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Abstract: Aiming at the problem that it is difficult to obtain the reference value of sensors in fault diagnosis in industrial
field, a design method of self-diagnosis sensors without reference value based on the Bayesian inference is proposed. Firstly,
the transfer entropy method is used to quantitatively evaluate the redundant relationship between sensors, and the sensor
fault statistical model is established with the help of β-binomial distribution. Secondly, the Bayesian inference is used
to design the fault self-diagnosis algorithm for the sensor measurement system with and without reference value. For the
sensor measurement system without reference value, the output classification index is introduced for self-learning to obtain
the health status of the sensor. Finally, taking the temperature measurement system in the nickel flash furnace as an example,
the feasibility and effectiveness of the proposed method are verified.
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�gL$LÄm�W�¾100�Z#{Gÿ�l , �¦�D�¯�¦%�CãG÷�gL$LÄ

� -� M > 5. �I�P�O� �̃uLÌ�²)·�ö�Ö�-� �j

f(pav |k, λ) =
f(k |pav, λ)f(pav |λ)

f(k |λ)
, (7)

�¦�] k = {k1, k2, · · · , kM}�j�=
<G÷�gL$LÄ�;�P�O�˜

�uLÌ� -�,´Lö
8 . �)�? (7)F��0!•�ØAñ
��Ç

f(pav |k, λ) =
f(pav, λ)f(k |pav, λ)

f(k |λ)f(λ)
=

f(pav, λ)L(pav, λ)

f(k |λ)f(λ)
, (8)

�¦�] : f(pav, λ)�j�P�O�˜�uLÌ,´�xP¼�²)·�ö�Ö�-�  ,

X��#�9ç
��$�J�P�O�˜,´���Ÿ�& , �)�¾F	/ý�Z.�,´

�xP¼�²)· , 
����Y+X�0�W'å	Ï*6�•9ç
� [24]; f(k |λ) 
¼

f(λ) �6�[�j�Ç�‰�Ö�‘�&�;�P�O�˜�uLÌ� -��6�3
¼�Ç

�‰�Ö�6�3 , Aî�Ê�¦�j�h�  ; L(pav, λ)�j�l'f�-�  , %�Cã

L(pav, λ) =
M∏

m=1

P (K = km |pav, λ). (9)

�l'f�-�  L(pav, λ)
��O�Ù�? (2)�•9ç
� . 
X�9	ò63

�l�õ�å�; , 
��Y+X�l'f�-� �=�Ý��!“�P�O�˜�uLÌ�xP¼

�²)· , FJE÷9ç
�
>P¼�²)·�•.ž�Ê�uLÌ�£
w�²)· . +a�¾

P (K = km |pav, λ) �_+aβ–�¼N©�6�3,´(©�W�ã�Ê,´ ,
�ƒ�P�O�˜�{L$�Ç�‰�ÖE³Q��& , 
����>�n��	w�P�O�˜,´

�uLÌ
�Aú�Ý�W7- .

3.2 �u�u�uLÌLÌLÌ�ð�ð�ð#{#{#{
¼
¼
¼�Ê�Ê�Ê�}�}�}

9�#{Gÿ3+5��]���0�P�O�˜
�+O�uLÌ , �I
�7-�,8$

�¤�Z#{Gÿ3+5��4�¾�=�•�çF�>|(æ�1 , ��!”�j�T�Ê�Í�ž ,
Aô�`#{Gÿ3+5��]�_
V�9�P�O� 
̃�+O�uLÌ , �²�;�?�p/j :

f(pav |k, λ) > γ, (10)

�¦�] γ�j#{Gÿ3+5��]�uLÌ�ð#{,´L8�l . �ƒ%�Cã�?(10)�&
AÔ�j�P�O�˜#{Gÿ3+5�8#�A�9�0�Z�P�O�˜
�+O�uLÌ . FJ

E÷�;�?
��Ç�`#{Gÿ3+5��]�P�O� �̃uLÌ, �́²)· :

Pr(pav |k, λ)=
w
pav

f(pav |k, λ)dpav, (11)

+a�¾�:�?�_MŽ4ï�W0��6L�NÈ , AÑ1ÇE³�j
 Lî , 
�!”

Pr(pav |k, λ)63<•G÷+XPœ�D0��[K.:É(©	‘#K(Markov
chain Monte Carlo, MCMC)�é#�F�>|� �lF��l .

