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( I I A I t A ( ’ t- : lt RE( ’ i I( N1 I i i  IN  \ l . G O R I l ’ l t \ i h

*h I l tS - I t 1. Shi I l Z I I a I ’ l
I~i i t )(  i’t ‘F. I1:i I ’ l l’ k

l{, ’ — e a r -h Lat, , ,rat ,’ry of Electr o n ic ~
N t i s  -a chu’o ’t t s  Institute of Technology

I ar nb r id ge , M a s -.;,, ’lIiiS(’t ts 021 ft

A ils l I(,\ & F  ,‘ t i a t ’ a i ’ t ’ r~~. h T i W e V I ’ I ,  OCI - l I r in it i n f in i t e  V I I I  “ l v  , i i i r l
are t he refo re  not , ‘ a i — i l v  i - I ’ - I , U i I l , I ’ t  by m a c h i ne . I to r i

J l l , - — — e r  , ‘t  a l .  1’ 1 r i n d  S h l l l n i a t r  i t  i i . ~J have are ~t j f f , r , n t  a f t I r l I r l - I l  ‘ — i , ’  n i i ~~h t  t a k e  w hen  f i r st
d a t h~ I i \  i i ~~I t , ’ , - h r i i i u,’s t ’ ’ i  ( l ( ’ S i g i I i i l g  i~p t i —  ac i d w i t h  I to  ~~— i l I ’  i , f  d e s i g n i n g  an (IC R u i g o r - I t t i n

,-: i t  chri i l  r’’ ’C I i~~~~? ru i g~~i - i l h n i s  u s l i g p s v c t o~ — or e x am p l e , i , t u ’  m i g h t  f o c u s  , r r  t I f l ’  n i r u ~~ , r i t V  Of A I i i
l v i i  at t i r t - ! 1 i ’ d l ’gv , 1 1 i. i~~- v r  us  p u b l i c a t i o n s  have a given da ta  set and  a t t e m p t  to d e sc r i l ~’ t hem in a f r -

foc i i  — i ’ d  on ii ,‘ I I I I r t I i gv I ISI ’( I  i l l  det er m i n e  l ’hySi— n,;ul way.  This approach is p r o b l e m : l t i ( r  in that the
c i i  t .  I III n i r a l I tuk ’s  I 1 l } t - ~) iv li r , - r i s the p r es en t  desc r ip t ions  a r r iv e d  at t , , i -  t w o  d i f f e r - , - n t  , t t , ’r s  n i ;u v

d~’ s, ’i j t , s  the l r : r p I l u l l  p i i ’ I i n u i n ; i r y  s t , - 1 , -  t ha t  III the i n d  he i d e n t i c a l  ( fo r  u - s a n i p le , a l l  A’ s migh t  he
lb  _ v h I ’ g i c a i  xp r i n l . ’ n i t - - t h i s. s t I l l .  d e s c r i b e d  as h a v i n g  a c losure  at the to 1) and tw o r h —

I i  t l n  d I l l - of 1 : u i p r l p r I a t e  i i ’ t t i r p a i r  b r  ~c,’nd ing  legs , a d e sc r i p t i o n  tha t  also app l i e s  to a l l

~t r b v , t h e  r~~~ a t i  01 f a l l v p t h i ’ l . I s  r e g a r d i n g  r , l u ’ v ; u n i t  R’ S I .  These cases m u s t  then h d i s amb igua t ed  th rough
- ‘ . ‘ ( 3 1  — t l t r d I ) l . h  t b .  J c t t u - r - — of the pa i r , ar id  modi f ica t ion  of f ea tu re  weigh t s  or by i n t r od u ctio n of

I l l .  de — i c c  l ~ t i n  i b  I tb .  ~ i i I ~~ i - ’ , u u n t  p sychop h y s i ca l  a d d i t i o n a l  f e a t l l r l -.. Ra ther  than save t h i -  st ep for
~

; .  r u , ’ I I - t~! , -  - 1 . 1 -  ar ’ de sc r ibe d in the con tex t  last , ou r app r oach has bee n to foc u s di r ec t l y on these
It t he  pr I l i  ii f 1. ’ — i g n i n g  ar a l g o r i t h m  for  recog— problem cases  r a t h er  than  on typ ical l e t t e r  shapes .

