�:�^���;���� - � Gamma
:�^

:

π(µ, D|∆xb) ∝ D−
1
2 e

−
1

2η1D
(µ−µ1)2 · D−(β1+1)e−

α1
D ,

]�,
η1 =

η0

1 + nbη0τb

, µ1 =
µ0 + η0nb∆xb

1 + η0nbτb

,

α1 = α0 +
nbu

2τb

+
1

2τb

· nb(∆xb − µ0τb)
2

nbη0τb + 1
, β1 = β0 +

1

2
+

nb − 1

2
= β0 +

nb

2
(9)

| , ∆xb = 1
n

∑nb

i=1 ∆xbi, u = S2
b = 1

nb

∑nb

i=1 (∆xbi − ∆xb)
2
:���; L�M���������� .�����

µb = µτb, Db = Dτb , \ µ = µb

τb
= λbµb, D = Db

τb
= λbDb, ]�, λb = 1

τb
, (µ, D) 3 W�Y�:�^�;

π(µ, D) ∝ D−
1
2 e−

1
2η0D

(µ−µ0)2 · D−(β0+1)e−
α0
D .

e�������@���F�3 :�^ f�g
π(µb, Db) ∝ |J | · (λbDb)

−
1
2 e

−
1

2η0λbDb
(λbµb−µ0)

2

· (λbDb)
−(β0+1)

e
−

α0
λbDb ,

]�, |J | =

∣∣∣∣∣
λb 0

0 λb

∣∣∣∣∣ = λ2
b

;�� F , \��

π(µb, Db) ∝ (λbDb)
−

1
2 e

−
1

2η0λbDb
(λbµb−µ0)2 · (λbDb)

−(β0+1)
e
−

α0
λbDb

∝ D
−

1
2

b e
−

1
2η0Dbτb

(µb−τbµ0)2 · D−(β0+1)
b e

−
α0τb
Db .

e I ∆xb = [∆xb1, ∆xb2, · · · , ∆xbnb
]
;�� r N(µb, Db) 3�J�K�L�M , ]���������� :���;

∆xb =
1

n

nb∑

i=1

∆xbi, u = S2
b =

1

n

nb∑

i=1

(∆xbi − ∆xb)
2,

\ (xb, S
2
b )
;

(µb, Db) 3�  :�¡�O @ , µb, Db 3 W�q�:�^�;
π(µb, Db|∆xb) = π(µb, Db|∆xb, S

2
b ) = π(∆xb, S

2
b |µb, Db) · π(µb, Db),

]¢, π(∆xb, S
2
b |µb, Db)

;��
(µb, Db)

X�
(∆xb, S

2
b ) 3£¤¥¦§¨�F .

U��
(µb, Db)

�
, ∆xb ∼

N(µb,
Db

nb
),
I T

π(∆xb|µb, Db) ∝ D
−

1
2

b e
−

nb
2Db

(∆xb−µb)
2

.
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p ��� (µb, Db) 4 , S2

b 3�§�¨���F
;

π(u|µb, Db) ∝ u
nb−3

2 e
−

nb
2

u
Db D

−
nb−1

2

b , u ≥ 0.

e I ∆xb, S
2
b J�K , ¶

π(∆xb, u|µb, Db) ∝ D
−

1
2

b e
−

nb
2Db

(∆xb−µb)
2

· u
nb−3

2 e
−

nb
2

u
Db D

−
nb−1

2

b .

o�p
π(µb, Db|∆xb, S

2
b )

= π(∆xb, S
2
b |µb, Db) · π(µb, Db)

∝ D
−

1
2

b e
−

nb
2Db

(∆xb−µb)
2

· u
nb−3

2 e
−

nb
2

u
Db D

−
nb−1

2

b · D−
1
2

b e
−

1
2η0Dbτb

(µb−τbµ0)2 · D−(β0+1)
b e

−
α0τb
Db .=�·�| u�¸�¹ � ,

π(µb, Db|∆xb, Sb)