�)�¾�P�O�˜#{Gÿ3+5� , 
�7-�ˆ
X�J�Z�P�O�˜
�+O

�uLÌ , 
�!”��#��Í�ž�P5��uLÌ�Ê�}�é#�-$�ÕF�>|�Ê�} ,
63<•�E�•�uLÌCQ) �̂Ö Fc�Î)à�uLÌ�P�O� �̃ö.ž�Ê�}

Fc = |f(pav |k, λ) −f(pav, λ)| , (12)

�¦�] : f(pav, λ)�j�P�O�˜�£
w�uLÌ�xP¼�²)·�ö�Ö�-�  ;
f(pav |k, λ)�j�P�O�˜�£
w�uLÌ
>P¼�²)·�ö�Ö�-�  . ��

�*, �́uLÌ�Ê�}1Ç#��§�ƒ�²>˜ 1–2�p/j .

4 ������	ò	ò	ò636363�l�l�l�&�&�&,´,´,´8�8�8�AúAúAú�Ý�Ý�Ý�P�P�P�O�O�O�˜�˜�˜AîAîAîAÑAÑAÑ

4.1 AîAîAîAÑAÑAÑ	Ï	Ï	Ï*6*6*6

�)�¾��	ò63�l#{Gÿ3+5� , 5j�•#{GÿE÷0;� �ž�ö.ž

�W,´�T�Ý�Í�ž , �õ63<•	…�0�P�O�˜Lî�¯�¦�§�78�Aú�Ý

7-�Ë . 9�3+5��]�J�Z�P�O�˜�’�@�Ç�‰ , 
�	ò63�Ç�‰�P

�O�˜#{Gÿ� �ž�)�¦F�>|(æ�1F�>|Aô�` . 
X%�Cã�Ç�‰�Ö

Aô�'�7�7?±"r,´�P�O�˜Lö
893
$�µ , !bAô�`�P�O�˜�_


V�uLÌ , M0�6�À�P�O�˜� �ž
�	F�_
V%�Cã!“-(�£ . 9�
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X�0�Z#{GÿL$LÄ�µ , ���P�O�˜#{Gÿ� �ž
�	F�2�h , 6<
�¦�‰�P�O�˜�ZL¿�{
�+O�>�n
�	F , 
��M!•AÔ�jB��P�O
�˜
�+O�uLÌ , !”�4�=63<•L”B��P�O�˜�F�¦�‰�P�O�˜
w
�uLÌ, �́±1��õ�å .

>ž 1 1Í#� 1: �{LÒ�Ð�ƒ1Í#�
Table 1 Algorithm 1: Fault location algorithm

EÃEÃEÃ�•�•�• : #{Gÿ3+5��] N �Z�P�O� �̃ �ž
EÃEÃEÃ�*�*�*: #{Gÿ3+5��] k�Z�uLÌ, �́P�O� ,̃ �́}5ž
	ò	ò	ò� � �  : �uLÌ�P�O� �̃Z�  k, �P�O� �̃k�Z�  N , �í
�!Q�  Ck

N

E÷E÷E÷0;0;0;:
1 �þ N4ô�P�O� �̃ �ž�]�í
� k4ô�P�O� �̃ �žF�>|�Â�G

4ô
8 , �Ç� �̀ �žLö
8 {D1, D2, · · · , Di}
i=Ck

N
i=1 , �¦Aà

�…!ÿ4ô� �ž Di�]�P�O�˜5F
' ;
2 for i = 1, 2, · · · , Ck

N do;
3 FJE÷�?(8)
¼�? (12)AÑ1Ç�*�P�O�˜Di, �́uLÌCQ) �̂Ö
Fci;

4 end for

5 �6 Fci(i = 1, · · · , Ck
N )�þ�?� �̀W�Â�¿ , CQ) �̂Ö�0�W

, 	́£�j�uLÌ� �ž , !”�&�®�`B�4ô� �ž�p�)�Ä, �́P�O
�˜5F
' , 	£
��Ç� �̀uLÌ�P�O�˜ .

>ž 2 1Í#� 2: MCMC�ó�m1Í#�
Table 2 Algorithm 2: MCMC sampling algorithm

EÃEÃEÃ�•�•�• : �í�g,´-��7�6�3, �́ö�Ö�-�  f(z)

EÃEÃEÃ�*�*�*: f(z),´L¿�j�g�\ z1, z2, · · · , zn, �-� �g�\
w�l
Pr(pav |y, λ )

	ò	ò	ò� � �  : F���!•�  N

E÷E÷E÷0;0;0;:
1 �þ�²)·�ö�Ö�-�  f(pav|y, λ)�]�+�?�í�g�M�û�g�\
z0;

