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Neural Networks for Rotated Character Recognition
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Abstract: The recognition of rotated character patterns is thought to be one of the more difficult problems
in the field of pattern recognition. It is expected that the recognition rate for rotated character patterns
is low. We propose the construction of neural networks for offline handwritten character patterns that are
rotated. Our method consists of two recognition processes. First, the proposed neural networks recognize
an unknown character pattern. Then, the unknown character pattern is rotated by a certain number of
degrees, and the neural networks recognize the rotated character pattern. After combining the candidates
from each result, the final recognition results are obtained. We construct neural networks for the character
image database ETLIB. The results obtained from our experiments show that the proposed neural networks
can learn many types of rotated character patterns and improve the recognition rates.
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Fig. 1 Structure of proposed neural networks.
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Fig. 3 Recognition of rotated character pattern.
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Fig. 4 Process of character patterns.
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Fig. 5 Rotation of a character pattern.
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R 1 RETHRICBIT SRR

Table 1 Recognition results with proposed neural networks.

PRAET U AES

W | FEM | RHEM | FEEA | SR
0 99.57% | 89.24% | 94.26% | 89.61%
10 99.49% | 87.05% | 92.76% | 87.37%
20 99.33% | 85.67% | 91.91% | 85.91%
30 99.20% | 84.48% | 90.49% | 83.57%
40 99.14% | 84.04% | 89.55% | 82.43%
50 99.10% | 84.29% | 89.83% | 82.87%
60 99.24% | 85.19% | 90.82% | 84.32%
70 99.38% | 86.26% | 91.95% | 85.97%
80 99.48% | 87.02% | 92.83% | 87.14%
90 99.57% | 88.36% | 93.16% | 88.23%
100 99.43% | 86.80% | 92.62% | 87.05%
110 99.31% | 85.40% | 91.67% | 85.58%
120 99.14% | 84.05% | 90.30% | 83.15%
130 99.07% | 83.67% | 89.30% | 81.89%
140 99.14% | 84.30% | 89.66% | 82.48%
150 99.26% | 85.05% | 90.65% | 83.99%
160 99.43% | 86.02% | 91.84% | 85.72%
170 99.47% | 86.83% | 92.87% | 87.11%
180 99.56% | 88.53% | 93.28% | 88.36%
190 99.47% | 87.07% | 92.56% | 87.17%
200 99.37% | 85.72% | 91.71% | 85.63%
210 99.19% | 84.33% | 90.33% | 83.23%
220 99.11% | 83.80% | 89.53% | 82.14%
230 99.15% | 84.21% | 89.87% | 82.79%
240 99.27% | 85.04% | 91.04% | 84.44%
250 99.41% | 86.01% | 92.29% | 86.20%
260 99.54% | 86.99% | 93.06% | 87.38%
270 99.57% | 88.42% | 93.51% | 88.49%
280 99.53% | 87.02% | 92.65% | 87.34%
290 99.34% | 85.60% | 91.85% | 85.89%
300 99.24% | 84.44% | 90.50% | 83.35%
310 99.16% | 83.93% | 89.44% | 82.12%
320 99.13% | 84.16% | 89.70% | 82.65%
330 99.25% | 84.87% | 90.77% | 84.08%
340 99.39% | 85.80% | 92.08% | 85.92%
350 99.51% | 86.88% | 92.94% | 87.36%

x 2 WREFHEICBIAHBEROE LD

Table 2 Recognition results with proposed neural networks.