∝ D
−

1
2

b e
−

1
2Db

(nb+
1

η0τb
)
(

µb−
µ0+η0nb∆xb

1+η0τbnb

)2

· D−( 1
2+

nb−1

2 +β0+1)e
−

1
Db

[α0τb+
nbu

2 + 1
2

nb(∆xb−µ0τb)2

nbη0τb+1 ]
,

B
π(µb, Db|∆xb, S

2
b ) ∝ D

−
1
2

b e
−

1
2η∗

1
Db

(µb−µ∗

1)2 · D−(β∗

1+1)
b e

−

α∗

1
Db ,

]�,
η∗

1 =
1

nb + 1
η0τb

=
η0τb

1 + nbη0τb

, µ∗

1 =
µ0 + η0nb∆xb

1 + η0τbnb

α∗

1 = α0τb +
nbu

2
+

1

2

nb(∆xb − µ0τb)
2

nbη0τb + 1
, β∗

1 = β0 +
1

2
+

nb − 1

2
= β0 +

nb

2

2 � , e�������@���F�3 :�^ f�g (µ, D) 3 W�q�:�^�;
π(µ, D|∆xb) ∝ D−

1
2 e−

1
2η1D

(µ−µ1)2 · D−(β1+1)e−
α1
D ,

]�, η1, µ1, α1, β1 e | (9)
���

,
��� f�º .U����

1 3�Q�» · ,
���

µ, D 3 ����N�O z�{ .
*�+�U�V�W�X�Y�=

µ, D T�Z�[�3 , ¼�½ a�b ]�Z�c�dW�Y�:�^
. e I�: <�F�7 ∆xp(1 ≤ p ≤ B)

;�����:�^
N(µτp, Dτp) 3�L�M , µ, D

:�� T�]�¾�¿ P F���À�¨P F , Á�Â�¾�¿ P F���À�¨ P F�3�0�Ã�k [9] , h
π(µ, D) ∝ 1 · 1

D
= D−1 (10)

�
µ1 = µτ1, D1 = Dτ1, �

π(µ1, D1) ∝ 1 · τ1

D1
∝ D−1

1 ,

\ , h ∆x1 = [∆x11, ∆x12, · · · , ∆x1n1 ], A ∆x1 = 1
n1

∑n1

i=1 ∆x1i, u1 = S2
1 = 1

n1

∑n1

i=1 (∆x1i − ∆x1)
2, e ���

1 3�º�Ä�z�{ _ [
π(µ1, D1|∆x1) = π(µ1, D1|∆x1, u1) ∝ π(∆x1, u1|µ1, D1)π(µ1, D1)

∝ D
−

1
2

1 e−
n1
2D1

(∆x1−µ1)
2

· D−
n1−1

2
1 e−

n1
2

u1
D1 · D−1

1

= D
−

1
2

1 e−
n1
2D1

(∆x1−µ1)
2

· D−(β∗

1+1)
1 · e−

α∗

1
D1 ,

]�, α∗

1 = n1u1

2 = 1
2

∑n1

i=1 (∆x1i − ∆x1)
2, β∗

1 = n1−1
2 . o�p

π(µ, D|∆x1) = π(µ, D|∆x1, u1) ∝ D−
1
2 e−

1
2η1D

(µ−µ1)2 · D−(β1+1) · e−
α1
D ,

]�, η1 = 1
τ1n1

, µ1 = ∆x1

τ1
, α1 = n1u1

2τ1
= 1

2τ1

∑n1

i=1 (∆x1i − ∆x1)
2, β1 = n1−1

2 ,
_ [ µ, D 3 W�q�:�^�;���

- � Gamma
:�^

.