2 for i = 0, 1, 2, · · · , N − 1 do

3 Aî(æ�1zi = zi+1, �þQ��ß�6�3 q(zi+1|zi)�]+O�@�à
, �́g�\ zi;

4 AÑ1Ç�Õ
�)·

α(zi+1 |zi )=min(1,
f(zi)q(zi |zi+1 )

f(zi+1)q(zi+1 |zi )
);

5 �þ	jL$ (0,1)�]�9
w	0�6�3L¿�j
��0�Z�  u;
6 �²�Ì u 6 α(zi+1 |zi ), �I(æ�1 zi = zi; 
V�I zi =

zi+1;
7 end for

8 �Ç� �̀g�\Lö
8 {z1, z2, · · · , zn}, AÑ1Ç

Pr(pav |y, λ ) ≈
1

N

N∑
i=1

zi.

63<•�`"Ñ�9	ò63�l�Œ�j�T�Ý�P�O�˜EÃ�*!“.ž�W,´
�Í�ž , ��?ò#{�l y�Œ�j�P�O�˜EÃ�*,´�62«�7�7 , >˜/j�P
�O�˜� �ž,´���2� Gÿ , km>˜/j�P�O�˜#{Gÿ3+5�
X1\
m�Z#{GÿL$LÄ�µ�uLÌ�P�O�˜�Z�  . �� 3�Z�P�O�˜4ô�@
,´#{Gÿ3+5��j�» , �ƒ�p�9�P�O�˜
wF�>|!“�h�F
<�&�u
LÌ , 	£�¦� �ž>˜)à�_2«�l,´ , Lî��F�>|�9�x	j�6 , %�

Cãy = 0. �)�¾�¦���õ�å , 
w�9 1�Z�P�O�˜� �ž
¼�¦�‰
�T�Z>˜)à�=
< , %�Cãy = 1, �²
. 1�p/j .

0

1

2

  0

  1

  3


. 1 �*�¾?ò#{�l, �́P�O� �̃uLÌ/j�?
.
Fig. 1 Schematic diagram of sensor fault based on observation

value

�*�¾���:	Ï*6 , !b�¯�P�O�˜�§�78�Aú�Ý7-�Ë , M0@�
�ã�T�Z�£K^L�NÈ : �0�_�i�ž�P�O�˜#{GÿEÃ�*,´�62«�7
�7 y.ž�Ê�2�h�Z�  ; �¼�_�T�Ý�§�ƒ, �́uLÌ�P�O�˜ .

4.2 8�8�8�AúAúAú�Ý�Ý�Ý�P�P�P�O�O�O�˜�˜�˜AîAîAîAÑAÑAÑE÷E÷E÷0;0;0;

�O�Ù�P�O�˜�£
w�uLÌ�²)· pav�•�T�Ý�P�O�˜�_
V

�+O�uLÌ , 
XM �Z#{GÿL$LÄ�] , �62«�7�7 y ={y1, y2,
· · · , yM}, �i�žCM
&�ß�Ê*6
��Ç

f(pav |y, λ) =
f(pav, λ)L(pav, λ)

f(y |λ)f(λ)
, (13)

�¦�] : f(pav, λ)�j�P�O�˜�uLÌ,´�xP¼�²)·�ö�Ö�-�  ;
f(pav |y, λ)�j�".��Ç�‰�ÖGÿ	FAô�'�7�7 λ4Ö�•�;,´�P
�O�˜�uLÌ
>P¼�²)·�ö�Ö�-�  ; L(pav, λ)�j�l'f�-�  ,
%�Cã

L(pav, λ) =
max(y)∏
y=0

P (y |pav, λ)y. (14)

+a�¾�ƒ�}�õ�å�;5j�A�P�O�˜	ò63� �ž , �j63<•!ÿ
�0/ý�P�O� 
̃�+O�uLÌ, �́62«�7�7 y, �6�:�?�i�É�j

L(pav, λ) =
max(y)∏
y=0

P (y |pav, λ)y, (15)

�¦�] max(y)�j�P�O�˜� �ž�62«�7�7,´�0�W�l , %�Cã
max(y) = [(n+ 1)/2]. �ƒ y1V
8��/ý(©�Ê�62«�7�7
�& , �l'f�-� �J�j
>P¼�²)·,´�`AÑ���Ë�_�Á . +a!”
�
�Ç, #{Gÿ3+5��*)à�P�O� �̃uLÌM0%�Cã�;�? :

f(pav |y, λ) > γ. (16)

�9	ò63�l
¼��	ò63�l�õ�å�; , 	…�Z�P�O�˜
�+O�u
LÌ�¦���\CX	j�[ , 
�!” γ
¼�9	ò63�&,´L8�l�W�?-(
< .
�>�? (11)2«�l , #{Gÿ3+5��]�P�O� �̃uLÌ�²)·�j

Pr(pav |y, λ)=
w
pav

f(pav |y, λ)dpav. (17)
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+a�¾�?(11)
¼�? (17)�jMŽ4ï�W0��6F�1Ç , �)�¾ β–
�¼N©�6�3,´�=�r5��´F�>|@��À"r@�M’�d�¸�W
 Lî , 
�
!”63<•G÷+XMCMC�é#�F�>|� �lF��l [25].