I / l u g . , r . l p r l i r i ’ I t  i ’~ f r o n .  h a n d p r in t e d  Z ’ s ,  Onc e the d i f f i c u l t  case.~ are ana l y zed , the r em a i n i n g
ca~~es are expec t e d  to he st r a i g h t f o r w a r d  I i . g. , the re
is l i t t l e  p rob lem in dev i s ing  a s imp le al gor i th m for

1. 1NT l~ l) i ’ (.’Tl( ‘N d i - r i n g u i s h i n g  Ni ’ s f ro m ‘F’ s) ,  Previous publ i ca t ions
3 ha ve de ta i l ed  the psychop h y s i c a l  t , ’ r h n i 1ues e m —

I i  l a ’ i c ’, i i  a f h a v i n g  a m a c h i n e i - i c —  p lov ed  for  s t u dy i n g  the problem cri si s such as V ’ s and
t’! I7~ ’ fl r ’ I r , i l ’ d  ch r i , a - i - ’. h u  he r — ‘ - r u  -r i -- l v  d i  — c u ~~— Y’ s, U’ s a n d V ~ , et c. ‘I’he approach has r e c e n t l y  led

- ‘  3 f o r  ver 40 vi I I  s , ‘ i i ’  u t t l r i a i .  m a c t i l t ’ -  tha t  w o u l d  to a -,u , ’c , ’ s s f i i l  l o w — e r r o r — r a t e  compu te r  a lgor i thm
i i i ’  ‘ r r c on s f l  i t ’ - t hr i n d p r i n t l ’d  ch a r a ct e l l  a t  f or the recogni t ion  of u n c o n s t r a i n e d  hand p r i n t e d  U ’ s

‘ - I  ror r i ’  - c u .  ~~ r n i , -  t o b l O t  Iii  p. r t r n  u n I ’ l ’  has vet  f r o m  V s , whi ch a r e am ong the m os t d i f f i c u lt  cha r ac -
i ,  P. t , ’ c l~ . l b .  ‘ ~~. ‘ r l , - i c ’’ ui t h u  1 : 1 s t  h a s  — b o a - r i  us t , ’r~ t o r  both h um a n s  and ma ch in e s  to iden t i f y cor —
t h r , ’ ( f l t u ’ : t  I l t a r ; , c i & - r  R c c o g n i i n  (Ot R i  o— indeed a r i ’ c t l v  ~l.
b ’ t i ~~u l t p r o t - t i  i r , : l i i ’  — i l g I ’ s  u . c u - I u t ’ r i n g  i i  1 . - i - n  the

i n — ,  ‘ion f a h ifl i ii ’ a r i d  the I- -c  I g n I t l i n of the l~’ t —  I I I ,  I N S E A R CH  01-’ l ’IT YS I CAL TO
¶ 1 - : !  ~t o c i i t  I I . ’ i r i v ’ I V , ’  u i u n : p lex a~~p u ’c t s  of n i ’ - i ” U N (  ‘I II N A !.  l tU l . E S

C 1 : , i i ’ S , f . ; l r i -  ~~, - i i - ,  t r on i c s  nd p s y c hop h y s i cs.  Each
~~ ‘ I ’ ’ ~i : u l .  i t s  :i’~s o r - r  i i i  p r o b l e m s  a l ong  w i t h  c o n —  The l ’ l - ’ l(

r I r e d  ~~~I ’ ~ i i  cs that  t o  a f fec t  the des ign and per —

S r i : ;,cl .- t l a t e r st ag es.  F r  .- x a n i p l e .  if f ixed  A I hy s i c a l  to Func t i ona l  Ru le  ( P1- Ri i s  a m a p p i n g
t h r ’ h o l d —  r i c e  , .-t  f o r  ch a r a c t e r  b i n a r i z a t i o n ,  then f rom the p h y s i c a l  d o m a i n ,  whi ch is the g raph ica l
v ar  r u t  O n  - i i  c l i t  l f l~ t i . u I :k t I e — s  or photodetector  so n— image of a cha rac ter ,  to the f u n c t i o n a l  domain from
si v i ’s ’  -, v i l !  ‘ l i - g r i t , -  n r . c h i n i e  pe r formance  in d ( ’p € ’n— which the charac te r ’ s label e a r l  be deter mined .  The