RETFE JrSuRc e
FEH i FEH Rl
SRR | 99.33% | 85.73% | 91.48% | 85.24%

¢ 0.025 2.285 1.950 4.779
iEadik® | 99.57% | 89.24% 94.26% | 89.61%
(0 FE) (0 F) (0 F) (0 F)
R | 99.07% | 83.67% 89.30% | 81.89%
(130 £) | (130 F£) | (130 BE) | (130 FE)

© 2014 Information Processing Society of Japan

WHHRE R 2 &0 5. FRFHERACFICBWTY, it
ETHoWE, FHREHMEIL 85.73%, miEEO%A L
85.24% L 2 V), MEFLOFBE KGR L o7z, Ilifs
BOWE, KT, MEIEICHE L2 EEE v
TRIHRLTWBY, ZNLED b EWERSEONZ. T2
ERRER (RETHOLA1L 89.24%, wiLHEDLAR
89.61%) & mARaRikE (IEEFLOLAIT 83.67%, Wi
BB OE1L 81.89%) DEIVNE L, 5 RREFEOY;
£132.285, RIEEHEOYAIL4.779) /NS WEERE -
7o e, s, BB & IR L Cllfinfs OZEBIC X B R
VLN EDGD .

4.4 XFcOEI L (HBHEEToEEORBR
RN T % s S SRR 2 4T o 7o R 2R d. DRl
AHIE LA 2 RBRRAE RO AR T . LT ORI
WTIE, FREIIRT 67859 —» &EiTo 7z,
BlExAEk 1l WrEEfmE Sy (0 8) IS LR, B
X OHERT A 1A 10 B [nlin S BBk L 7 R e fe i
BlEAE2 32HOBETEIIBNT, r=1¢ L7HAE
(=10 B, 0, 10 FEOHE S THA L 2R 2 HE)

EEAE3 r=2& L72E (208, 105, 05, 10
JEE, 20 FE L)

BEhE4 r=3 & L72%E (302530 £T10
JiE 2 &2 )

EEhES r=4 & L72%E (4025 40 ET10
JiE 2 & [lz)

ElEhE6 r=>5& L72%a (=50 25 50 B £ T 10
JiE 2 & [olz)

7272 LRBRRT G 07 3,036 i & £ <, BHEEOHIHI D72
O, FTNFEEESETICRAEL, ZOHE, LA 20 @
DEERIIZHEY (RGH), s 20 BBz x5 & LT,
SHIXF RN S TR EIT o 72 GEMRER) . 2o
Yitr, AL 206 TOREEIL 99.63% TH o7z, LLEoD
EHE R L o CRBRER L 7o/ R 23R 3 1IRT. % 3 1213,
72 LERRIC, [IFRGE S LR, kRO,
FTRTCOMEDOT TORERHRED L OREFRH#HELRT.

F3 kb, \EHEL TR, FHEBED 90.18% & %
D, MHEL Z2isa (85.73%) &ML T, 10 RS &
TR EMET D2 T AA%DRBIEDIN E &7 o 72,
BRI IRAREE AR R AT 83.67% A 5 88.66% & 5%m L L7z, &
HAZIEMEE A3 6 Tld, FHREEEEEDY 96.41% (10.6% D
REFEomE) L, XFEEEE S TRBET S M
WLWIT Y, FEEREM LT AEMICH L Z LG 05.
FoEETES BLU 6 OGA, mIKFEREESY96.14% &
96.22%CTH 5 Z b, EAEIZBWT, 96%LL F O
REBLZENPTE, Z0XHIZ, MESETHBTS
B AL TIIE, SHEIVRNE o T 2 Enh,
LFDOEHLD S 2T 5BV R b I L 0hh5.

2305



1FHRAIEF=5/EE  Vol.55 No.10 2300-2308 (Oct. 2014)

+® 3 WFNY — & MR &G O R

Table 3 Recognition results in rotating character patterns.