A π1(µ, D) = π(µ, D|∆x1), \
π2(µ, D) = π(µ, D|∆x1, ∆x2) ∝ π1(µ, D) · π(∆x2|µ, D).

e ��� 1
_ [ π2(µ, D)

��;����
- � Gamma

:�^�Å�|
, Æ�] P F :���;

η2 =
1

n1τ1 + n2τ2
, µ2 =

n1∆x1 + n2∆x2

n1τ1 + n2τ2
, β2 =

n1 + n2 − 1

2
,

α2 =
1

2τ1

n1∑

i=1

(∆x1i − ∆x1)
2 +

1

2τ2

n2∑

i=1

(∆x2i − ∆x2)
2 +

n1n2

2τ1τ2

(n2∆x1 − n1∆x2)
2

n1τ1 + n2τ2.
.
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e η2, µ2, α2, β2 3 Å�|�_ [ , ��h ∆x1 Õ h ∆x2 Ö ��h ∆x2 Õ h ∆x1 f�g�3 π2(µ, D) 3�× � 1�2 , o�p|
(8) , ∆x1, ∆x2, · · · , ∆xB 3�Ø�Ù =�P F µ, D

W�q�:�^ 3 O�Ú�Û ��Ü�Ý .

v�w�x�y _ [ π(µ, D|∆x)
;����

- � Gamma
:�^�Å�|

, ] :�^�P F µB , ηB , αB , βB

_ e�Þ�y O�Ú f�g .

\�� , µ 3 W�q�ß�à §�¨ ;

π(µ|∆x) =

∫ +∞

0

π(µ, D|∆x)dD.

D 3 W�q�ß�à §�¨ ;

π(D|∆x) =

∫ +∞

−∞

π(µ, D|∆x)dµ.

U�á ��â�ã���F � , µ, D 3 Bayes
N�O

µ̂, D̂
:���;���ä ¥�¦�å�æ

µ̂ = E[µ|∆x], D̂ = E[D|∆x].

9 µ̂, D̂ ç�è | (4)(5)
_�` f�g�é�ê�3�ë�ì :�^ ��F���§�¨���F .

5 í�î�ï�ð
ñ�ò n�ó�ô�õ�ö�÷�ø�T�ùkú�ûü�Ã (ICF) ý�þ�ÿ�¿�������C�ø�¦ X j ,

; ÿ�¿�3�l H���¡���� l�@ ,

] _�� k�� á�= l H���¡�	�
 ý�þ�ÿ�¿�M���3 _�� k�� á ���¸����� b ��������3�Ü�Ý .ñò nóôõ¢ö ÷øT¢e��������������ú 20–100nm 3�� ñò ( �����¤ ñ ) 3��ó����p��3 .

e I ó U� é�z�{�,�0 _�!�"�#�$U�% ��&�'���(�)�3�*�+ , r�p�,�f�-�.�*�+�3�/�ö 
 ¨�0�1 ,
Å � “ ö2�3

”. ö�÷�ø U�4�t z�{�,65���7�8�ö69� �ö , s q�: 5�;�ö ; l H���¡���� l�@ .
U  �;�ö�3�z�{�, , eI 7�8¢ö�90�< tb , ö 2�3�= �ó�>��?�@�Ap Å ��;¢ö�B�C ; �ó�?�@�A324 , ö�D�Bz�@�A 3 Å �E ö6F , G�H�I�J�K�L , @�A 3�= 3�� ñ�ò�M >�N�O���P�Q��67�R�S�,�T à�U�V . -�L , I�J�@�A�0�>�Ü�Ý�g

¹�E�ö�÷�ø , ö�÷�ø�W�s _�` , b , -�j�z�{�X ; “ Y[Z ”[10−11]. ��w\Y[Z�z�{�]�^���3�_�T¢ö�÷@�`�a�b
3�â�ë , F�c�w�3\Y[Z�d�e�f�ö�÷�@�Ä6g�h�i . ����ö�÷�ø� �;�ö�w�F�3�j�8 , ö�÷�ø�3�÷���k�l ��m . n�ö
÷ø3÷� ��m @ = I j � 3�o�prq 4 , ö ÷ø3kl�sT�t � 3 , uj�v�wz�x�o�p , ö ÷ø3kl�y�z{�| n , }�'�â�~�N�O ·�� , ö�÷�@ � N�O���h , e�f�ö�÷�ø�ë�ì .

