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Abstract 

An element having the mechanism of t ime-
vary ing threshold has been proposed by S. Aida 
and denoted as an IMICTRON. Several app l i ca t ions 
of the IMICTRON have already been discussed. The 
most d i s t i ngu i sh ing proper ty of the IMICTRON is 
i t s t ime-vary ing threshold leve l w i th a func t ion 
of r e i n t e g r a t i o n , which makes i t possib le to rea
l i z e a fuzzy l o g i c , such as required f o r the 
dynamic v i sua l - pa t t e rn - recogn i t i on network 
discussed here. 

The other method using the t ime-vary ing 
threshold is named the Var ishold method, which is 
an abbrev ia t ion of the va r i ab le threshold method. 
In t h i s system, the threshold is appl ied in a 
descrete t ime , whose leve l is va r iab le in each 
sampling t ime. 

This paper, t he re fo re , shows the two kinds of 
the pa t te rn r ecogn i t i on , the one is a v isua l a p p l i 
c a t i o n , tha t is a c l a s s i f i c a t i o n by the t ime-
vary ing th resho ld , and the other a t a c t i l e pa t te rn 
recogn i t i on by the descrete va r iab le th resho ld . 

1 . In t roduc t ion 

An IMICTRON1 network is character ized by the 
f ac t tha t in format ion appears in the system, at 
some p o i n t s , as a sequence of pulses of i den t i ca l 
shape, genera l ly non-equal ly spaced depending upon 
the number and per iod of the preceding pulse 
p a t t e r n , and of a p o s i t i v e s i gn ; and t h i s system is 
considered to be a new type of in format ion proces
sor. The IMICTRON has incorporated the c l ass i ca l 
axonal p roper t ies of temporal summation, t ime-
vary ing threshold w i th a r e i n t e g r a t i o n , i n h i b i t i o n , 
r e f r a c t o r y t ime and a l l - o r -none output . 

The name of the IMICTRON came from i t s mode of 
coding, Time I n t e r v a l Modulation Informat ion Coding 
2(TIMIC or IMIC). In a TIMIC system, the i n t e r v a l 
of the output pulse is determined by the past 
pa t t e rn of the output sequences. Therefore, the 
pulse i n t e r v a l s in IMICTRON networks are dependent 
upon the input s ignal and a t ime-vary ing threshold 
l e v e l , whereas the pulse in te rvan ls in the PWM ( 
Pulse Width Modulation) as we l l as PAM (Pulse 
Amplitude Modulation) systems may be considered 
s ignal - independent . 

The authors have proposed here a neurophysio-
l o g i c a l On, Of f l o g i c , in which the in format ion is 
processed by a t ime-vary ing func t ion that is 
somewhat fuzzy in comparison wi th the convent ional 
l o g i c a l systems, and discussed here the pa t te rn 
recogn i t i on f o r a moving ob jec t . 

Recent ly, many r e s u l t s have been presented 
f o r the i n t e r n a l s t ruc tu re o r in format ion p ro 

cessing of v i sua l and aud i to ry senses but i t is 
impossible to r e a l i z e the mechanical equipment. 
And t a c t i l e sense, tas te sense, and smell sense 
are in an unknown f i e l d or a kind of fuzzy se t . 
To increase p r o d u c t i v i t y , a general purpose 
machine or a robot has become of major i n te res t s 
l a t e l y as the i n d u s t r i a l machine to replace 
humans. Parts corresponding to a sensory organ 
which suppl ies external in format ion needed to 
design such a machine, and par ts corresponding to 
a cerebrum which car ry out c o n t r o l , memory and 
learning are needed to process the signal from 
the sensory organ and par ts corresponding to a 
hand and a leg are used to manipulate or locomote 
in response to an input s i g n a l . 

An a r t i f i c i a l f i n g e r , being considered as a 
par t of general purpose machines or robo ts , needs 
the funct ions of sensory organ, cerebrum and hand 
or l e g . 

Therefore, the t a c t i l e sense, in the absense 
of v i sua l sense such as w i th a b l i n d man, is 
espec ia l l y needed and w i l l take over a po r t i on of 
the func t ion of the v i sua l sense. 

2. Basic Element, IMICTRON 

A large number of mathematical or e l e c t r i c a l 
models have appeared in the l i t e r a t u r e . 3 In the 
IMICTRON model, the t ime-vary ing threshold 
dependent on the past pa t te rn of i t s output pulse 
sequences, is the d i s t i ngu i sh i ng proper ty which 
makes it poss ib le to design eas i l y such a fuzzy 
log ic proposed here. 
2.1 Sampled-Data Model of the IMICTRON 

A block diagram of the sampled-data model of 
the IMICTRON is presented in F i g . 1, and i t s main 
func t ions are described as f o l l o w s . 