SPRIRERRES | L | R | IR Rk
sz L 85.73% [2.285| 89.24% 83.67%
(0 1) (130 %)
s 7k 1 90.18% |1.435| 92.35% 88.66%
(0 1%, 10 %) (0 %) (120 )
s 7 ik 2 92.20% |0.884| 93.71% 90.95%
(—10 FE~10 F£) (0 F%) (130 )
sk 3 94.47% |0.258| 95.25% 93.76%
(—20 & ~20 f£) (0 %) (320 J)
s 7 ik 4 95.64% |0.038| 95.94% 95.28%
(—30 & ~30 f£) (0 %) (230 i)
s /7 5 96.22% |0.002| 96.32% 96.14%
(—40 J~40 F£) (40 1) (170 i)
#2751 6 96.41% [0.015| 96.66% 96.22%
(=50 & ~50 F£) (40 1) (170 )

R 4 [N 2R 72 O (RHR)7E 2)

Table 4 Recognition results in rotating character patterns.

PR | B | Bmalak | mRERERE

s 1k 2 92.20% | 0.884 | 93.71% 90.95%
(10 %) (0 %) (130 )
M 2-a | 93.48% | 0.212 |  94.36% 92.82%
(20 %) (0 %) (140 )
EHR 5 2-b | 93.91% | 0.038 | 94.39% 93.68%
(30 %) (30 1) (80 1)
EHn 5 2-¢c | 93.75% | 0.149 | 94.54% 93.20%
(40 %) (320 ) (170 )
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Fig. 6 Neural networks for limited chacter patterns.
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£ 5 MNRHFPEHORL LAY T — 7 TORMRER
Table 5 Recognition results with neural networks for limited chacter patterns.
P | CPYRRRREE | R I o R TRARRE
s L | 360 FE 85.73% 2.285 | 89.24% (0 J%) 83.67% (130 %)
180 F& 87.25% 3.375 | 92.28% (90 &) | 84.93% (310 )
90 FE 88.45% 4.730 | 93.67% (270 FE) | 85.97% (40 F£)
MR 1 | 360 B 90.18% 1.435 | 92.35% (0 %) 88.66% (120 %)
180 FE 91.13% 2.019 | 93.95% (260 %) | 89.36% (310 %)
90 J 91.82% 2.857 | 94.64% (270 %) | 89.74% (40 &)
[z 2 | 360 fF 92.20% 0.884 | 93.71% (0 ) | 90.95% (130 )
180 J 92.90% 1.296 | 94.74% (100 F) | 91.43% (310 &)
90 B 93.49% 1.777 | 95.28% (270 ) | 91.81% (40 %)
[z 3 | 360 fE 94.47% 0.258 | 95.25% (0 ) | 93.76% (320 k)
180 Ji£ 94.94% 0.418 | 95.75% (100 ) | 94.02% (320 F£)
90 F£ 95.41% 0.626 | 96.14% (260 J¥) | 94.22% (50 J)
[FlEz 5%k 4 | 360 FE 95.64% 0.038 | 95.94% (0 J¥) 95.28% (230 F£)
180 Ji 96.01% 0.079 | 96.34% (110 ) | 95.49% (320 %)
90 B 96.39% 0.111 | 96.64% (250 J¥) | 95.68% (50 Ji)
s 5 | 360 FE 96.22% 0.002 | 96.32% (40 %) | 96.14% (170 %)
180 Ji 96.53% 0.015 | 96.74% (130 J¥) | 96.34% (340 %)
90 F£ 96.83% 0.001 | 96.90% (40 ) 96.77% (80 J£)
[El#5 57 6 | 360 FE 96.41% 0.015 | 96.66% (40 %) | 96.22% (170 %)
180 Ji 96.73% 0.030 | 97.0% (230 %) | 96.44% (360 %)
90 £ 96.76% 0.012 | 97.0% (230 /%) | 96.63% (350 %)
MELE 5. ZENVGH B

200Dy NI =27 OFFEMIE, 4.1 BTz L

VAT o 72, F 72385k
F1 S MR 612 &
BN v N T — 7 DA,
R R

DWTIE, 4.4 FiCTHlR7z0EEE )
% 7Rk % AR AT o 72,
HHBICBWTXYEHEE
B, 180 xR xGE Lzt y T =220V T
1, 360 EOWELILEL T 26, 90 EE S Lizhy