I V  ‘t t b . -’ p h i  - t i c  :10, 11 of the subsequen t  recogn i— onl y P l”R that  has li . ’en thoroughly  examined , va i l—
t i  . s t , ~~~, -  I l - t u t u  i i ’ - - ’ tha t  there  mus t  he some dated, and reported is for the a t t r i bu te  L E G  which

of I nte r a c t I o n  be tween various stages in order d i st in gu i shes  between the le t ters  of the pairs (ca l led
tI  ‘ l i l t  I i ’ p er f or n ..nce confus ion  pairs )  shown in l” ig. 1 -

i t i l i  we n ’- ’  t h a t  th e re  ir e  many stages in the
OCR pr o c . ss , and that coup ling m u st  eventua l ly  he

,‘nt ti ,’t ’A ’ ,’ ,-n the var ious  stages in order to cipt l —

r t l i z . ’  o v e r a l l  machin e  performanc e . We have , how-
eve r, t ’,, u ’.e ’t  our effo rts  pr imar i ly  on the design and
o p t i n t - i a t i o n l  i f  the r ecognition algorithms with the
. - 5

~
s- ,  t r i t i f II that  r i ,  u n d e r s t a n d i n g  of the i s s ue s  involved Fig .  1 Charac ter s  d i s t ingu i shed  by the a t t r ibu te  I EG.

in t h i  - t i r c i l  ‘, t ; i~~i ’ of the ( S i t process wi l l  y ield i n si ght
i t t , ,  the . 1s c i t ’ i c r , tj on  and design of the preceding
- tag .”- . In a neu t ra l  context ,  the I ’FR for LEG is given by:

Ii. DIF ’Fl ( ’UL T CASES l’ resent

If each let t er  and n u m e r a l  occurred in only a few li’unctj onal LEG: 1 0 . 17
h a - I l  -d i ’f i ne ’I n t u a p ~’s , then machine  recognition of these I .  <

c h i t  ‘1 t e l ’S  w , , , i I l  h~ t r i v i a l .  Unconstrained hand pr ln t ed  N ot p resen t

a - wh er e I = length of phys ica l  leg, and I - = length of
K. .J~ 5, I a I ~o a n I’ol be r of the l~~part ment of Elec — 1
‘ r u r a l  l’ r g i , ie . ’ r i ng ,  Tufts  Universi ty,  Medford , M ass . l ine of which the leg is a part. This rule I ndicates
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t~ , , i l  i f  t i , ~ h r - t I .  ( 1  It o -  pi~~- s i  a i  h g  i s  gi’ i ’~u t i - r -  t han  A lt h . r l g l  t he s e  fr r t , : s  m a y  l u a v i ’  a l l  ‘-~-ok-, ’d f i nn ru ’
7 1 t h e  l , - r i j ’ t i  i f  h i .  st t ’ i . ,  of wh ich  i t  i s  a part , a r r l i - t ’ .’ i ’ , n i - -.-e ra l  fi i ’ ru i s  n ’~~ I c c - u n- w i t h  suff ~~- i i - n t

u , ii t i ,  r a r a,  1 . - c ,  w, i i t i j u l 51 l i k i - l y  h i -  labeled as N’, f requ i -ncv  ti be consi I . -r ed  r i r r i i e typa l  [ i ~ 
I n h i s -,’ i - r ’ ,-

i- ’ , l’ , I I  l u  : A .  thorough s tud y of nunu - r a l s , W r i g h t l’c~ sui c ests that
Ut e nuniera  I 2 can be s tu d i  i d  l i v  - i i  i r m e n t i  u t ’  it  i n t o

‘l’ti ’ i i  m a i n  i - i - f t h i s  j a j  i - i ’  i I i ’s , ’ n i h i i ’ s  tb .  I nip ot’ — fo ur regii  os: t h c i -  t urn , t iz i ~~i ‘ , st n i  and ‘ a l . l- ,a i  I - I
r i  h l r n i f l a r \ ’  s l i p s  f l ,~t j r - c e d e  t h u  1 5 , 1  I i  phy s i c a l  these s i - g r r i , - n t s  can occu r  in a ‘- ar i . ’t \  of f o rms  Sun —

.‘\pi t i n ) ’  ‘it s ‘ o t id i ~ c t i ’ i  I ’  k ’ t i ’ r u : i i u i i -  I ’ l- ’ l i s su ch as the n’ia riz i ’ ’I  i k - s c r i p t i  - i -h  in 1- ig .  2 , amh  examined  i n t h e
‘ i i -  w i  h ave g c eo. [h i - s i -  steps an -: ch c ios ing  an f o l l o w i n g  text.