I ) I n te rna l p o t e n t i a l leve l I ( t ) exponen t ia l l y 
increases toward the st rength of input s ignal 

x ( t ) at t ime t or the empty of the input s i g n a l . 
Whenever the output pulse is emi t ted , the 
i n t e r n a l p o t e n t i a l I ( t ) i s reset t o zero. 
I I ) Time-varying threshold leve l Of t ) is a 
basis f o r the generat ion of the output pulse. 
Whenever the i n t e r n a l p o t e n t i a l is equal to 
or greater than the threshold level 0 ( t ) , the 
i n t e r n a l p o t e n t i a l is reset to zero, and the 
output pu l se , o f dura t ion h , is scheduled to 
f i r e . The threshold leve l is increased during 
the output pu l se , then exponent ia l ly decays 
under ©max w i th the prescr ibed t ime constant. 
I f the r e p e t i t i o n r a t e o f the output pulses 
increases, the threshold approaches i t s 
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minimum leve l w i t h a c e r t a i n per iod and, i f no 
output is emit ted w i t h i n a c e r t a i n p e r i o d , 
the thresho ld l eve l recovers to the maximum 
constant th resho ld l e v e l , Qmax as shown in 
F i g . 2, t h i s proper ty is a r e i n t e g r a t i o n as 
i t i s c a l l e d . 
The s p e c i f i c a t i o n s of the IMICTRON ( the 

IMICTRON networks) presented here, emphasize one 
of the most i n t e r e s t i n g aspect of t h i s scheme of 
modulat ion, namely, the f ac t t ha t such an element 
t ransmi ts in fo rmat ion in the form of pu lses , when 
it is needed. These p roper t i es may be app l i cab le 
to var ious f i e l d s such as the IMICTRON Modulated 
feedback con t ro l system1 , a learn ing system4 , and 
a pa t te rn recogn i t i on system. 
2.2 Modi f ied IMICTRON^ 

The modi f ied IMICTRON is an element which is 
modi f ied f o r the purpose of r e a l i z i n g On and Off 
responses, and a proper ty of Adaptat ion* in 
neurophysiology. The authors have def ined such 
models as On- or Off-IMICTRON and so on. 

The modi f ied IMICTRON is given the same p r o 
per ty o f the r e i n t e g r a t i v e ac t ion f o r the t ime-
vary ing th resho ld l eve l and i t s block diagram is 
shown in F i g . 3. The i n t e r n a l p o t e n t i a l of the 
modi f ied IMICTRON is not reset to zero when the 
output pulse is emi t ted . Therefore , the output 
pulses are c o n t i n u a l l y emit ted whenever the 
comparator 's output (C in F i g . 3) is equal to or 
greater than zero (C>0). 

3. Dynamic V isua l -Pat te rn-Recogn i t ion by IMICTRON 
Networks 

3.1 Rea l i za t ion of On, Of f and On-Off ce l l -Ne t s 
by Modi f ied imictrons 
A basic concept of On, Of f and On-Off 

responses in a v i s u a l receptor is descr ibed in the 
preceding sec t i on . Here the authors set out to 
r e a l i z e these responses by the TIMIC system and to 
u t i l i z e them in an in fo rmat ion processing system. 
Each of the responses is r ea l i zed by a modi f ied 
IMICTRON. 
3 .1 .1 On-IMICTRON: The block diagram of the On-
IMICTRON is i l l u s t r a t e d in F i g . 3. The th resho ld 
con t ro l pulse generator produces one pulse whose 
ampli tude is m' and wid th d in the presence of an 
analog s igna l from a receptor . 

The shape of the thresho ld con t ro l pulse is 
determined by the proper ty of 0 ( t ) and the input 
va lue 0 ( t ) . 
3 .1.2 off- imictron The Off-IMICTRON is i d e n t i c a l 
to the On-IMictron in every respect but a p o s i t i o n 
of the output pulses (see F i g , 5 ) . 
3 .1.3 On-Off IMICTRON: On-Off IMICTRON can be 
r e a l i z e d by the thresho ld con t ro l pulse generator 
p rov id ing func t ions both of On and Off responses. 
3.2 Network Organizat ion 

In u t i l i z i n g the TIMIC system, the network 
con f i gu ra t i on i s b a s i c a l l y f i x e d i n t h i s k ind o f 
connect ion. For example, the basic c i r c u i t o f the 
movement-detection net is shown in F i g . 4. The 
"0n" and "O f f " in the c i r c l e s represent the On-
and Off-IMICTRON, r e s p e c t i v e l y . It has been noted 