EHERQE

T =2 1Z0WTIE A fEUTEE I b, Z 2 CTEIEE O]

D7z, 4.4 Fi Lk REEL

2, 360 AR E LAY B

PDED XSz,
SYHEED L SERER
EERIHIL 2255

6. LTV

EN Kﬁwfﬁ,ﬁﬁbtﬁ774>$%§ii%ﬁ

Rk

[OOSR B 5y VT —7 %K
VA5 LIk oT, 518
PR O LT,

/\ —)—-(

Sl TCma2—INWVAy FT—=2712

7. Zhid,

ﬂ%%&%%%b
—EDAET LI @%L?i%@

=7 w VT, RN SR L, FoLArE
20 LA LT, 180 FED LI 90 FEA M Z L7z A v b
T =27 FHWT, FikETo7. DLEOERERE ROV T
x5 I1R7.

#£5 X0, MEEAOHALIN A Y T — 7 DT AR
FESENZ L3505, HiEE R L 7256, 360
BRHEE L72hy b — 7 TR A 85.73%, 180
JE Tl 87.25%, 90 £ ClE 88.45% & k= ik m L L Tw
MEZSH A, N, Bk LzX ) ,L%ﬁ%®ﬁl
DNy N T — T DI, FEIGE e EF D
D, BOWEEMELNbDEEZ L, 12721, IEI
BT LEBPL L RBI2ONT, ZOEIINELHEST
W (MERHE 6 D84, 360 Ex g Lizty M7 —
7 T FRREERDY 96.41%, 180 FE Tl 96.73%, 90 FET
12 96.76%). D XHIZ, HEROFEHEHIEL TEE L7
%yh7~7%mwf,%® i AL O [nldn 307 % GRS %
B, BT CHESES I L2 - TEREI TS

© 2014 Information Processing Society of Japan

Hma—F) Ay b =7 OREB X OFEERTEIIOWT

RELZ. BREFICBOTE, RAXTZ SHICAES
THMEITV, TNTNORRZMET S LIZL > T
TR 7 SRR R 2 RO B TR RFE L7z, £ LT

7 — % X—Z ETL9B, 3,036 iz x5 & LT,
WAty T — 70)”””5:1Tb, RSB AT o ToRE R, XX
FHOLZ NGEIIBWTYH, ML TOFEEPRETH D,
rl’ﬂﬁ(ff‘:ﬂzixbfmb‘ ik B Gh LN TE, 2L
TEH I TR MRS TRBR ATV, Bk Re e T
52 LICEoT, FFEOMEEZNL I ENTE, REF
FBEOFEZ RS ENTE, T NSO R
HhZa—F )iy T =T EBHAREDYE, KOHE, FEMEE
FREAT) LK o TRIMEE A I L 2255 85k on L
NS Z L RET.

L, BERCTERAEEOHMIELR L =2 - T
v P =7 OMEEHEMET5Z L0 o T, HilkE
DEL L AHM LTS LR, BESCFORMIEICSICH

—a—7

2307



1FHRAIEF=5/EE  Vol.55 No.10 2300-2308 (Oct. 2014)

LTV FETH L. [19] 1lHE=, ?ﬁfﬁ%i’%# AR © B IEBLE O R,
e WP a 47 B, FRELTTF— 5 R— R %8 HPFHRE ARG RS, D-439 (1988).
R RAREAT R, FERITFT I AER g, el A, Bosk R RSB
L T2 SV E L2 B R A TISERT O bk O A R 2 Tl & ST RS A T 4,
72LET. TGS 22 A SCEE, Vol.J78-D-TI, No.6, pp.922-930
(1995).

e [21] W B AMEEY —a-var¥a—%, iR

SE 3k #t (1988).

