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Abstract:

‘An sfficient and raliable algorithm to r=cogoizs  handwrits
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zsted polints, nuanber of endpeints, numdar
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of'ﬁorkpoints, numiper of crosspoinks number of breakpoints, numbéz
of -subpieces, thne curvature of each subpiece, the crientation aua-
the length of =ach subpiece, ths propertizs of the starktiag point
and .th; ending point of each'subpieée; These features arz2 used Lo
classify numerzls. A learning table i3 Suilt in tné racognition 9504
cess t0 racognize special'w%itings of numsrals. An 2xpSriment 1s
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T.V. Camera lnput - —
Picture

Thresholding
Thinnj;g |

Structural F=atur=

‘Extracticn

Decision Learning and
Making - < Dictionary

.The Identified
Numeral
1.1 Block diagram of thns racognition pProcess .
pictura has besn taksn, tns first thing is to couvert
ary 1imagz Dy rhrasneciding. we use a ncnnaramnatriv and
nethnd of zutomabic threshold selecitinn for  pictuza

{91.

conveniance of taxking features frpm  $he Dbloazy  laajs

tha noise &ffacits a thinuning process, developed by Huang
is used to convert the pinzry imags into sxeleton fors
~f the whole skelston is carries ouT.
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Fig. 2.1 (a) Extended chain code. (b) An example
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Fig. 2.1 (b) the direction from A to B has chain cods 24 a
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modified 24 directions length 2) for the resolution of 128x128 in
the numeral picture. The structuxal features are :

(l)‘Interestea npoints: -
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We classify the interested points into four catagorie
ooint, forkpoint. , crosspoint, and breakpoint, and calculats ths
following numbsars :

a. Number of end voints{endpoint}.

. Mumber of junctions of 3 branches(forkpoint).

c. Numbsy of fdunchtions of & bhranches (crosspoint).
d. Humber of breskpoints, each breakpoint corresponding to a

o
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artition nuansral in
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Use interested soints mentioned above to

isces. The starting point and the eading point of =sach subplece

‘ars  found and thair corresponding .catagorias are recordad. Tns

orientation and the length of each subpiece ars also racorded, and

' sngth is normalized after kracing the whole numeral. The orin-
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h subpiece has a curvature. A curve <xyunning. clockwise 1
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assigned a positive value, otharwise a nsgativse value. #Wa divid

e a
circle into 24 grades. For example, a-shape like alohabst " T " has

a curvaturs bhetwesen =22 and ~-13. §

vature that alwavs decreases and tnen increasss. Similarly the sge-
- £ -

cial shape " 2;“ has a curvaturs that incre=ases and then decresasas.
We assign these two special shapes with special codes " 97 " ané *
99 ", respectively. If a subspieca is a clrcle or part of a circle
and is the last tracad on2; then it has. a curvature cods " 93 7,

‘cosspoints along “tha direction left to right, up to-down; -this we.

gat an ordered segu=ace of =endpoints, forkpoinits, <crosspoints.
Sscondly we choose  an endpoint {left to right, up tc down) B e to!

starting point in the tracing procsss. If there is ne 2ndpoln
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we take a forkpeint. IE there is no_fcrkpoint left , w2 take a
crosspoint as the starting point.

‘During tracing, we keep calculating the sum of the total chain
cocde diffa:ences éf subpiece and its leangth, until aKbteakpoint, ot
endooint , or forkpoint, or crosspoint is met. This coint 1s tas
ending point of this subpiecs. Aftsr fianishing the tracing, w; zs3-

sign thne sum £o be the curvature of this subpiace and we racocd Tas

e build a dictionary whioh contains ssveral nuaanzral's I2atdras
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. numbar of endpoints , number of forkpoints, number. of crossoocincs,

numbar of Dbreakooints (including positive or negativa), order ol

“interested points, number of subpieces s --eurvatures of subpieces

r bound and lower bound )} catagories of the starting point acd
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the ending point of each subpiece, and the upper bounds and tae
lower bounds of the leangth and the range of orientation of eacn sub-

an input numeral has the same feature values built in &tne
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, it has an exact match. If there i3 no exact matcih, then

we print out non-match message.
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to match t© aumber of endpoints-, forkpoints,  crosspoints, braas-