=�I�4�t�U K�� 
�� 3���l ñ�ò n�ó�ô�õ
ö�÷�ø , n�ö�÷�@�â�ë�w�z�����÷�� 5% 4 , ��w� �;�ö6^���3�ö�÷�@�â�ë�> E�E�·�� , ,�f�ö�÷�ø�3�k�l�0
Õ _�� , o�8 ` 5% 3�ö�÷�@�â�ë ;�ñ�ò n�ó�ô�õ�ö�÷�ø 4�t�������� 3���� [10] , ] 4�t 4�5���3�T� �;�ö
w�F ,

4�t���� ��]�÷�� ��m @�b I 5% 4�3� �;�ö�w�F .*�+�U�4�t 4�5 s, t(s < t) ö�÷�ø�3�÷�� :���; X(s), X(t), \ U 4�5�� ∆t = t− s q�÷���3�m�n�@ ;
∆x = X(t)−X(s). � 7 ö ÷ ø ÷ � 3 m n�z { , ∆x T���� w “ Y�Z ” ^�� 3�a�b â ë 3 � , p�� j w “ Y�Z ”

]�^���3�â�ë _�`�� ��T�1���J�K�3���b�3����@ , o�p ∆x T�����1���J�K�3�����@�3�� . e�,6��`�p ��
, ∆x

� r ����:�^ ,
_�`�*�+�ñ�ò n�ó�ö�÷�ø�3�ö�÷���m�n�z�{ ; Wiener z�{ X(t; µ, σ2) = µt+σW (t),

]�, W (t)
; ��� ^�� ��� , µ, σ2

;�� [ P F .� � 8 E¢ö ÷ø U 123 VW����� u¸klmn VW ,
= ]¢, 3 6 E¢ö ÷ø ,

U i 0, 1000, 2000,

3000, 4000, 5000, 6000, 7000, 8000, 9000, 10000 w �;¢ö q u¸?@ , ��7 2 E¢ö ÷ø U i 0, 2000,

4000, 6000, 8000, 10000 w �;¢ö q u¸?@ , � 1
���� ö ÷øklmn���  . ∆x = [∆x1, ∆x2] =

[∆x11, · · · , ∆x1n1 , ∆x21, · · · , ∆x2n2 ], ]�, n1 = 60, n2 = 10,
;���O�Ú ��y , h�4�5���¾ ; 1000 w , \ ∆x11,

· · ·, ∆x1n1 ∼ N(µ, D), ∆x21, · · ·, ∆x2n2 ∼ N(2µ, 2D), τ1 = 1, τ2 = 2.

A σ2 = D, h µ, D 3 W�Y�:�^�;�| (10)
Å�| 3�Z�c�d W�Y�:�^ , \

π(µ, D|∆x1) = π(µ, D|∆x1, u1) ∝ D−
1
2 e

−
1

2η1D
(µ−µ1)2 · D−(β1+1) · e−

α1
D ,

]�, η1 = 1
n1

= 0.0167, µ1 = ∆x1 = 0.1353, α1 = n1u1

2 = 1
2

∑n1

i=1 (∆x1i − ∆x1)
2 = 1.2197, β1 = n1−1

2 =

29.5, B
π(µ, D|∆x1) ∝ D−

1
2 e−

30
D

(µ−0.1353)2 · D−30.5 · e− 1.2197
D .

\
π(µ, D|∆x) = π(µ, D|∆x1, ∆x2) ∝ D−

1
2 e−

1
2η2D

(µ−µ2)2 · D−(β2+1)e−
α2
D ,
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]�, ,

η2 = η1

1+n2η1τ2
= 0.0125, µ2 =

n2∆x2+
µ1
η1

n2τ2+
1

η1

= 0.1305

α2 = α1 + n2u2

2τ2
+ 1

2τ2
· n2(∆x2−µ1τ2)

