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ABSTRACT:

Typed (machine printed) Chinese character recognition is
practically feasible and the recognition rate can be as high as
99,.9%Z. The first step of the récognition procedure is to use 4C
code and 4P code to partition the commonly used 5401 characters.
4C code is defined by encoding four cormner zenes of a character,
each into two levels, and 4P code is defined by encoding four
peripheral rectangular zomes,each into 32 levels according to
the number of points having some particu;ar ruins of black and
white. In this way we can obtain approximatly 4096 classes, most
containing 1 to 6 characters. Characters with similar peripheries

grouped together. Here we use Walsh transform to seperare these similar
characters in each class. The Walsh transform has 'sequency' instead of
"periodicity"” that Fourier transform has, and Walsh transform is also
easy to calculate. In our experiment, we use three groups of complex i
Chinese characrer; (Ming font), each containing 4 to 6 characters. Each
character is imaged 8§ times by changing its size, position and
thresholding value. We find rhat most Walsh coefficients are gtable
under these changes. Thus we pick up 2 to 5 coefficients that have most
seperabiliry power, and we are able to use these coefficients to

recognize each character in each gfoup. This shows Walsh transform is a

are

simple, fast and reliable method for seperating complex Chinese characters

with similar peripheries.

KEY WORDBS: Chinese Document Processing, Similar Characters,

Walsh Transform, Character Recognition.




1. INTRODUCTION

- Typed Chinese character recognition is practically feasible and
because the recognirion rate can be as high as 99.97 its technology now
has reached the stage of product deﬁelopmenr and the product will soon
appear in rhe consumer market. There are many papers discussing typed
Chinese character recognition (see {1-3]). Here we ftry to develop a
digiral document processing machine [4] with the aim to recognize rhe
Chinese documents, so that editing, compression and basic text
undersranding can be achieved. Thus in the first stage we segment a
sequence of typed Chinese characters in a document and use the
conventional 4C code and 4P code [3] to parfirion the commonly used 5401

Ming font characters. 86% of the Chinese machine printing uses Ming

font character in Taiwan. The 4C code ié defined by encoding four corner
square zones of a character, each into two levels according to the size
of black points. The 4P code is defined by encﬁéing four peripheral
rectangular zones, each into 32 levels according to the number of white
points having some particular runs of black and white. These codes are
somewhat stable under the variations due to décument segmentation and the
size change of character. By using these codes the 5401 characters will
be partitioned into 4096 groups, most containing 1 to 6 characters.

Characters having similar peripheries are grouped together.

In the second stage we try to find a way to disfinguish (or
classify) similar characrers in each partifion. A conventiomal wvay is
by pattern matching. However, it needs the normalization of character
size, which is not a simple task. Anotrher way isrby heuristiec method ¢
or A.I. approach). Although this method is the mésr reliable one butr ir
rakes too much effort to write thousands of small programs to achieve

the recognition goal. The other way is by 4D code [3] bur it 1is noise

sensitive. The final way we choose is by fwo dimensional Walsh
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rransform [5]. Walsh transform involves only 1 or -1 operatrion and thus
is a fast computation. It distinguishes from the conventional Fourier
transform in that the former has "sequency"” property and rﬁe latter has
"periodicity" property, whereés rhe sequency property is more sultable
for the analysls of the cenfrral porriprlr(?é-x ?écnf original size ) of
each Chinese character as shown in Figure 1. Please note that the
cen}ral portion of a Chinese character contains the most wvaluable
information.

In our experiment, we use three groups of complex Chinese
characters, each containing 4 to 6 characters, and most characters in
each grouﬁ have the same corner and peripheral characteristrics. Each
charactexr is imaged 8 rimes by changing its size, position and
rthresholding value. We find that most Walsh coefficients are stable
under these changes. Thus we pick up 2 to 5 coefficients that have most
seperability power, and we are able to use these coefficients to
recognize each character in each group { or partition). This shows

Walsh transform is a simple, fast and reliable method for seperaring

complex similar Chinese characters.
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Fig. 1. Peripheral and central portions of a Chinese character
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2. WALSH TRANSFORM OF CHINESE CHARACTERS

Walsh functions WAL(n,§ ),V@*fe :?Pé, are defined recursively as
follows:
1 1f V2<0<5)5,

WAL(G, 9 )=

0 otherwise,

And

b
WAL (23+4, )= (-1 T 9 tuan g, 200 + 1 )y

+‘(~1)j+q WAi(j,Z(@ ~Va )1, @=0 or 1, 3=0,1,2...,n.

