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n pplications of neural networks made their debut in Japan in 1988. Fujitsu used a neural 

network for robot control [21], and NEC used one to recognize printed characters [4]. Since 

then, neural networks have been used extensively in Japan, and by 1990, they had been 

applied to commercial products and industrial systems. 

The first applications of neural 
networks to consumer products ap- 
peared at the end of 1990, and many 
such products appeared on the Japa- 
nese and Korean markets in 1991. 
Since fuzzy logic technology was al- 
ready in widespread use for con- 
sumer products at that time, many 
hybrid systems which combined neu- 
ral networks and fuzzy logic ap- 
peared [24]. One of the most promi- 
nent features of neural network 
applications to consumer products 
has been the combination of neural 
networks with fuzzy logic. 

So far, the following products 
using neural networks have been put 
on the Japanese market: air condi- 
tioners, electric carpets, electric fans, 
electric thermo-pots, desk-type elec- 
tric heaters, forced-flue kerosene fan 
heaters, kerosene fan heaters, induc- 
tion heating cookers, rice cookers, 
microwave ovens, refrigerators, vx- 
uum cleaners, washing machines, 
clothes driers, photocopying ma- 
chines, and word processors. Concur- 
rently with their appearance in con- 
sumer products, neural networks also 
appeared in various practical indus- 
trial systems [26], including applica- 
tions in finance and securities [4,16], 
steel and heavy industry [17, 271, 
manufacturing [28], and food (see 
Nikkei Sangyo News, May 16, 1992) 

The following industrial systems 
use neural networks: prediction of 
rating of securities [16], timing for 
stock selling and buying [6], predic- 
tion of futures yield of securities [26], 
rating of securities, prediction of fail- 
ure in continuous casting [27], in- 
spection of flaws in steel plate, classifi- 
cation of welding defects [17], sound 
analysis, inspection of printed an- 
alog-circuit boards, identification of 
parts on a lens production line [ZS], 
conversion from kana (Japanese al- 
phabet) to kanji (Chinese characters) 
in a Japanese word processor [7], and 
production of tofu (bean curd) (see 
Nikkei Salzgyo News, May 16, 1992 
(in Japanese)). 

CO~tIIeKial Applications 
Neural networks have been used to 
design membership functions of 
fuzzy systems that are used as deci- 
sion-making systems for controlling 
equipment. Some examples include 
the washing machine, vacuum 
cleaner, rice cooker, photocopying 
machine, and so forth. Almost all the 
products of the Matsushita Electric 
Group companies were designed 
using this technology, while other 
companies use other combinations of 
fuzzy logic and neural networks. 

Although fuzzy logic can encode 
expert knowledge directly and easily 

using rules with linguistic labels, it 
usually takes a lot of time to design 
and tune the membership functions 
which quantitatively define these lin- 
guistic labels. Neural network learn- 
ing techniques can automate this pro- 
cess and substantially reduce 
development time and cost while 
improving performance. 

The idea of using neural networks 
to design membership functions was 
proposed in 1988 [25] and involved 
the design of multidimensional mem- 
bership functions. This was followed 
by applications of the gradient de- 
scent method to the tuning of param- 
eters that define the shape and posi- 
tion of membership functions. This 
system tuning is equivalent to learn- 
ing in a feed-forward network. This 
method has been widely used to de- 
sign triangle membership functions, 
Gaussian membership functions, sig- 
moidal membership functions, and 
bell-shaped membership functions 
(see [24]). Simple function shapes, 
such as triangles, are used for most 
actual products. 

Figure 1 is an example of this type 
of neural network usage. The posi- 
tions and widths of the membership 
functions are tuned by a gradient 
method, reducing the error between 
the actual fuzzy system output and 
the desired output. 














