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s� 1. Fuzzy hybrid redundancy P|. 

Fig.  1. Structure of fuzzy hybrid redundancy. 
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s� 2. Fuzzy hybrid redundancy� 89 </ M7NO. 

Fig.  2. Fault detection algorithm of the fuzzy hybrid redundancy. 
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s� 3. Fuzzy hybrid redundancy� }i 9�. 

Fig.  3. Fuzzy membership function of fuzzy hybrid redundancy. 

 

~   1. Fuzzy hybrid redundancy� ;� ?@. 

Table 1. Fuzzy rules of fuzzy hybrid redundancy. 

 d
i
(k) d

j
(k) d

ij
(k) β

i
(k) β

j
(k) 

1 small small small N-C N-C 

2 small small medium L-C L-C 

3 small small large critical critical

4 small medium small N-C L-C 

5 small medium medium N-C critical

6 small medium large L-C M-C 

7 medium small small L-C N-C 

8 medium small medium critical N-C 

9 medium small large M-C L-C 

10 medium medium small L-C L-C 

11 medium medium medium critical critical

12 medium medium large M-C M-C 

13 small large × N-C M-C 

14 large small × M-C N-C 

15 medium large × critical M-C 

16 large medium × M-C critical

17 large large × M-C M-C 
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s� 4. Fuzzy hybrid redundancy� 	� �
. 

Fig.  4. Inference procedure of fuzzy hybrid redundancy. 

 

s� 5. Fuzzy hybrid redundancy ����� ��. 

Fig.  5. MATLAB simulation model of fuzzy hybrid redundancy. 

 

 

s� 6. Fuzzy hybrid redundancy� FIS 9�. 

Fig.  6. MATLAB FIS function block of fuzzy hybrid redundancy.
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s� 7. 89� Z9F� �( ���x RS. 

Fig.  7. Example of simulated signal of a brake pedal without a fault.
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s� 8. �� � �� 89� Z9C ���x RS. 

Fig.  8. Example of simulated origin al of brake pedal signals with

transient and intermittent fault. 
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s� 9. �P 89� Z9C ���x RS. 

Fig.  9. Example of simulated origin al of brake pedal signals with

permanent fault. 

 

 

�

�

�

�

�

�

� ��� ��� ��� ��� ��� ��� ��� 	�� 
�� ����

sampling time(ms)

b
ra
k
e
 p
e
d
a
l 
s
ig
a
n
l 
(V
)

s� 10. �� � �� 89� Z9C RS� fuzzy hybrid 

redundancy 8�. 

Fig.  10. Brake pedal signal output of fuzzy hybrid redundancy with 

permanent fault. 
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s� 11. �� � �� 89� �P 89� Z9C RS�

fuzzy hybrid redundancy 8�. 

Fig.  11. Brake pedal signal output of fuzzy hybrid redundancy with 

permanent fault and transient fault. 
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s� 12. 89�� V!�� XY fuzzy hybrid redundancy�

IAE QD�� 8�. 

Fig.  12. IAE performance index of brake pedal signal of fuzzy 

hybrid redundancy for varying fault rate with a fault value

of 10%. 
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s� 13. 89�� V!�� XY fuzzy hybrid redundancy�

IAE QD�� 8�.  

Fig.  13. IAE performance index of brake pedal signal of fuzzy 

hybrid redundancy for varying fault value with a fault rate

of 10%. 

 