And if @ is not in (%% s 3 ), then WAL(j, B )=0.

1
2
The ordering of Walsh funcrions is sequency (Walsh) ordering:
WAL(0,Q), WAL(L,0), WAL(2,0), WAL(3,8), ... .

Let the input character image be MxM matrix [yij], i=1,...M;
j=l,...M, and let the origin of the coordinate system be translated fo
the center of the image. We.exfracr rhe central portion of the input
image, which contains M/2 x M/2 (truncated to integers) submatrix
centered at the origin. The reason for extracting the cenrral portion
of the input image for use of Walsh transform is that the rest parr,
other than the central part,. of the image has been used by 4P and 4C

code In the first srage of partitioning. Let N=M/2 and when N is odd,

] :

say N=2K+l, we extract N equally spaced points from interval [il, g-

and they are

s k-l , k-2 ,...; =1L , 0,

=L kel k=2
2.
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When N is even, say N=2k, then the N equally spaced points are

- 2k-1 , _2k-3 ,..., =3 , -1 ,1 ,3 ,..., 2k=1 .
4k ftk 4k 4k 1k 4k Ak

Substituting these N points into § of WAL(n, § ) given above, we ger

sequence. of values WAL(n,i), i=0,1,2,...,N-1.

Now rename the extracted cenftral portion as [Xij], i=0,...,N—15

j=0,...,N-i, Then the two dimensional Walsh transform of [Xij} is

-

I A .
c = Nz{;’E;’;o X, ; WAL(m,1)WAL(n,j),

where Cmn is called Walsh coefficient and m=0,...,N-1; n=0,...,N-1. The

inverse transform clearly is

N-1  AN-1
Xij='z: 3. Cmn WAL(m,1)WAL(n;j).

=g m=0

Please note that since Xij and Walsh functions have values 1 or -1 rhe
calculation of Cmn can be implemented in TTL "and or" circuits so rhar
the computatrional speed can bé very fasr. Since we limir our attentrion
to complex (i.e. the number of strokes is high, say more than 10)
Chinese characters, the coefficients corresponding to low sequencies
will be discarded. Thus we 40 not compute Cﬁn, m=0,1 ,n=0,1. Also very
high sequencies are not realistic in Chinese pattern, so we frruncate
trhose Cmn's with m>7 and nxz7. Hence we finally have 7x7-2x2=45
coefficients for consideration of feature selection.

Since we in general have 2 to 6 complex similar characters for
‘classificarion (or recognition), among 45 coefficients we can select 2

to 5 coefficients that have most seperability power to classify the

‘given characters. For practical usages, the size M of inpur character

.may change and in general M is befween 30 to 120 depending on scanner




resolution (say 400 dots per inech) and the character size. Too small
character will not be considered unless the scanner can read it clearly.
Theoretically Cmn should be invariaér under the size ch;nge and small
variatjon due to scanning noises.aﬁd segﬁenrarion. Like Fourier
transform, Walsh transform has been proved to be a powerful rool in
image processing and pattern recogﬁifioﬁ {see[5] Chaptrer 8, alsc [6]).
Thus for the classification of small group of Chinese characters, Walsh

fransform can provide features with high seperability power.




3. EXPERIMENTAL RESULTS

To demonstrate the power of Walsh transform in discriminating the
complex similar Chinese characters, we choose rhree groups gf complex
Chinese characters derived from 4C and 4P codes. These three groups are

(D BE ~ 58 ~ BE ~ i~ 28 @~ B~ B~ B~ o~ B

(G~ WB ~ M s BE e
To conduct the experiment and obtain meaningful results we must consider
all possible happenings during the experimentation. From statistical
poinr of view the sample data obtrained from the experiment must be as
compiete as possible. Thus the variations due to character size change,
segmentarion (poistion change) and binary rﬁresholding are simulated in
the experiment. Each character is read eight times wirh the simulated
variations. The mean, standard deviation, maximum and minimum of 16x16
Walsh coefficients for each character are calculated. Figure 2 shows

the result of these calcularions for character ﬁﬁ

In each group, we preselect rwo characters and each one has a
staristical rable of Walsh coefficients we then compare these two tables
entry by entry but only on 45 coefficients mentioned in section 2. From
these pairwise comparisons we choose one coefficient (or feature) that

has most seperability power which depends on the maximum, minimum and

standard deviation of each character. From this selected coefficient we
choose proper threshold values and parririon the group inro two or three
subgroups; each subgroup: may or may nor overlap the other. Continuing

in this way we are able to use only two to five coefficients to seperate
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Cmar CUEFFFC[EHYS FOR CHARACTER ;{E‘;