(1] ZEWE—, SERET, PNR=AETI - [liRSy —
ERWBT B =2 —F Ay bT =7, BRI A
%, Vol.34, No.11, pp.2277-2281 (1993).

2] AU, BERET, PNES EEICEE L5y —
v ENRARE 2 R T ARG R E TV, LR
FICEE, Vol.35, No.7, pp.1311-1317 (1994).

(8] =/NEEE, OJER B, W0 B, EREFEAR, HEATE—
Za—=F Ay T =22k B EOIERAL, BHEER
AT 4 T FEERE, Vol.b2, No.11, pp.1713-1723 (1998).

4] P %, Az, N, VL L FE & 0T
DIF—H B SHHIESE, B IEH0BME S REA e,
PRMU2000-207, pp.47-52 (2001).

[5]  FREFEN], SEREE, ZHWEGE DAL R T W28
FOR, B IHEHRBEFERMW LS, Vol.J73-D-11, No.11
pp-1906-1909 (1990).

(6] BB H, RFEH, FARER, KL D Hough 2t
TRV E RE SRR P2 — TV Ay
N7 =7, B HEE RPN S, PRMU99-88,
pp-1-6 (1999).

7] AT, KE R, BT B Sa-9niv Mok
AR L RE SITH L TAL R FH & RFalik, &1
THHOEBIE % 235 CRE, Vol.J75-D-II, No.11, pp.1900-1908
(1992).

8] R, BEy, FIEEAE, ZEEE s A
Far= oy, EfERRE T AW OGE, Vol.J81-D-11
No.6, pp.1365-1374 (1998).

[9] Kulkarni, U.V., Sontakke, T.R. and Randale, G.D.:
Fuzzy hyperline segment neural network for rota-
tion invariant handwritten character recognition, Proc.
International Joint Conference on Neural Networks
(IJCNN 01), Vol.4, pp.2918-2923 (2001).

(10] #&NfAT, BAEAT, M W, REEBI 87 X M)y
7 AP & 2 M F o, WGE T 7556,
Vol.33, No.6, pp.1123-1131 (2004).

(11] A&, KI f, AR, RFSCRE @ SCo ElEmic
af U Cllnd 2 SCFERERR T, B0 E R e
e, PRMU2011-205, pp.111-112 (2012).

(2] S DU, EARMZ, (IWEREE A THREREIC L 5T
& ST O, HHLE SR IEE, Vol.30, No.8,
pp-962-969 (1989).

(13] & /e, ILPHE—BE, AR, P IESE @ SRR = = —
TNty b= 2 G FEH EUERER, B ol
{55 3CRE, Vol.J73-D-I1, No.1, pp.54-61 (1990).

(14] JEHE—, AH ¥, BEEE SNEL A= 2 —
Z )4 v &+ CombNET-II, 7115815 5 &5 3Cak,
Vol.J75-D-1I, No.3, pp.545-553 (1992).

[15] Saruta, K., Kato, N., Abe, M. and Nemoto, Y.: High Ac-
curacy Recognition of ETLIB Using Exclusive Learning
Neural Network-1I (ELNET-1I), IEICE Trans., Vol.E79-
D, No.5, pp.516-522 (1996).

(16] HI ), HURHERG, MEE %, RoRE 22—
v bT =7 A ZEHER-FROTH S LTRHRY
AT b, EAERGEAE T 25 RS, Vol.J83-D-1I, No.3,
pp-988-995 (2000).

[17] Rumelhart, D.E. and McCeland, J.L.: Parallel Dis-
tibuted Processing, Vol.1, MIT Press (1986).

(18] KR #, I — @ BT oo REGR & PR, IS5 (1989).

R ER (E£EB)

1999 4F B2 JE Z2 2 K5 R = Be L L5 0F
FeRH R AR s T, Tl (15).
WEOETIVLICEBR Z >, ETE
HOBEHE, B AT L4, b a—
AU T - ARAREE.

© 2014 Information Processing Society of Japan 2308



