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Abstruct 

The purpose of t h i s paper is to suggest the 
use of b i o l o g i c a l movements of detectors f o r p a t 
t e r n r e c o g n i t i o n . The authors demonstrate a unique 
method f o r recogniz ing pat terns composed of 
s t r a i g h t and curved l i nes such as characters or edge 
p a t t e r n s , independent o f p o s i t i o n , r o t a t i o n , s i z e , 
or s l i g h t deformat ion. The p r i n c i p l e of the method 
i s , d i f f e r e n t from conventional scanning techniques, 
based on preview con t ro l l ed curve t rack ing movement 
s i m i l a r to the saccadic motion of the eye. The 
recogn i t i on depends on the t ime sequence of s t r a i g h t 
l i n e , curve, angle, i n t e r s e c t i o n , e t c . D i sc r im i 
na t i on between a s t r a i g h t and a curved l i n e , la rger 
or small cu rva tu re , and obtuse or acute angle is 
based on the r e l a t i v e d i f f i c u l t y in t rack ing the 
l i n e . For small pa t terns which l i e completely 
w i t h i n the f i e l d of the de tec to r , a well-known 
m u l t i - l a y e r e d recogn i t ion device is super io r . For 
l a rge r p a t t e r n s , however, which l i e p a r t i a l l y ou t 
s ide the f i e l d , the method proposed here is su
p e r i o r . 

The authors t h i nk tha t t h e i r method could be 
use fu l f o r the eyes of robots when combined w i t h 
the k ind o f mu l t i - l a ye red pa t te rn recogn i t i on 
devices described by Fukushima*). 

Notat ion 

In t roduc t i on 

One of the important problems in pa t t e rn r e 
cogn i t i on is the development o f techniques to over
come the d i f f i c u l t i e s of t r a n s l a t i o n and r o t a t i o n . 

I t is a f a c t , proved exper imenta l l y , t ha t we 
cannot see the shape of an ob jec t i f there is no 
r e l a t i v e motion between the eyebal l and the o b j e c t . 
Moreover, i t is a we l l known f a c t also tha t the 
f rogs do not respond to s ta t i ona ry ob jec t s . These 
f ac t s suggest t h a t movement of the o p t i c a l detec
t o r is a necessary cond i t ion f o r the l eve l o f 
pa t te rn recogn i t i on tha t is found in many animals. 

So the authors would l i k e to propose here a 
novel and simple method which employs mechanical 
movement of the o p t i c a l de tec to r . The movement 
is l i k e the saccadic motion of the human eye. By 
t h i s method, i t i s poss ib le t o recognize pat terns 
composed of s t r a i g h t and curved l i nes such as 
characters and edge pa t te rns independently of t h e i r 
p o s i t i o n , r o t a t i o n , s i z e , o r s l i g h t deformat ion. 

Although the development of the equipment is 
s t i l l incomplete and the t r ack ing speed of the 
detector is not yet adequate, the authors w i l l 
o u t l i n e t h i s method and would apprec iate your 
candid c r i t i c i s m . 

The f o l l ow ing no ta t ion is used in the paper: 

E : edge po in t 
I : pulse s igna l generated from the ins ide 

preview pho to -ce l l P p i 
Kj : constant 
K2 : constant 
0 : pulse s igna l generated from the outs ide 

preview pho to -ce l l Pp0 
i ns ide preview pho to -ce l l 
ou ts ide preview pho to -ce l l 
pho to -ce l l f o r servo- t rack ing 
rad ius of curvature of segment of the pa t te rn 
d is tance from an end po in t of a pa t te rn 
to the detec tor 
t r ack ing t ime , or T shaped par t of a pa t te rn 
t r ack ing speed of o p t i c a l de tec to r , or angle 
wai t 
s t r a i g h t l i n e segment of a pa t te rn 
s t r a i g h t l i n e segment of a pa t te rn 
arc or curved l i n e segment of a pa t te rn 
arc or curved l i n e segment of a pa t t e rn 
i n t e r s e c t i o n 
angle 