THE * OF LBOF(M/2)} OF YIS CHaR. INM
F16 i1= §1 FIG 2» 93 FIG 3=
1 2 3 q
A4=F¥4%L FXIIAI TE=TEIrL LERXEX
HEaN 0.7405 -.018Y 0.029¢ -.0953
STANG,DEY 0.0300 0.0040 2.0141 2.0053
HAXIHUM  0.7893 -.0133 0.0437 0.008!)
KITHIHUH 0.70EY -.,0243 -.001& =-.0187
HEAN"TT 0.0J20 -.0331° =.0237 0.0035°
STANE. UEY 0.004F 0.0C42 0.0L2F 0.0080
naxinun 7.441F —-.,0274 -.92911 9-0203
HIHTHUH v.0183 —.0447.--0365 -.0038
NEAN - -.07F8 9.9253 -.0953 2.007%
STAHD. FEY 0.70F4 0.0057 £.0039 0.0034
HAX1HUN -.D0583) 90,0343 0.0099 0.90113
Hiyrun -.0930 ¢.9145 -.008E 9.0027%
nEaw -.6534 9.2020 0.0979 -.0242
STANDLEY 0.0§7C 0.9085 0.0021 0.0377
MAYLHUN  -.0747 9.0L15 0.99F8 Q.00%LF
HINTHUR ~.04%F ~=.0102 0.,0032 -.0D1¥%7
HEAN 9.034f 0.0734 -La0ns q.}{:?
SEANU-DEY 0.C13% 2.0050 6J0044 9.0943
MAXTAUN  0.955F 5.03t17 alodso 0.C222
BEREAUN o.cl:k\i;:17z LQGTT 0.0%38
HEAN g.01L? ~Teesl -.0013 -.0I%
SEAHI. DEV 0.0070 ©€.0023 0.00Y| 0-9258
HAXIHUH  9.0234 -.0924% 0.4097 -.0134
RIH1HUH 6,0024 =.0113 =.0124 S.,0729
NEAN 6.0307 =.0121 0.0227 0.0251
STANU.BEY 0.0070 0,215 0.034F 0.002!
haZ i HULL 0.2338 -.90Y% €,.03018 0.00M3
ninjiMun g.0L43 -.21%1 €.9188 0.00%1%
ME AN -.037¥ -.2075 -.0142 9.2913
STAHU,PEY 0.0121 Q.¢253 9-£0E8 0.0227
AAgIngL - ,2t27 0.0C033 -.00&1 0.025%
HUNIHUH  -.0%45 -.0134 -,04%8 -.0018
HE AN -.0512 0.0295 -.7044 0.0220
STANU.MEY 0.C344 0.004% 0.0140 9.90313
HAMNTHUN n,.9%237 8,937 0.09¢95 d.0a72
HINTHUH -, 1057 0.01F3 -,0312 -.0027
HEAN -, 0345 0.0094 5.0013 -.2057
§TAHU.DEY G.OLES .0!113 9.0124 3.0037
nHaZInual  -.01¥3 9.9737 9.0370 -.0093
HIHIHUA -.4832 -.0513 -.0093 -.0512&
MEAN ~.0804 -.9077 -.09%47 -.0ug?
STAND.UEY Q.011Q 0.0a13 0.0044 0.0022
Hazianp -.0433 72.0037 -.0013 -.¢2535
HINIHUN -,0714 -.00F%7 ~.01%Y -.0118
HEAN . 05F3 0.01U7 -.0334 0-4941
STAND.DEY Q.0244 9.0080 4.4974 2.002%
LY ML LH] -. 0044 0.9117 ~.4077 7.0952
MINTRUN -.02%§ ~-.0970 —-0;!1,—.0025
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9.0542 -.0104? ~-.9771
8.0121 9.7203%4 0.097F
¢.0897 -.0091 =-.9377
0.0412 ~.021% -.00BQ

0:01537 90533720253
n.o0sl PIATEY 0.QLIE
9.02333 0-059' ¢.0400
£.00484 0.4728 6.CO36

0.0058 92.03%50 -.0338
0.C071 0.0054 0.0CE3
9.,0135 0.0427 -.0425
-,003% 0.0243 -.0827

-.0399 ~.,24¢7 0.,01351
0.07045 0.0101 0,0042
-.0472 -.0180 2.0244
=-,0382 -.0304 0.0100