o j ’ t l j  r i a t i  l e t t n - r — p a i r  for s tudy , f r r ’ l i n g  an i n i t i a l
f l v ) I i  i s i s  ci i ’ar t ing  r i I ’  ‘-ant at t i ’ i I i i t i - ~ that  d i s t i n —  a. i to  turn
i c u i s t i  t i l l ’  i i t t l  I - s -i th e pair , m l  - i - s i g n i n g  t h e  st im u l i
for . a ; - -~- i - : . - r h v si l - a i  - x ) l - r i  l u - n t  I t e s t  the  hypoth e s i s  i- ’ , r  the purpos.-  (if 2 — Z  r e c ogn i ti n, the  t u r n  can

m c l i i  c i ’n, t a t  - a I ‘I IL I i  - categorized a.s looped or s imple. l b  is  ca t i ’gor i z a —
t i , ui is u s e f u l  t o o - a n s i -  a looped tu rn  is e ,dr eu.- i - i ’  i n—

(‘hou s i n g  a t ‘, - n i i ’i i s i e ’i P air  f requent  in handpr intc ’d samples  of the let te r  ?. and
- ‘ — l u - s  not oc cur n ear the 2 — Z  in t er lu - t t c’r l~ ,undarv , and

‘ I i , - f r  r s i  st c~ in  t hu s i - ar ch  f i r  a 1 ‘I- It is t I  choose is  th r ’ i ’ i - f ,  i- i -  not help ful in def in ing the  recogni t i on
a a r  c f  c h a r act e r s  that  are often ir eas i ly  confused boundary between 2’ s and ~~~~~~~ This l i lie s  not mean
wi ’hi  ,-ach -t I  r . N s s i - r  and ‘A 1 . -ne  

~ 
s tudied t iunian that  th i s  portion of the character  would not h used in

r’ - c,’ot io n of h an c t p r i u ’ i t i - i t  c h ia ra ct u’ r i - c , and showed , for a recognit ion algori thm; on the coritrar ’,- , the presenc ’c’
‘ u : : ,  ‘ i i , t h ,u t  r r a n \  hafld pn int l ’ t 2’ s are misrecogniz eil  of a looped turn  is a strong indicat ion that  the  charac—

as i in~~1 r i oted  7.’ s. - N f b i - i  I i i -  i i  ~:u - h i t i o o d  of oci’urrenr .’ ter is a 2 in much the same way that a hor izontal
f va r ious  ci nl iu s i n l a i r s  has l i e n  i t e t e r m i n e i t , it cr o ssbar is a strong indica tor  of Z—ness;  these em—

t ire, be ni t . ’ c l  that  thc  potent ial  confusion in a number  b ei l i shments  could be searched for and uti l ized in the
of a i r s  apr - ’-a rs  t o  r e su l t  f ro m a 1- r i dn i o n  cause , and in i t i a l  stages of the ()C R decision process.
hea1-e t h e  s t u n k  if a ~ir t i cu t a r  pair  may  ~- i e l d  insight

l n111in : ifl p a r t - :; I i -  ( - x u n h l l ( - , i n lo r m a tio n  t~ The base
101 : : — y ,  d l s cr u m :n a t i o n  n r a ,  be useful in understanding
th ’  i - ’ r i fusi n pa i rs :  C — U , 5 — S , and perhaps in d i s —  Although Fig. 2 ind i cates tha t  there  n i a v  be four
c ru m u r i t i a c  script n ( ‘  ) fi’ , m  h andpr’ in t e t N I ( s) .  regions where inf o r m a t ion about the character’ s label

may ice located , t h e  base appears  not to con ta in  any
l i n t  a l  I l - - p  ‘ t i  sis  l - ’ c r n ra t i o n  m n f t , i ’ i u i a t l ~ n relevant to 2— ? ,  d iscr iminat ion.  l-’ig u r i ’  3

- - - shc,ws that the base alone does ncct determine let ter
‘A tic - n 100 1) r i  n t , -  1 , t I n -  numera l  2 I s- c u r s  in a larg - label: fi t’ any  chosen h u a s i ’ , t he  character  can be corn—

v a r . ’ - t - . of b r !: s , a -  opposed t ,  the lett c- r Z, w h i c h  p I t t e d  si, as tic  becc,rnc e i ther  a 2 or a Z. A more
has r i , - l , a ,~ u . i ’ r r u .  T h u  ru -xt  st~ -i is ti examine those

s tr ot h i , ’  near  t i l l -  2 — Z  in ter le t t er  lx iund ary in an
r u t t e l u u l t I g ait )  ins ight  into the r , ’le ’.-art  at t r ibutes .  W i -
c - an f cc- us ‘cn Is und ary ca si -s  l i v  constructing an inter—
R t i , ’ r t r a : , ’ - tc r~ from the ar c - b u , ’ t v 3 a I  shape of on- let—
t i  r t ’  i : -  cr c - I u - t v p a l  sha l l the  o ther  le t ter  of t h e