i . : measurement of pulses i n t e r v a l s 

Tracking t ime independent of 
s i zg and deformation 

I t is assumed tha t the l i n e t rack ing speed V 
of a o p t i c a l de tec to r is a decreasing func t i on of 
the r e l a t i v e d i f f i c u l t y i n f o l l ow ing the l i n e . For 
ins tance , the curvature is a measure of the d i f f i 
c u l t y in l i n e t r a c k i n g . This can be expressed 
mathemat ical ly as . 

(1) 

where 
V ■ t r ack ing speed of the o p t i c a l detector 
R « rad ius of curvature of segment of 

the pa t t e rn 
K l » K2 * constans 

The r e l a t i o n between V and R is shown in F i g . l . 
From t h i s r e l a t i o n the f o l l ow ing important 
c h a r a c t e r i s t i c s are ob ta ined. 

1) The t r ack i ng speed decreases w i th the radius of 
cu rva tu re . This means tha t the t rack ing times 
are near ly the same whether the arc is small or 
la rge as long as it has the same center of 
curvature and an equal subtended angle. 
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2) For la rge R, V is approximately constant . For 
s t r a i g h t l i n e s , the t r ack i ng t imes are n e g l i g i 
b l y s n a i l . There fore , i t can be seen tha t the 
length of a s t r a i g h t l i n e segment has no e f f e c t 
on the t o t a l t r ack ing t ime f o r a p a t t e r n . 

3) The o p t i c a l de tec to r stops momentari ly at a 
corner , t ha t i s , l i m V ■ 0. 

From cond i t ions 1) and 2) the f o l l ow ing 
performance c h a r a c t e r i s t i c s are obta ined. 

The t r ack ing t ime of the detec tor scarcely 
d i f f e r s f o r pa t te rns o f var ious s i zes . 

I f we p l o t , f o r ins tance, the r e l a t i o n o f S 
to R f o r the numerals 2 and A (where S is the 
d is tance from an end po in t of the pa t te rn to the 
d e t e c t o r ) , we get F ig .2 (a) and ( b ) . We can see 
tha t curve (a) and curve (b) are not the same. 
Then i f we t ransform t h i s S-R r e l a t i o n using 
Equation ( 1 ) , we get S-V r e l a t i o n s such as F ig .2 
(a1 ) and ( b t ) . Again i f we t ransform the S-V to 
T-V r e l a t i o n s using 

dS 
dT « (2) 

V 
where T=t rack ing t ime 
we ob ta in F ig .2 (a " ) and ( b " ) . 

Now, we can see tha t curve (an) is almost the 
same as curve (b":) . Table I gives examples of the 
T-V r e l a t i o n s f o r the numerals 0 to 9. 

Thus, we have found a pa t t e rn recogn i t i on 
method independent of s ize and s l i g h t deformat ion. 

Since the method is based on a detec tor servo-
t rack ing system, i t has no f i x e d coordinates about 
the ob jec t . Therefore , i t i s a lso independent o f 
r o t a t i o n and t r a n s l a t i o n o f the p a t t e r n . 

To mechanize t h i s saccadic movement of the 
de tec to r , a preview method w i l l now be proposed. 