�)�¾�P�O�˜#{Gÿ3+5�6<@0, �ƒ
>P¼�²)·�ö�Ö�-� 
Cµ�*L8�l�& , 8#�A�9�0�Z�P�O�˜
�+O�uLÌ , 6<
X��	ò
63�l�õ�å�; , FJE÷EÃ�*�62«�7�7ym�õ7-.ž�Ê#{Gÿ3+5�
�]�P�O�˜EÃ�*-(
<,´2«�[ , ��#�.ž�Ê�uLÌ�P�O�˜�Z�  .

X�ÎLu���J)à
j , #{Gÿ3+5��¸�A�*)à�9�0	z���:�P�O
�˜
<�&�uLÌ , 
�!”
��w�Ê ym < (n+ 1)/2, +a!”
�FJE÷
>˜3�]1Ç#��)�uLÌ�P�O� �̃Z� F�>|.ž�Ê .

>ž 3 1Í#� 3: �{LÒ�V�U�ž� �̀¦.¤�Ð
Table 3 Algorithm 3: The number of faulty sensors is

confirmed

EÃEÃEÃ�•�•�• : #{Gÿ3+5��]�P�O� �̃ �ž
EÃEÃEÃ�*�*�*: �uLÌ�P�O� �̃Z�  ym

E÷E÷E÷0;0;0;:
1 ��G÷�gL$LÄm = 1, �¦AÑ1Ç!”�&

y1 =
M
max
m=1

[P (y1 |pav, λ )y1 ];

2 while ym! = y1 do

3 �)�P�O� �̃G>˜F�>|Gý�à�Â�¿ , �6 y1�Z�P�O� �̃Â
X
�0�}M’ ;
4 L¿�j
X (1,M ]�]F9
��¤�  m, �¦AÑ1Ç!”�&

ym =
M
max
m=1

[
P (ym |pav, λ )ym

]
;

5 end while

6 �Ç�`#{Gÿ3+5��]�P�O� �̃uLÌ�Z�  ym.

!”�F , F�M0�)�uLÌ�P�O�˜F�>|�ö.ž�Ê�} . �=Lî
�
)à , 
X�".��uLÌ�P�O�˜�Z� ,´�õ�å�; , ��	ò63�l
¼�9
	ò63�l�¦�����[ , 
�!”
�
<�gFJE÷�E�•�uLÌCQ)^�Ö ,
�½�Y+X�uLÌ�Ê�}1Ç#� 1�)�uLÌ�P�O�˜F�>|�Ê�} .

5 �/�/�/-O-O-O�Î�Î�ÎP¼P¼P¼�6�6�6�À�À�À

5.1 �/�/�/-O-O-O�x�x�x�»�»�» : K}K}K}L�L�L�FOFOFO&¹&¹&¹3+3+3+5�5�5�

�¯+XL�FO&¹3+5��)K}F�>|2î./'Ä&ì�& , M0�þ./(™
�]��FO��
��pM0H��Ž�€�É , K}L�FO&¹'Ä&ì>õ5ž�²
. 2
�p/j .

39℃

50℃

221℃

465℃489℃478℃464℃413℃412℃370℃

861℃


. 2 L�FO&¹G��&
.

Fig. 2 Component drawing of flash furnace

L�FO&¹&¹�ƒ�35ž�9�WGÿ$Y�Ö�P�O�˜���×�fK}'Ä&ì
,´"W	F	ý�ÄE÷0; , �²
. 3�p/j .