* Upon a p p l i c a t i o n af a constant s t imu lus , the 
frequency of the nerve output pulses was f a s t and 
then soon af terward decreased. 

tha t the na tu ra l response of the IMICTRON to a 
D.C. input is a non-per iod ic (asynchronous) 
sequence of pu lses. This system has been con
s t ruc ted cons is t ing o f , (a) a receptor cone 
analog, p rov id ing continuous vo l tage output 
p ropor t iona l to the st imulus l i g h t , (b) On-
and Off-IMICTRONs which t ransform the s ignal to 
the pulse t r a i n s represent ing the "0n" and "O f f " 
responses in neurophysiology, (c) a moving spot 
detector IMICTRON, in the presence of pulse t r a i n s 
of c e l l s #3 or #4 detects the movement in the 
d i r e c t i o n s as shown by the arrows. This system 
cannot detect the d i r e c t i o n of movement whose 
speed or character ( a l t e r n a t i v e moving) is such 
tha t both c e l l s generate pulse t r a i n s at the 
same t ime . The v i sua l r e s o l u t i o n is determined 
by the f ac to r s of each IMICTRON such as t h e i r delay 
and thresho ld v a r i a b l e s . Furthermore, t h i s 
connection saves elements compared w i th the any 
of the convent ional research5 and represents a 
new in format ion processing system. 

In F i g . 4, i f a moving spot moves from 
receptors 1 to 2, the IMICTRON #3 emits several 
pulses by the summation of the Of f - and On-
IMICTRON dur ing the prescr ibed t ime , however c e l l 
#4 does not emit enough pulses to recognize the 
d i r e c t i o n s or a movement. These operat ions are 
caused by the a c t i o n s of spa t i a l summation w i th 
delay to the input pulses and t ime-vary ing 
thresholds of the IMICTRON. A f t e r recognized the 
d i r e c t i o n of a movement, when the next moving spot 
i s moved in the opposi te d i r e c t i o n , i f the thresh© 
hold leve l of c e l l #3 does not recover enough 
toward the maximum thresho ld l e v e l , Omax, both 
c e l l s #3 and #4 emit several pu lses , in t h i s case 
t h i s system cannot recognize the d i r e c t i o n of 
mot ion. Therefore , v i s u a l r e s o l u t i o n depends upon 
both the delay t ime f o r On- or Off-IMICTRON , and 
the recovery t ime of the t ime-vary ing thresholds 
of the IMICTRON ( c e l l s #3 and #4) . 

F i g . 5 i l l u s t r a t e s the r e l a t i o n s h i p s between 
the outputs of the On- and Of f IMICTRONs and the 
inputs of the IMICTRON c e l l s #3 and #4, respec t i ve 
ly in the case of a l i g h t spot moving from recep
t o r s 1 to 2. 

During the s imu la t i on , each input shown in 
F i g . 5 is t ransmi t ted to as many as 20 Detector 
IMICTRONs. Each sub- input of the o rd inary 
IMICTRONs (3&4) is a pulse t r a i n and i t s output 
is assigned by the per iod and number of the output 
pulses of the modi f ied IMICTRON. This approach of 
assigning scat tered sub- inputs is in f luenced by 
the school of neurophys io log is ts who emphasize the 
dendr i te r ecep t i on . 
3.3 Results and I n t e r p r e t a t i o n 

This experience has ind ica ted tha t the 
e lec t ron i c system is a convenient and usefu l t o o l 
in the fo rmu la t ion and exp lo ra t ion o f t h e o r e t i c a l 
models o f r e t i n a f u n c t i o n . This type o f s imula
t i o n is a more simple con f i gu ra t i on and more 
s i m i l a r to a l i v i n g system than any of the 
mathematical or experimental models f o r the v i s u a l 
in format ion system, espec ia l l y the delay t ime of 
On- and Off-IMICTRONs. 
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4. T a c t i l e Pat tern Recognit ion Using the VARISHOLD 
Method 

4.1 VARISHOLD Method 
The VARISHOLD Method is a shortened form of 

the va r i ab le threshold .method. The threshold is 
appl ied in a descrete t ime. Tts leve l is va r i ab le 
in each sampling t ime. This sect ion shows the 
method of pa t te rn recogn i t ion using the VARISHOLD 
Method. 

I t is a matter of un iversa l knowledge tha t the 
threshold var ies i t s leve ls and tha t a l i v i n g 
body has the q u a l i t y of being adaptable. 

'The thresho ld is a reference leve l r e l a t i v e 
to externa l s t i m u l i , and whose leve l var ies 
due to c i rcumstance." 
This method is to vary the threshold accor

ding to the purpose of the system as wel l as 
the input of the syst em. 