- n d ’ u -;i’ in pa I r .  A l thou , ’i - g ( ‘net - a l i v  s t rai  g h i t i  cn ’ ’ is a rd ,
i ,15 proc ess  I S  l - i , l j 1 1 1 - r l t i - d  in  t he 2 — Z  casi -  by t l u i -  fac ’t

c i t  :u i t - - ui’ : t h u  re is i i f l e  ac - l’ i ’ i t I - d  7. ar c h e t y p e , t h e r e
an - , -  a m l i i i  1’ f h . f t ’u - r i - n t  “ s t an d a z.d f , i u i s  for t i t u ’
I u a u i h~ ’ r ’ i n t i  - ‘ n u n u . - i - a  I ( S i r ’  ( -x an i i i u - , ~

‘ , 2 and ~

l~~~d 

‘~~~~‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

c r 0 - l i d  i~~~ F i g .  3. Negligible effect of t h e  base on character
Cu~ non~c t o , c i, label.

/ ‘} formal method of proving that the base does not con-
tain a F uncti ona l Attribut e is to note that it does not

i i ’  ‘ v ‘i ’ ’  ~ c sat i sfy the primary definition of this attribute which
“ “ ‘  ‘ ‘ .  - r i - qu i r e s  that it must be possible to alter a character ’ s

identity along a trajectory by varyi ng the functio na l
attribute. In this case, the test requires that an inter-
letter 2-Z trajectory exist along which onl y  the base

1,, - ,‘ ,‘ 
,
,
~ 

is varied ; since no such trajectory has been foun d, the
,,_ ,i,.’ -

~~
, , p  loo n’ 

has .- is ruled out as an informative region. For sim-
plicity,  therefore, we shall initially study characters
having flat bases and simple turns.

- .

- f r -  f r—

I l i i ~~ ‘ o a t , The three types of stems are doubly curved , sim-
C” p ly curved , and straig ht. Figure 4 shows that both 2’ s

and Z’ s can be constructed to have any of the thre e
F ig. 2 . Reg ions ‘if the character 2 . possible stems.
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)2
22 2 d 3

2 d 3 + d4 2
- d

7

2l- ’ ig. 4 . N e ’ g h i g i b h -  i - u i- u t if t he  s t e m  (10 character
l a i n - i . d 1z

Althoug h the 1.’ s w i t h  douhl~ curved or s imply
curved stems arc not v e r y  good , we se. that the stern
liv i tself  (10 .-s not determine let ter  label. It appears 2 d 3 + d 4 7t ha t t he  doubly curved stem is least Z — l i k c , whereas
t in ’  st i -a ight  s t i - r u ,  u s  :u i c s t  7 . — l u  k. . Because ther e i s
more than one archetvpa l 2 shap e , the fact that a dou- d 4
bly cur ved st em is least Z - i i k e  does not necessar i ly
mean tha t  i t  i s  most 2 — 1  ik i - ;  in fact , a l l  th ree  t v i u - s  of
s tems ciccur  with roughly the same frequency in hand- d 2pr in t i -d  samp les of the numeral  2 [ 7j .