2

n2η1τ2+1 = 1.2982, β2 = β1 + n2

2 = 34.5,

B π(µ, D|x) ∝ D−
1
2 e−

40
D

(µ−0.1305)2 · D−35.5e−
1.2982

D , e Y ��3���¡ O�Ú f�g µ̂ = 0.1219, D̂ = 0.1745. e I· � O�Ú ,�4�5���¾ ; 1000 w� �;�ö , B µ̂ = 1000µ̂0, D̂ = 1000σ̂2, f�g µ̂0 = 0.0001219, σ̂ = 0.0132. �
2, 3, 4

:���������a�b�¢�¡ 3�` E�£ s��¡�� Bayes ��¡�f�g�3�ö�÷�ø ����:�^ ��F¥¤ §�¨��F�� _�� ¨
��F . r���, _�`���� , ��/���¡�f�g�3�¦ N × � 1�§ . s�p a�b ` E�£ s���¡�u�¸ P F NO 4 O�Ú 0 ;�V
& , -�¨ a�b Matlab ©�¦�f�g�F���ª . 1 =�I ` E�£ s���¡ , «�¬ ��� 3���¡ O�Ú��® � , Q�Æ�l�¯�° b�I± 4 _�� k�¦ N .

²
1 ³µ´µ¶µ´µ·µ¸µ¹µºµ» ²

2 ¼µ½µ¹µ¾µ³µ´µ¶µ¿µÀµÁµÂµÃµÄ

²
3 ¼µ½µ¹µ¾µ³µ´µ¶µ¿µÀµÅµÆ ²

4 ¼µ½µ¹µ¾µ³µ´µ¶µÇµÈµÆµÃµÄ

6 ÉËÊ
1)
U ¬�, P F N�O z�{�, , Ì ;�U�V�W�X�Y�=�P F µ, D T�Z�[�3 , o�p a�b Z�c�d�4�3 W�Y�:�^ .

±�Í
·

,
����U�V�W�X�Y�= k�l�m�n�z�{���j�. � ª , Q�Æ P F µ, D 3 W�Y�:�^�;���� - � Gamma

:�^
, B

π(µ, D) ∝ D−
1
2 e

−
1

2η0D
(µ−µ0)2 · D−(β0+1)e−

α0
D .

e ��� 1
_ [ , M�¬�3�×�«�W�s���K . -�/���  � , Î�Ï�Ð ��Ñ�b k�l�m�n�3�Ò���?�@�c�d�7 , s Ñ�b���Ó�Ô

c�d = é�ê _�� k�u�¸ ��Õ ¤�¦ N , - � T�M�¬�3���¡�1 =�I B � 3�` E�£ s���¡�3�Ö 3 X j .

2) «�¬ a�b Wiener z�{�×�Ø�é�ê�3�k�l�m�n�z�{ , Ì ; é�ê�3�k�l�m�n ;�Ù k�m�n�z{ , - U �����
  � Ö ±�Í �� �Q�0�Ú�¤ , 8�4 _�`�t���� = ��

τ = Λ(t), \ X(t; µ, σ2) = Λ(t) + σW (Λ(t)), B = 4�5�u�¸�Ã�Û , 9�]�Ü�n ;�Ù k�3���  , r�p a�b
M�¬�3���¡�u�¸ _�� k�¦ N . ]�, , Λ(t) 3 N�O ��¡ _�`�P ¼�¬�Ý [4].
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7 âËãËä
Q I k�l�m�n�F�7�3 _�� k�¦ N ��¡ ; K _�� ¤æå ��� ¤æb�ç�L�é�ê�3 _�� k�¦ N�è�é������ j�/�ª�êë�ì
. í = Wiener z�{�k�l�m�n�é�ê , «�¬ ��� j�/ _�� k�¦ N 3 Bayes ��¡ . x���¡�l�¯ = � 0�î�4�5

5�6�3�?�@�F�7 , ] O�Ú�® � ; Q�Æ , ����k�l�m�n V�W 3�u�¸ , l�¯�0�< �ï�_�� k�¦ N × � , p�0�ð����ï = ��Ó�Ô F�7 , o�p ��ñ�� °�¤ I ± 4 _�� k�¦ N .
ñ�ò n�ó�ö�÷�ø�3 _�� k�¦ N ±�ò W º � x���¡�3�°b k .
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