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Research on Abnormal Chinese Character Recognition
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Abstract: Recognizing characters from the complex image plays an important role in content-based image retrieval and has been well
studied in past decades. The methods for normal characters recognition, however, become inapplicable when characters suffer from skew,
uneven illumination, noise and anti-aliasing. A new method, named SC-HOG, is proposed in this paper for recognizing abnormal Chinese
characters. Firstly, sparse coding is applied on abnormal character image to smooth noises and reduce anti-aliasing. Secondly, HOG
features that help reducing the influence of skew and uneven illumination are extracted. Finally, these features are fed into a well-trained
classifier to recognize the character of the given image. Experiments on both synthetic and real data sets show that the proposed method,
SC-HOG, achieves high accuracy on abnormal Chinese characters recognition.

Key words: sparse coding (SC); histograms of oriented gradients (HOG); incremental linear discriminant analysis (ILDA); Chinese

character recognition; document image processing
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Fig.1 Flow of text extraction from complex image
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Fig.4 Chinese characters reconstructed by sparse coding
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Fig.7 An overview of SC-HOG
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Table 1 Methods used in comparative experiments
F 1 LLXSSEg b o I 5
FHIE TV Ji iR

Grid P ks AR AE A AN PRS0 B 2x2pixels, I VH ST AF AN W AR AG 38 A0 2K BE S 38048 A B 576 ZERFAE 17

TRELEMG 1) HOG 1 451 1) &, 280k block=32x32pixels,cell=16x16pixels,bin=6,k I & 1 N & F

HOG96 SN B 110 block /b, LU 16pixels 08 B3 2 A% G 1 i 0 4 40h 96 4

HOG216 PRI 2 19 HOG 1 MR E 1) 5, 2 800 block=24x24pixels,cell=12x12pixels,bin=6, 1 I % 1 4y & i
KN R block A/, BL 12pixels [/ PR B85 9 5 R AiE 1] 5 4E 5k 216 4

HOG600 AR50 HOG $51E, 250k block=16x16pixels,cell=8x8pixels,bin=6, K Ml & 1 A & K71,

W B)) % 14 block K/, Ll 8pixels [ FF 25 31, ¢ 4iE i) == 1) 4E 50k 600 4

3.1 XT3
F U e v 1 A — i R A5 F R A 3 B T PR A T TR R RR 1o REAT e B, A AR X I R R 1)
T G AR S v S AR A1 B 4 R 1o~3° (L 7 B L 6 i, W 1] 8 BT, 3R 2 43 A4 T 4% J7 it AR 4

U 2.
g

(A | swnrerpus
ok

ﬁﬁﬁﬁﬁﬂ

Fig.8 Examples of Chinese characters with skew

8 MR E BB

Table 2 Comparison of different methods on the recognition accuracy of Chinese characters with skew

R2 AINE R R

A B Grid (%) HOGY6 (%) HOG216 (%) HOG600 (%) SC-HOG (%)
1° 99.27 99.08 99.77 99.93 99.98
20 98.06 98.90 99.74 99.88 99.95
3° 95.60 98.53 99.58 99.82 99.85

M 2 ATEUA H,Grid  REWS VR 38 B MR R D0 G (E 2 fB0RE A R 08 ORI 2L R0 SR AT O RE BE 1) 1 4%
HOG W HAT B PSR GE 1A SCTTEFIHT T HOG D3, 08 38 B A TR} AT B0k I B8 2, IR IR, SC Ak 31
JIT it B PR SR A8 R T A R R 3 RS A7 THT 520

3.2 XFABARYEM

R S A AEA ISR SR 3.1 745 A jl (¥ 0 P 4500 1 i 8 5t €0 22 4R 3% K BE A, AR B 2pixels 346 14 75 1%
AR A DT AR O A B B R RS DT o BUR B 1 B0R A B 1o~3° [ R IE 6 k), 1 1&]
9 7R AR 3 r BN T 4% 5ot R A (1 U K.

M 3 ATLAE H,Grid %6 AN IS0 BB RE W A2 T B 302 T OIS & BB IR 1 1 5 A8 3R A
IR PE AN, T AL AR FERFAE R A0 T HOG AL, e EHK (V17 3 T 1 (HOG96) I3 A AR 3t i 14 /1N 1 2l
T 10 G0 B 2 ) R T, W LA 5 06 SRR 14 5 i,k BE A5 2K IR 32 TH(HOG216 Al HOG600); A 3L 5
T HOG (K903, 08 't J R PR AR A 050 o ) 5 e 1 T I, SC A T 32 3£ 75 JE 458 R 08 IR0 BT SR )
iR A0S
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Fig.9 Examples of Chinese characters with uneven illumination

9 JCHARNTEE

Table 3 Comparison of different methods on the recognition accuracy of Chinese characters

with uneven illumination

T3 AINEN A DU I R

WURHG Grid (%) HOGY6 (%) HOG216 (%) HOG600 (%) SC-HOG (%)
0° 20.39 98.32 99.77 99.97 99.95
1° 17.03 97.70 99.66 99.91 99.92
20 11.27 97.11 99.57 99.89 99.85
3° 6.95 96.19 99.35 99.81 99.77

3.3 kxFEREEFFHEE

B SR REA R AN S 3.1 35 A B BRHERS 23 I N T 2 62 24 0.10,0.20,0.50 () 757 307 e 75 49 31 e 5 T4 16
PTG (o s — 2 s B G R AR T TR MR 1R R 10~3°10 5 3L 6 @), i 10 TR
4 53 BB T AN TR R B M T % T v M 4 1 TR 2R

