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Abstract

In this paper, we describe a modularized neuroclassifier for enhancing the recognition
accuracy of mixed printed and handwritten numerals, This classifier combines four
modularized subclassifiers using multi-layer perceptron module. The input of each
subclassifier is comprised of a group of specialized feature sets. On applying this method to
combining several subclassifiers for unconstrained handwritten numerals. the experimental
result shows that the performance of individual subclassifier can be improved. In
winner-take-all voting method, the result of subclassifier having the highest RF value is
selected as the output. The generality of this classifier is tested with 1,080 printed and 3.000
handwritten numerals that was not shown in training the neural networks. Experimental
results show 98.2% recognition rate. The typical recognition test with a threshold
value(RF=1.5) has shown 97% recognition, 1% substitution and 2% rejection rates.
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Table 1. Recognition result of subclas-
sifier-1.
QP 3 4 5 6 7 8 9
nput
0 293 0 0 0 0 3 2 1 1 0
1 021 1 0 0 3 0 5 0 0
2 0 1266 4 1 7 14 2 5 0
3 0 0 028 0 5 0 0 4 3
4 0 0 7 022 0 O 1 2 2
5 1 0 1 9 028 3 3 2 0
6 0 0 0 1 0 22% 0 1 O
7 1 0O 0 0 0 0 0299 0 8
8 0 0O 1 4 019 1 0215 0
9 0 0 0 4 4 1 0 33 1257
Total recognition rate : 94.29% (2,826/3,000)
E: 2. FdAl7] 29 oAl A3}
Table 2. Recognition result of subclas-
sifier-2.
oeuut ey 3 4 5 6 7 8 9
input -
0 284 0 0 0 O I 13 2 0 0
1 0270 1 024 3 0 2 0 0
2 0 2278 13 2 0 1 1 3 0
3 0 4 1286 0 2 2 2 3 0
4 0 13 0287 3 1 1 2 2
5 0 0O 0 0 027 3 0 0 0
6 0 0O 0 0 0 2297 0 1 0
7 1 1 0 1 0 1 028 0 8
8 3 4 9 6 1 19 9 0248 1
9 1 0 1 1 0 2 0 26 0269
Total recognition rate @ 93.4% (2.804/3,000)
CE 3] 39 A A
Table 3. Recognition result of subclas-
sifier-3.
output . - L
input\ 0O 1 2 3 4 5 6 7 8 9
0 % 0 0 0 0 0 0 1 13 1
1 027 4 2 1 4 0 1 0 1
2 0 1288 0 3 0 0 6 2 0
3 0 0 1021 0 2 0 2 1 4
4 0O 0 0 12% 1 0 0 0 3
5 0 1 2 3 325 14 0 2 0
6 0O 0 0 0 0 1294 0 o5 0
7 6 I 0 3 1 0 026 0 9
8 30 0 0 0 1 3 0293 0
9 0 I 0 5 1 4 0 3 028
Total recognition rate : 95.6% (2870/3,000)
Fr7] 3 B4 AX B3 81E 1 471 o
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Table 4. Recognition result of subclas-
sifier-4.
output
. 0 1 2 3 4 5 6 7 8 9
input
0 0 ¢ 0 0 0 0 0 0 0 0
1 0108 0 0 0 0 0 0 0 O
2 0 0108 0 0 0 0 O 0 O
3 0O 0 0108 0 0 0 0 0 O
4 0 0 0 0108 0 0 0 0 O
5 0O 0 0 0 0108 0 0 0 O
6 1 0 0 0 0 0107 0 0 0
7 0 0 0 0 0 0 0108 0 O
8 0 0 0 0 0 0 0 0108 0
9 0 0 0 0 0 0O 0 0 0108
Total recognition rate : 99.9% (1,079/1,080)
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Table 5. Recognition result of handwritten
numerals.
CONOuRIH 9 3 4 5 6 7 8 9
Input
0 2% 0 0 0 0 0 1 0 4 0O
1 0206 2 0 2 1 0 0 0 O
2 0 12% 2 1 0 0 0 1 O
3 0 0 22 0 0 0 0 2 0
4 0 0 0 0299 1 0 0 0 2
5 0O 0 0 0 022 6 0 0 0
6 0 0 0 0 0 028 0 2 0
7 0 0 0 0 0 0 0298 0 2
8 1 1 0 1 0 2 2 023 0
9 0 0 0 3 0 1 0 4 029
|[ Total recognition rate : 98.4% (2,951/3,000)
E:d 6. RF9] ®izlol & Fra) wx}e] 914

Ay

Table 6. Recognition results of hand-
written numerals with RF.

TYE;&;};old Recognition Rejection ||  Substitution
0 9B4 % 0% 16 %
15 96.2 % 30 % 0.8 %
16 949 % 45 % 06 %
1.7 935 % 6.0 % 05 %
18 920 % 75 % 05 %
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Table 7. Recognition results of hand-
written/printed numerals.
o0 12 8 45 607 8
input
0 402 0 0 0 0 0 2 0 4 O
1 0405 1 0 2 0 0 0 0 O
2 0 04001 2 1 0 0 3 1 0
3 0 0 133 0 9 0 1 4 0
4 0 0 0 043 0 0 0O 0 5
B 0 0 0 1 039 9 1 0 0
6 O 0 0 0 0 0406 0 2 O
7 0 0 0 0 0 0 046 0 2
8 J 11 0 1 0 4 3 0397 1
9 0 0 0 3 0 2 0 8 03%
H Total recognition rate : 98.2%(4,005/4,080}
k2 8. oA AHE HEF "rA H A
&4 52 QA A
Table 8. Recognition results of handwrit-
ten/printed numerals with rejec-
tion(RF = 1.5).
Wy 23 4 05 6 7 8 9 [
input tion
0 0 0 0 0 0 0 1 0 0 0 6
1 03 1 0 0 0 0 0 0 O 11
2 0 039 0 1 0 0 1 1 0 14
3 0 0 1391 0 9 0 0 2 0 5
4 0 0 0 039 0 0 0 0 3 6
5 0 0 0 1 039% 5 0 0 0 7
6 0 0 0 0 0 044 0 2 O 2
7 0o ¢ 0 0 0 0 0404 0 O 4
8 0 0 0 0 0 3 1 038 0 16
9 0 0 0 3 0 1 0 5 038 10
Recognition: 97%, Substitution: 1%, Rejection @ 2%
k23 9. RFY] wistel |2 o)/ =2}

of Q4 4Y
Table 9. Recognition results of handwrit-
ten/printed numerals with RFs.

T}ZESI;OM Recognition Rejection Substitution
0 98.2% 0 % 1.8 %
1.5 97.0 % 2.0 % 1.0 %
1.6 97.4 % 2.8 % 08 %
1.7 955 % 38 % 0.7 %
1.8 948 % 46 % 06 %
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