Preview a lgor i thm 

Table II shows sequences composed of s t r a i g h t 
l i n e s , curved l i n e s , i n t e r s e c t i o n s , and "T 's " f o r 
the numerals 0 to 9. Consider the o p t i c a l de
t e c t o r , shown in F i g . 3 , which has two pho to - ce l l s 
Ppi and PpQ f o r the preview ac t ion and one or more 
pho to - ce l l s P s f o r the convent ional se rvo - t r ack ing . 
The i ns ide preview pho to -ce l l Ppi and the outs ide 
preview pho to - ce l l Ppo r o t a t e at a su i t ab l e speed. 
As the de tec tor t racks a p a t t e r n , Ppi and Po 
generate a c y c l i c pulse sequence such as shown in 
F i g . 4 . The pulse generated from P p i is denoted 
as I, and pulse from Ppo, as 0. Table I I I shows 
some t y p i c a l examples of the 1-0 pulse sequence. 
For the pa t te rns of the numerals 0 to 9 which we 
are tak ing as examples in t h i s paper, the i-0 
sequences shown by the t r e e a lgor i thm in F ig .5 are 
s u f f i c i e n t to d i s t i n g u i s h between the s t r a i g h t 
l i n e , curve, i n t e r s e c t i o n , " T " , and end p o i n t . 
Th is d i s c r i m i n a t i o n is performed eas i l y by an 
e l e c t r o n i c c i r c u i t or by a computer. 

The output s igna ls from the d i s c r i m i n a t i o n 
c i r c u i t are fed to the detector-servo-system to 

con t ro l i t s t r ack ing speed according to whether 
the pa t te rn i s a s t r a i g h t l i n e , curve , i n t e r sec 
t i o n , e t c . Thus, the o p t i c a l de tec tor t racks a t a 
v e l o c i t y appropr ia te to the rad ius o f curvature o f 
the segments o f the p a t t e r n . This is analogous to 
d r i v i n g a car at h igh speed on a s t r a i g h t road , at 
medium speed on a curved one, and at slow speed or 
w i t h a momentary stop at a corner . 

F ig .6 is a block diagram f o r the preview 
con t ro l l ed t r ack ing servo-system. 

Dynamic and coord ina te - f ree pa t t e rn recogn i t i on 

Pat tern r e c o g n i t i o n , the u l t i m a t e g o a l , i s 
done by descr iminat ing between sequences of 
s t r a i g h t l i n e s , a rcs , i n t e r s e c t i o n s , and , , T , s " as 
shown in Table I I . This is performed a lso by an 
e lec t ron i c l og i c c i r c u i t or by a computer. 

The method proposed is based on a de tec to r -
servo, p a t t e r n - t r a c k i n g system. D i f f e r e n t from 
convent ional scanning methods, t h i s dynamic system 
needs no f i x e d coordinates f o r r e c o g n i t i o n , and so 
i t i s independent o f r o t a t i o n and t r a n s l a t i o n o f 
pa t t e rns . Moreover the recogn i t i on method is based 
upon the sequent ia l combination of u n i t p a t t e r n s . 
Furthermore, the use of cond i t ions 1) and 2) 
mentioned above very e f f e c t i v e l y equal izes the 
t r ack ing t ime , and removes the r e s t r i c t i o n s on 
pa t t e rn s ize and s l i g h t deformat ion. 

Conclusions 

The saccadic movement of the detec tor has a 
number of advantages. Besides being qu i t e s imple, 
i t i s independent o f the l o c a t i o n , r o t a t i o n , s i z e , 
or s l i g h t deformation of the p a t t e r n . Here we 
described a preview method using two pho toce l l s . 
There are other methods ava i l ab le f o r the preview 
a c t i o n . For example, l i n e a r or quadrat ic p r e d i c t i o n 
methods having learn ing a b i l i t i e s are poss ib le . 
The er ro rs of the t r ack ing servo-system can be 
used as a measure of the r e l a t i v e d i f f i c u l t y of 
the t r a c k i n g . Though these d e t a i l e d subjects are 
i n t e r e s t i n g and impor tant , the p r i n c i p a l po in t o f 
t h e i r paper is to in t roduce the saccadic motion 
t rack ing method of pa t te rn recogn i t i on which over
comes the l i m i t a t i o n s of f i x e d coord inates . 

The authors be l ieve tha t the method presented 
here could be e f f e c t i v e f o r eyes o f robots i f 
combined w i t h m u l t i - l a y e r e d devices having v a r i a b l e 
th resho lds2) . 
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