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A Fuzzy Inference LSI for an Automotive Control

Norikazu Ohta, Yoshihisa Harata, Kiyoharu Hayakawa
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Abstract

Fuzzy control is suitable for automotive control, because of its controllability as good as that obtained by
mankind. However, since automotive control requires milli-second response and learning control, and the
fuzzy system in automobiles requires small-sized compact ( built-in type ), a custom fuzzy inference LSl is
needed for automotive control. We then investigated requirements of a fuzzy inference LSI suitable for auto-
motive control and fabricated a fuzzy inference LSI satisfactory to these requirements.

The fabricated fuzzy LSl is designed to be used in various automotive control experiments. The inference
time is 63 micro-seconds under the conditions of six inputs, two outputs and 256 rules. Combination of this
fuzzy LSI only with EPROM makes it possible to implement a fuzzy control system. The fuzzy LS| was
applied to a rough road durability test, aiming at the automatic driving equivalent to human driver's opera-
tion. In the test, the accumulated steering compensation of less than twenty degrees in the fuzzy control was
about one third of that in the linear control.

The fuzzy LSI fabricated for use in various experiments is too large ( 104 9 mm) to adopt as an
automotive part. Therefore, we studied a smaller-sized fuzzy LSI. The obtained chip is small enough (4.8
mmx 4.8 mm ) for automotive applications and can be built in a microprocessor as a fuzzy inference co-
processor without any other circuits.
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Table 1 Specifications of the fuzzy inference LSI.

Input variables 6
Output variavles 2
Production rules 256
Membership function Input 14, Output 7
Input resolution 8 bits
Grade resolution 4 bits
Output resolution 8 bits
Inference time Less than 20€ec
Inferencé 3

a7

Table 2 Number of calculations in the C G method.

Kinds of Number of calculatiors
calculation
Rule Min. 4864
processing Max. 4096
Multiplication 512
Defuzzifier Addition 1020
Division 2

" [Condition] inputs: 6, outputs: 2, rules: 256,
resolution: 8 bits, number of MFs: 7

Y Number of fuzzy inference rule sets
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Fig. 1  Defuzzifier in the area method.
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Block diagram of the fabricated fuzzy inference LSI.
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Table 3 Characteristics of the fabricated fuzzy inference LSI.

Input variables 6
Output variables 2
Production rules 256
Rule processing Min-Max

Defuzzifier

Algebraic-product / area center-of-gravity

Inference speed

#Bec ( 5MHz clock’)

Chip size 10.7mm 10.9mm
Number of transistors 140,000
Process technology Jutgh CMOS
Interface 8-bit custorpp / 16-bitpup M68000
Two chips

Minimum system structure fuzzy LS| + EPROM(IMF)

Y Condition of 6 inputs, 2 outputs and 256 rules

Rule ™9
(ROM) -
Rule | Address =1 Rule ™ Rule _
address decoder processing
-| =i (RAM) circuit
#{ Flag |
Data —-= =1 (RAM)

|_Rule counter |

Decoder

Fig. 4 Relation between default ROM and RAM for learning function.
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Microphotograph of the
fabricated fuzzy inference LSI.
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Fig. 7 Control results ( comparison between linear and fuzzzy control ).
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Input variables 4
Output variables 2
Production rules ROM 128
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Inference 1
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Expected inference timle 140usec

Y Condition of 4 inputs, 2 outputs and 160 rules
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