So to speak, VARISHOLD Method intends tha t 
the authors apply a va r iab le threshold of l i v i n g 
body to technolog ica l system. The threshold is 
changed according to t ime, co-ord ina te , and t ime-
space. F i g . 6 i l l u s t r a t e s some threshold v a r i 
a t i ons . 
4.2 Construct ion of Comparator 

This comparator compares a given s t a t e , tha t 
i s , i n n e r - p o t e n t i a l w i th the th resho ld . 

where I p ( t ) , 0 , is i nne r -po ten t i a l and t h res 
hold r espec t i ve l y , and 7 is delay t ime. 
4.3 T a c t i l e Pat tern Recognition 

In genera l , the objects are recognized as a 
v i sua l p a t t e r n . I f the pa t te rn recogn i t ion w i th 
a id o f o p t i c a l sense i s s k i l l f u l l y const ructed, 
a r t i f i c i a l f i n g e r can be eas i l y used f o r manipu
l a t o r of general purpose machine or hand of robo t . 

This sect ion discusses a poss ib le technique, 
tha t i s , the VARISHOLD Method, tha t is being 
developed f o r the recogn i t ion of 3-dimensional 
s o l i d pa t t e rns , f o r example, cub ic , edge, p lane, 
e t c . , w i t h view o f i t s app l i ca t i on t o the a r t i 
f i c i a l f i n g e r . 

The fo l l ow ing steps are considered as the 
process o f a r t i f i c i a l f i nge r recogn i t i on w i th 
t a c t i l e sense. 

1) Taking rough aim at the object scale or 
form from f i nge r s ta te which is g r ipp ing 
the ob jec t . 

2) Taking the s ta te of the object surface by 
t a c t i l e sense. 

3) Taking the s ta te of the other surface by 
changing the g r i p s ta te o f the f i n g e r . 

4) Recognizing the object from the i n f o r 
mation of step 1 - step 3. 

Main d iscussion is the surface s ta te of step 
2, as shown in P ig . 7. 
4.4 Technological Model of T a c t i l e Receptor 

As shown in F i g . 8, a simple model of1 t a c t i l e 
receptor i s constructed from i t s phys io log ica l 
one. I t is we l l known tha t sensory nerve and i t s 
ending which serve t a c t i l e sense ex i s t in s k i n . 
The model e l iminates temperature, pa in and touch 
sensation of t a c t i l e sense and put a pressure-
e l e c t r i c t rans format ion element or pressure sensor 

corresponding to pressure sense. 
Moreover, the surroundings of i t s elements 

are f i l l e d by approximate e l a s t i c m a t e r i a l . When 
any object comes in contact w i th the surface of 
the model, a s t r a i n r e s u l t i n g in e l a s t i c de fo r 
mation of mater ia l t ransmits to the pressure-
e l a s t i c t ransformat ion element, and is converted 
t o e l e c t r i c a l s igna ls . 
4.5 Construct ion of Receptor 

I t is known tha t the phys io log ica l receptor 
corresponding to pressure sense is the Pacinian 
corpuscle. Pacinian corpuscles emit impulses 
according to corpuscle deformation which r esu l t s 
from the s t r a i n of sk in t i ssue that is caused by 
the pressure of an object on the sk i n . There 
are larger ones (w i th a length of RSOyUand 
diameter of 500 u) in comparison w i th the other 
c e l l s . The sensory nerve ending in i t s corpuscle 
is surrounded by a lamel lated f l u i d - f i l l e d 
capsule which is dependent on the viscous element. 

Therefore, the receptor u n i t corresponds to 
the pacin ian corpuscle described above and i t s 
u n i t input constructed as shown in F i g . 9 can be 
considered as the sk in surface or surface of a 
pacinian corpuscle. 

I t i s su i tab le f o r our purpose to t r e a t 
i nne r -po ten t i a l I p , as the t r ans fe r func t ion "G" 
is apparent ly compl icated. 

The g lobu lar surface contact ing on the 
sur face, F i g . 10 shows the pressure d i s t r i b u t i o n 
occuring on the recept ive f i e l d corresponding to 
a sensory nerve c e l l group. I t s d i s t r i b u t i o n is 
3-dimensional. 

The response of pressure d i s t r i b u t i o n can be 
taken by the in format ion f o r each th resho ld . 
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movement of f i nge r t i p s . Moreover, i t may be 
recognized by a continuous movement of the f i nge r 
t i p s . And the VARISHOLD Method w i l l be appl ied 
to the var ious engineering f i e l d s . 
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