~.0106 ~-,C172 -.C0082
G.0043 0.0937 0.0028
-.89213 -.0!11 P17
-,0178 -,0224 -.0384

-.0047 =.0250 -.0CZ3
0.,0040 0.0044 0.%0E3
-.0027 -.9113 0.912%
-.0133 =-.931¢ -.0132

-

¢.023%
-.2077
-,0250

0.0094 0.028E - 22
6.0223% 2.095¢
0.0227 0.C354

0.0154 0.01B4

-.0928 =.49117 -.2174
@.002% 0.0053 2.0041
4.0240 -.0427 ~.0C077
-.0072 -.01%9 -.0235

-.0994 -.9223 -.0130
0.2923 0.0052 9.0937
9.6937 -.0147 =.00387
—.0Q46 -.0254 -.0170

~-.0119 ~.0i%9 -.0053
¢.0015 0.09891 0.20684
-.E272 ~.0029 0.0044
-.015]1 =.0317 -, 0140

a.0100 -.904% 0.9983
0.0030 C.0041 0.0938
6.0t1L0 9.COu? O.cl37
0.003F =-.0[233 0.003F

0.0900 0.9033 -.¢IDé
0.0049 7.0C47 0.0033
a.0977 0.G134 -.0150
-.0071 -.0013 -.,0372

atatistical values of Walsh coe
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o.0178 0.0252
6.0174 0.0282
0.0412 0.0414
-.014] -.0242

"IToss? -T0730

¢.4148 0.C1B7
~.0317 -.0417
-.c811 =,00%7

-.0505%
Q.0077
-, 0270

-.4573

o.0141
c.0047?
0.423949
6,a079

-.0077
0.0084
0.0t07
-, 014

0.9235
0.,002146
4.0043
-.0014

LA
¢.0035
-.9047
~.0145

0.0955
a.002°9
g.oica
a.9013

-. 00458
g.0a71
0.0048
-, 21351

a.0771
0.007%
0.,0384
0.0127

-, Q27
0.0043
-.D204
-.0327

0.0021

g.glktg
-.0035%

-.095%
Q.0044
o.0011
-.01t1

=-.2047
0.0030
-.0004
-.09E87

0.0448 2,9013
0.0022 C.001T
0.0132 0.907%
tr.co4d -.0070

0.0104 0.0128
9.00535 0.0C11
0.01599 0.0175
Q.2018 ¢.0QAT

0.0041 0.09370
0.0033 0.004Y
0.0194 0.007%
-.0011 -.00%F

-.coud ¢.010%
0.0033 C-0240
0.0G37 0.0227
-.q953 9.0222

0.0047,
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FELTIL
-.0195
0.2700
0.033%
~.0281

o.ov6lL
-.0317

-.0501

Q.01Lt3
9.0121
Q.0344
-.0004

6.0933
0.0071

s.01n3
--099%

-,a213
9.00278
=-.2294
-,0328

0.039%
0.0295
0.9444%
g.0188

=-.3088
0.2042

‘a.o08

-.014F

a.2003
c.e23c
0,992
-.0024%

g.o01L7
0.00213
3.0033
=,0033

0.0047
0.00481
¢.0077
=-.00%1

Q.0035
0.00352

9.01335.

-.D00)8B

-.0011
0.0033
0.00%7
=-.005&

7r ol

i1
rEnua s

0.00324
0.29084
0.0134
~.0144

————
-.0%85

0.3017
o.o0101
0.0157
01461

0.0943
0-0972
Q.9182
-.093%

49.0123
d4.0082
2.0314
2.0051

0.0158
0.0943
a-.0174
0.9940

-,0073
Q.0047%
-.0081;
-.0147

-.013d
o, 0944
-.o0le
- 0177

0.2077
0.0224
0.a123
0.004]

-.00al
¢.00351
0.0124
-.0039

9.00317
9.8931
0.0354
-. 3243

-.0050
2.0037
0.Q009
-.0117

~. 0070
c.0034
-.0047
—.C1a4
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0.0028
Q.01356
G.T171]
~.0245

Q.0033

0.Q04B
0.9117
-.007%

-.0177
9.0057
-.09%3
-.02B0

a.,0254
5.2053
9.0318
0.0185

0.010]
a.0033
0.0149
0.0040

- Q024
0.0%4%
9.0039
-, 0183

=-.0117
0.03437
-. 0043
-.217]

9.9t22
0.0048
9.0133
0.0018

0.9048
0.2034
0.0119
0,0008

0.9044
0D.001]
0.00E3
0.0010

a2.0030
g.0033
0.006F
-.002%8

-.0072
0.2013
-.0210
-.011é&
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r.0030
q.0181
0.oL2!
-.,0418