“points, and subpieces with: the data in the -dicticnary exactly. Tas

sacond stage is to match the order of interestad points, the sign of
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catagories of the starting point and ending point, the range ol cur-

"vature, the range of orientation, the rang of-length. These may not

1,

be required to nave matched exactly. These depend on the data in

the dictionary. Gensrally we'll meet one proilem of skelton distotr-

ticn. Thee proposad method hers to solve this problem is to add ths
sp=cial feature of thz tfouble,tricky writing to tha dictionary as a
lzarning process which is sfficient and necesséry in mwmeost récogni—
tion processes. - -
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numeral ars :

crosspoint ¢ 1
breakpoint : 2
subpisce @ 5 , labesiled as A, B, C, D; E

curvatur=s

orientation : A is in sector 2
B is in szctor 4
C is in sector 4
D 1s in sector 1
E is in s=zctor 8
langth : 21l under 35 %
A @ start with =ndooint and end with cros

with and a2and with cro

i

endnoint

with grossooiat

)

with

300ink.

sooint,

A,8,C,D are equal to @ and E is. equal to 93

and end with breaaikneiatb,




F : start witn breakooint. and end with crosspoint.
The data in the dictionary axe ! -

(1) points
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(b} - points order are : 1. don't care. 2.don't care.
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(2} subcieces

{a) <on

|-
.
n
T
il
Y
%3

with endgoint and end with crosspeint,
curvature: batween -3 and +3.
orientation: between 2 and 3.
length: between 45% and 9%.

2. start with endpoint and end with crosspoint.
curvature: bestwaen -3 and 3.
orientation: between 4 and 5.
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length: betwesen 4 .

3. start with crosspoint and end with breaxpolat.

‘curvature: bhotwzen -3 and 3.
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fies

. start with breoakpoint and end withn breakpoint ta2

starting soint and the ending poin:t are dilfaraent



curvature: betwoen -3 and 3.

orisentation:

don't

Cars.

“length: between 4¢% and 9%,

5. start with breakpoint and end with crosspoint.
curvatura: hetween S8 and 93.
orientation: don't care.
length: between 48% and 9%.
S;'Expetiment
An.eﬂperiment for tha recognition of 449 written numerals wiih
many tricky writings has been carried out. The first 29¥ writings
ar= usead for learning to construct the dictiqnary, and the last 230
writings are used 'fo;nrecognition. T he inp&t devices is Hamamatsu
T,V. camsra and thes pictures are stbted in PDP 11/78 svstem. The
overall failurs rate is about 3%. Some typical experimental resulis.
are shown in Fig. 5.1 , 5.2 and 5.3.
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Fig. 5.1: (a) The source numeral.

(b) The numeral after thinning.



(a)

Fig. 5.2 (a) The source numeral.

- (b)

{b). The numeral after thinning.

(a)

Fig. 5.3 {(a) The source numeral.

(b) The numeral after thinning.
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“in the pattern class is very aigh, the ordexr  must

5. Discussion .- SRR

Soma special_struétural pnroperties of numerals are not imple-
mentaed here. There are (1) the detail study of -the curvaturs of
each subpisce. (2) relative positien of endpoints, £forxpoints,
crosspoints, bteak?oints. There are some particular features noc
mentioned here; howaver they mav not be sasily implementad.

Here in our dictionary, the order of subpleces of some nunsral
must be cared and some are not. The casse of care or 0ot care

depands on the class of patterns to be racognized. -If the variation

which increase computing time -and. the size of the dictionagy. Toe

dictionary'is easy to ucdate; it can not only ba used .for matching-
handwritten numerals but also may aid for matching some special
shape patterns. In fact, the dictionary is- the kernel for =simplify-

ing the racognitiou process.
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