2 d 3~~~~~~~~~~~~~~~)Z Z Z Z 2 2 d + d  2
—.-

Z 2 Z 2 2 
~~~~~~~~~~d 4

d 2 .

Fig .  5. F:ffec ts 1’ i ncreas in g  double curvature along
i l and single curvature along d 2 

l- ’ig. l~~ Representat ion of t h e  2-Z space aiding fou r
di niensi, u -us.

Figure 5 shows two trajectories along which the
stem is varied; along dimension d 1 the stem becomes start of the stroke (in the upper lelt  of the  character)
increas ingly  simply curved. The po stulated decrease and the region of curvature in the upper right corner.
mci go, , tni-ss ¶~ 

along both trajector ies is h ypothesized 1- igure 6 shows variations along both these dimensions ,
t cn be due to two independent factors; the major de- d 3 and d4, respect ively;  alt h oug h the stem apparently
crease is due simpl y to the degradation of the charac- has some effect on letter label , t he effect along either
ter (movement away from the central portion of the Z d 1 ~~ d2 is thought (and is p ictured) to lie small  corn-
space) and only a small portion Is due to the i nfluence
of the numeral 2 (movement toward the 2 space). This pared to the effects along d 3 arid d4 ; thus  indicates
effect Is il lustrated in Fig . 6 which shows both tra- that the major chang e in identity is due t i change-s in
jector ies of Fig. 5 rep lotted on the 2-Z space. Along the head of the character. F’igure I also contains a
either of these two trajectories , the characters clear- trajectory directly from the central portion of the 7.
l y become much less Z - l lke and slightly more 2-like; space to the 2 space along d 3 + d4.
this is illustrated by the movement away fro m the cen-
ter of the Z space and only slowly toward the 2 space.

Th e hypothesized 2-Z space shown in I- ’ ig . 6 m di-
d, The head cates the complexity of the 2 — Z problem which is

brought abo ut , in large part , by the presenc e if mul-
For the purp ose of 2-Z discrim inat ion, the five tip le archetypal shapes of the num eral 2 . It appears

heads described by Wright can be categorized as that there are at least four ph ysical dimens ions that
either marked (contain ing loops or spurs ) or simple. are involved in Z-Z discrim ination , One can traverse
As in the case of the looped turn , the presence of a an interletter trajectory from an archetyp a l Z to an
marked head is infrequen t in the letter Z and could archetypa l 2 via d 1 ÷ d 3 + d4, or d 2 + d 3 4 d4, or via
thus be used as an init ial test for character label. d 3 + d4. Since the last trajectory is involved in each
l- ’ocusing ru n simple heads , it can be noted that there
are two regions that contr ibute to the perceived curva- of the other two and since its effect is thought t ,l  be
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ture , or roundness , of the head: the curvature at the major , it seems appropriat e to Invest igate ini t ial l y
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b t i ,-~c - i i i t , s  d and d4 . I V . I)ISCUSSJ ( iN

~n u t  l u —  1k- - i~ n u 1 - i g u re  ~ in d i e a t . ’ s  t h at  both p h y s i c a l  va r i ab l e s
— ch , i su ’ n do i n f l u e n c e  l a b s - I  ho g;  d l  c a n n u o l  v i i  hi ’ d e t e r —

- ‘ - - - mined , t u , c w . - v en ’ , w h e t h er  t h u - i , -  r u n - i -  t a - i ,  fu , , - t u i t r I
Ba -ced on the f o re g o i n g  ana lys  ii— , the 2 s i n i t i a l l y att r ibu te s  i n v r i l v e t l , . ‘r u -h  , i f  wh i ch  i ke  — on a i t  — a rgu  —

ni t c  r t i i d y h i y  i s imp le  he-ad ’, st r  a i g h t  -h ms m e n u t  one of the p h i ’. ii  i t  v ’ i r i ab l i  01 who ther  tht  r
n c ,  f l ; u t  ha so ’s.  t h e  p h ys i c a l  var i a b l es  invo lved  in the is one f u n c t i o n a l  a t t r i b u t e  which  t : ,ke-  on both van-

t i  tic ted t r ’i i ector ie  S were chosen to a f fect  the pe i ab l e- s  as argumen t s  II doe ap pear th ’n t the cu”v ’itur e
c , ’iv .’d cu r v a t u r e  of the head of the c h a r a c te r . Each i n the r i g h t - h a n d  c i , rn e -r  of the ’ head t i n s  somewhat