‘0.03907
0.9954
D.044t
0.0130

-.00&81
0.0058
0.0007
-.0150

-.9971
0.0082
~,09148

- D254

-.0053
$5.0042
- 005
-.0204

-.012}
0.007%
0.90A45
-.@213

¢.0l38
0.2047
0.0217
0.0028

-.00277
g.2012
9.0209
-,0077

~.0084C
a.g0:1
~.8037
=-,0078

~.Q07]
0.0040
-. 003t
-,013&

2.0925
0.2027
9.0082
-, 001&

-.0023
6.0033
0.0012
-.0077

ratrax

0.9185
0.0133
0.e3t2
-.0004

g.00351L
C.0372
o.el52

-.0014
a.0048
0.01%9
-, 754

0.0273
0.9974
G.at74
-.0045%

=.027]
0.0081
~.008&
-.023%

9.0030
0.0044
0.0074
=.0040

D.0214
0.Q3957
2.0280
0.811E

-.002%

.223%
0.0043
= 0087

-.0123
0.2043]
-.0012
-.0143

-.0057
0.0934
-.008%
-.0142

0.00487
g.002%
0.qi07
¢.0028

=-.00480
0.2031

-.0008
~-.0100

13
T3 ER

0.0213
0.0077
9.0317
0.0071

‘©.a20% -.02es

0.0132
=.901}
. 0427

2.0070
9.2023
0.2130
0.0040

- 3197
©.09%1
-. 00890
= 0242

0.010%
h.0078
9.0170
-.0027

-.0071
0.0034%
-.0043
-.Qq127

0.009]
0.0230
a.n0%

L2235

-.004%

~.0052
0.0G21
-.o00t8
-.008%

=, 2735
0.0080
¢.0040
-.0219

0.0048
19,0018
Q.2197
-.0c00Q%

-.0071
0.0020
Q.0074
-.g171

n.gllo
0.00490
0.a178
0.00351

i
fficients for character i .
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0.003%

0.0083 |

0.01%9
-.00564

-.0043

0.0042

a.9021

-.0t31

-.0174
0.0029
.12

-.0302 :

0.a207¢ "’

0.0047
0.0t(%59
0.00t0

D.2087

¢.00%7
0.0134
~. 0008

a.060
0.0%41
0.007%2
-.0550

0.0001
0.0018
9.9%2)
-.a039

0.0084
a.o0047
6.01135
-.20218



all characters in a given group. A typlcal example for group (2) is
given in Figure 3, where the horizontal bar of a character denotes its

T, denote the

, and Tl’ 9

statistical range of a coefficient value 034

threshold values, calculated from ranges and standard deviarions. The
recognition procedure in this example 1is described as fellows. Given an
input of unknown character from group (2), calculate irs Walsh

coefficient C If C,, < T, ==—0.015 then calculate C and check if

34° 34 2 12

012:>'F3=0.009 ("yes' it is [f}f and "'mo' it is [f] ). 1f Tl=0.0125)*C343>

T, then calculate C and check 1if C >-T4=0'0123 ('yes', it is M and

YA 31 31

'no' ir is B ). If Cap” Ty then calculare C., and check if Coq >

53

T5=0.025 ['yes' ir is [ ; 'no' rhen calculate C., and check if C

>
36 36

T6=0.0033('yes' i} is @ 3 "no' ir is Eﬂr y].

- Having sef up rhe recognition system, we then try fo run the system
hundred times. During the testing we find that some threshold values
should be readjusted and some charactrers may jump into other claéses
that are supposed to exclude them. By tuning the system five times we

are able to get a recognition rate 99.5%Z for a tofal of rwo hundred rums ;

(i.é. only one failure).
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T2= -, 015 $1= .0L25

(a). Range values of characters in group (2).

" INPUT WALSH TRANSFORM l

!

feature= C34, T1= 0125, T2= -.015

€34< 2 Chp> Ty N{TZ
<\

feature = CIZ’ T = .009 feature = C31, T = ,0123

| N

!

feature = C53, T = 025

53/\\

[ feature = T.= .0033

CHARACTER

36’ 6

< / 36~ T6

€36 /6
=

{(b). The classification tree.

Fig. 3. Ca)Range values of characters in group (2).

(b)The classification tree.




4, CONCLUSION

We have used the .Walsh fransform for complex similar Chinese
character image recognition and found that this merhod is reliable and
simple. This method is moré reliable fthan 4D code since 4D code is
ﬁoise sensitive whereas Walsh transform is not. This method 1s alsgo

better than other methods in that ir is simple, fast and reliable.
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