427℃

47℃

48℃

54℃ 62℃

49℃53℃

349℃

403℃

173℃

241℃

42℃

47℃

42℃ 42℃

47℃45℃

35℃

38℃

36℃ 60℃

38℃37℃

35℃

47℃

41℃ 61℃

139℃44℃

47℃

42℃

46℃ 79℃

99℃56℃

50℃

44℃

36℃

43℃

41℃

52℃

47℃

46℃

58℃

61℃


. 3 L�FO&¹&¹�ƒ$Y�Ö�P�O� �̃3�p

Fig. 3 Layout of temperature sensor of flash furnace body

5.2 L�L�L�FOFOFO&¹&¹&¹$Y$Y$Y�Ö�Ö�Ö�P�P�P�O�O�O�˜�˜�˜�h�h�h?ñ?ñ?ñ�u�u�uLÌLÌLÌ�6�6�6�À�À�À

$Y�Ö�P�O�˜�jL�FO&¹�ð#{	ý�ÄE÷0;,´�h�ó>õ5ž ,

����J)à
jQ�$Y�ÃQ�	»�Ã2¹�H1y
�3P�¡
ý , �±�C
�+O�u
LÌ . �þ#{Gÿ� �ž@��Ö�*
�63<•�¦�h?ñ�uLÌ2«
» , �i�ž
)à
jG÷Lö� �ž , �¤*6�²>˜ 4�p/j . �\�·�k?±.D0¦$Y�Ö�P
�O� �̃*)àQ��š� �uLÌ, �́õ�å .

>ž 4 $_�Ü�V�U�ž�n?÷�{LÒ��F&
Table 4 Common fault description of temperature

sensor

�uLÌ2«
» �uLÌ(©�±�ÿF 

Outlier �uLÌ
#{Gÿ� �ž�]	5
[�UGý�•/ë�ÎLu�lN´#{
C»�ï�F, �́ �ž&é

Spike �uLÌ
.��&L$�µ#{Gÿ� �ž,´
�	F)·Cµ�*�qAè
,´93
$ , �uLÌFJ�h?¶-��J�Z#{Gÿ&é

Stuck-at �uLÌ
#{Gÿ�l�=�½D�L¿>Û#{Gÿ	òGÿ,´
�	F6<
�i
� , �¦� �l�ý
�7-5$�1
X!“�h93
$�µ

Q��š� �uLÌ
�P�O�˜#{GÿB���Cµ�*�qAè93
$ , #{Gÿ� 
�ž�*)à�W93
$#��Ø

5.3 K}K}K}L�L�L�FOFOFO&¹&¹&¹�P�P�P�O�O�O�˜�˜�˜�Ç�Ç�Ç�‰�‰�‰GÿGÿGÿ	F	F	FAôAôAô�'�'�'

�)#{Gÿ� �žF�>|�Ç�‰�ÖGÿ	FAô�' , �p�Ç�P�O�˜L$
�PFB'åGÿ	FAô�'�7�7�²
. 4�p/j . �j�¶�é�ïB$�> , 
. 4
�õF9
�#{Gÿ3+5��] 10�Z�P�O�˜F�>|�Ç�‰�ÖAô�' .

�þ
.�]
���-;�*�P�O�˜�\DÛ,´�PFB'å�j 1, 
.�]
λs0→s1 =0.236<λs1→s0 =0.54, B$�>�P�O�˜ s1�) s0�¡

ý�W�¾s0�) s1,´�¡
ý . 
. 4�…/j�¶�P�O�˜�{L$,´
��Ì
�£3+, �j�Î)à�P�O�˜,´8�Aú�Ý���Ë�¶�Í�ž .

5.4 �9�9�9	ò	ò	ò636363�l�l�l�&�&�&,´,´,´8�8�8�AúAúAú�Ý�Ý�Ý�P�P�P�O�O�O�˜�˜�˜AîAîAîAÑAÑAÑ

5.4.1 �u�u�uLÌLÌLÌ�ð�ð�ð#{#{#{

�9	ò63�l�õ�å�; , #{Gÿ
˜�O�µ�P�O�˜�uLÌ� -� km
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�".� , �Ä+XCM
&�ß�Ê*6	£
��Ç�`�P�O�˜�uLÌ,´
>P¼�²
)·�ö�Ö�-�  .

1.0

0.8

0.6

0.4

0.2

0.541 0.23 0.24 0.39 0.24 0.098 0.6 0.47 0.25

0.750.59 0.58 0.37 1 0.48 0.22 0.62 0.36 0.46

0.740.54 0.35 0.77 0.53 0.42 0.2 0.22 0.97 1

0.240.87 0.91 0.9 0.44 0.71 0.6 0.61 1 0.53

0.380.31 0.39 0.33 0.15 0.31 0.15 1 0.15 0.27

0.730.65 0.43 0.86 0.87 0.49 1 0.78 0.84 0.43
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Fig. 4 Measuring the transfer entropy between sensors in the
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Fig. 5 A posteriori probability density function with reference
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Fig. 6 Fault location with reference value
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Fig. 11 Fault location without reference value.
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Fig. 12 Mean and variance of posterior probability density

function without reference.
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