c h a i  t .  r h i - . t a o  curve d and three  st r a ig h t  segment ’S gre ‘iter impor t anc e  I ig 1 ‘,h i i a  th i t  if th .  i i  i s  an

~h o an  in I’ ig .  ‘ - angula r  bend in the r i g h t  corner , th i n sc am o u n t  of
cu r v a t u r e  i t  the ’ s t a r t  of the  stroke and i i  a m o u n t  of

~ W/2— 2 - n e - s ~ in the ste rn or base of the c h a r a c t e r  w i l l  be
suf f ic ien t  to force the c har a c t e r  to be a 2 . Note tha t

- -v~
-::’ ~~

!- ‘ 

z ii 2~F’i g. 9. DomInant e f fec t  of an angu l a r  bend in the top
r igh t  corner .

even the addit ion of a s t rong 2 ind ica to r ,  a looped t u r n ,
is  not su f f i c i en t  to cr , ’8t e a 2 if t h i -  uppe r corner i s
ang u l a r .  S tudy ing  the t r a j e c t o r i e s  in F ig .  8 it appears
that  the issue of segmenta t ion  (8 may  be involved; if

6 the head of the charac te r  is composed of one f u n c t i o n a l
-w se gment,  then the charac te r  is a 2 whereas  if i t  is

crumpo sed of two func t i ona l  segments , the n it is a Z .
It m iv be that the l ’FR d e t e r m i n i n g  the numbe r of

I t~ ’ 7 . ( c ’ n , - t r u c - t i , c n c  ct ’ th e ’ - . t i m u l i ,  f u n c t i o n a l  segments  w i l l  take on a-.  i t ’  a rguments  both
the curvature ab t he st ar t  of the stroke and the curva-
t ure ’ in the ’ upper r igh t  d u l l e r .

1 1 , l w ,  cu rved  se -gnn ’n is  j r . -  arcs t angen t  at
p a i r - n -  2 . 4 . -o h S t o .  th e  coi l - c .çc i ’r c d i n g  st ra igh t  se ’g— ‘I’he working hyp otheses deve lope ch in this pape r
m e n u r  - - l l o r i i . i t tu u l r i l i g n n u e - t i t  i~ i r , a i n t a in e ’d between are listed below:
1, , .i r ,t s  I and (, and between points  -l and 7 such tha t
t i ’  i n t o . -  c h a r i u c t . - ,  t t i s t  f i t s  in a rectangle  of cons tan t  ( I t  2— Z d i sc r in i ina t ion  is complicated by the
h e i g h t  and w i d t h  The two phys ica l  variables , U , the’ presence of m u l t i p le arch e ’tvp e s of the numer-
(Ii - t  cc ‘ ‘ I point 1 i~~’ l u ,e the-  top, and Hi , the radius  al 2 ,

ii the  - c c u , n d i n , , j r . -  var ied whi le  point 2 is kept ( 2 )  There are a nunibe r of fea tures  involved in
c.’r t . - r cd he~nj z c c n t a h l y  2 -7 .  d i scrIminat ion;  in decreasing order of

impor tance  they are : (a) the curvature  in the
Fi r given value ’s of I) , HZ i s  found n , c o n s t r u c t  an uppe r r i gh t -hand  corner  of the head , (bI the

arc fr  a , - h a u n t  I t i  J i i i i r t  2 .  I - u ,r givo ’nt va lues  of RI , curva tu re  at the start  of the stroke, and
poi nt 5 i~ f n i u n i d  ti s~i t i s f y  tangency arid c -on s t ruc t  an arc (c i the nature of the stem , whether straight,
f rom H int  to p o in t  S FIgure 8 shows a two- simp l y curved,  or doubly curved.
d f r nen s i u ,r c a l  2 - Z  trajectory plotted on a Calconip 563 ( 3 )  The base is not an informative reg ion for 2 - Z
l i n e ’  p l o t t . - r with  a . 3 mm Mars t echn ica l  pen. Ri var ies  discr iminat ion-
h i n u . ’ r u r l y  a l ( in tg  the ’ h or i z on ta l  and I) varies linearly along (4 )  Embellishments such as a horizontal  cross-
the ’ ver t ica l ,  bar In the Z or marked head and /or a loope d

turn in the 2 are strong clues for determining
ident ity and can possibly be treated separately

- , —.,, from the features describe d in ( 2 ) .
/ /

_ / / / - 
-
~ } (5 )  Zn the absence of embel lishments, I t may be

/ / / / - / - that the character Is a 2 If the head is corn-
—- — — ‘ posed of one functional segment and a Z If it

/ - _., - ,._~~~~ I s composed of two funct ional segments. The
/ / 7 

_____7 
- ) Pl” R determining the numbe r of functional

/ - 7’ - - segments may be a function of the three tea-
I L~~~ / - / tures listed In (2 ) .

r”7 / ‘~~ , _ i “ 1 ‘
~ ) ‘ “

) 
We are now undertaking psychophysical expert-

/~_ /
/ 

/
/ - - 

/ 
- 

/
/ 

/ 
- ‘ 

/ 
- - ments to test these hypotheses .
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