=1
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(b) 6*=0.20

Fig.10 Examples of Chinese characters with noises

K10 BT g

Table 4 Comparison of different methods on the recognition accuracy of Chinese characters with noises

R4 K TTENMEE TRDCT IR

ZH 1R 0 B Grid (%) HOGY6 (%) HOG216 (%)  HOG600 (%)  SC-HOG (%)
0° 99.36 65.33 71.63 65.85 99.93
=0 1 1° 98.38 59.66 68.80 61.79 99.89
=0.10 20 95.73 56.28 65.94 59.62 99.81
3° 88.65 52.20 62.13 55.90 99.80
0° 97.89 14.79 21.61 2327 99.80
=020 1° 95.64 13.12 19.61 21.13 99.69
: 20 90.46 11.85 17.96 19.43 99.52
3° 79.52 10.44 15.94 17.11 99.15
0° 77.87 0.54 1.13 1.71 94.99
1° 70.09 0.55 0.96 1.60 94.86
=050 20 58.61 0.51 0.97 1.57 93.89
3° 43.87 0.45 0.94 1.42 92.02

I 4 T LA H,Grid GE5 UG B2 5 T30 (K0 DU BIR(E 24 0 35 B 2 I SR e R B W A2 il HOG &
AL (A D7 L SRR A, T 15 7 T TP 17 PR P I o B AR A, AT A5 A SR8 A ST i A SC R g g
AEL A I AT HOG AOHUIBURHE BE, R UE T U B 2 148 P8 IR U3 P .
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Fig.11 Examples of Chinese characters with anti-aliasing

11 LGFU T E B

Table 5 Comparison of different methods on the recognition accuracy of Chinese characters with anti-aliasing

x5 KINIEN LG DT &

P T 1A} 1 )3 Grid (%) HOGI6 (%) HOG216 (%)  HOG600 (%)  SC-HOG (%)
0° 99.50 98.59 99.65 99.93 99.98
o 3 1° 99.27 98.52 99.63 99.90 99.98
g 20 98.42 98.21 99.57 99.88 99.94
30 95.04 97.66 99.39 99.79 99.87
0° 99.30 97.71 99.50 99.89 99.99
P 1° 99.06 97.59 99.42 99.84 99.97
g 20 98.27 97.00 99.34 99.81 99.92
30 94.98 96.27 99.18 99.71 99.83
0° 99.22 97.18 99.42 99.88 99.99
o5, s 1° 98.97 97.02 99.32 99.86 99.96
g 20 98.19 96.41 99.22 99.79 99.91
30 94.94 95.44 99.09 99.68 99.81

M s W LA H,Grid Bef UM I G AL K DU 7 B T HOG AL, BB BRI 3 & H (HOG96), MR
) 2 ARG 30 T 8 /N 2l 38 0 B TR R R BRI LA 99 30 S S A0 RBURE 5 ) T e A B K $ T
(HOG216 F1 HOG600); A< SLIT A AT T HOG  FYAIL 3 ) s JEURT I 2 P 50400 L A 50 it P 45 1 [R] I, SC Ak PR3
TSI A R IR B A VR Y R ST R
MER 3.1 T~ 3.4 AT SE 8 v] LU
o Gird: &5 b BRI G A L A JRE AR R e PR T 5 PR S 00 24 MU A P2 e % TP I, A B CR T B
AN A UMD AN B (K L P45
o HOG: HATEURIN PSR GE J7 , B B I b Ak B AN 35 1100 25 S Al 175 100, %o Wt 57 ¢ UK
o SC-HOG: H A7 B8 (M B 00 R} 8 75 , B 8 452 1 b Adb ' FECAN 359 1300 5 2 A4 175 100 e 5 7% T I A, 45 380 %
L hb B g5 L.
FEA B A X e 5206 25 R W], SC-HOG Jrik Xt FWist, JeHAI . Wi T A0 G A 5 53 G
BUAT U IR B HE .
3.5 EXHIEE EHXE
AR S B P A G AR R0 3 5t P B 1R S AR DA 481 S A SC T AR A PR 00 VR ) T v AT R B s rh SR
LT 400 g J5 AL AT KB AN 376 Tz 5%, 53 M 45 5320 F1 8 335 N3 6 43 T4 i T HOG600 Fil SC-
HOG 7EH S8 G B b 2 18 12 2 DB LR AT WL, SC-HOG J7vATE B9 8 B BB R IL T HBLF Y
g
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Table 6 Comparison of HOG600 and SC-HOG on the real dataset
% 6 HOG600 Fl SC-HOG 7E FL S Hfii 4R Lty i) =

N 1573 7 5
L 1 10 20 30 40 60 80 100
BB FEAE T vk
e 1 HOG600 (%) 4415 63.03 6756 69.85 71.65 7402 7570 7697
1]

SUERCT R SC-HOG (%) 4735 6594 70.15 72.69 7438 7641 7776 78.91
— HOG600 (%) 5936 7474 77.63 7931 8059 82.13 83.12 83.86
o SC-HOG (%) 65.80 8149 8429 8570 86.73 8827 89.18 89.84
80 90
70 - — 80 /’:—’:::i
&) - S -

A !

B 60 4 — = HOG600 t_i 70 [ -~ —HOG600
= / ——SC-HOG = ’ ——SC-HOG
— ! ~ A
50— 60
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40 —— ‘ 50 | .
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i 3k 55 fige 3k 55
(a) s ESTEB (b) KB

Fig.12 Comparison of HOG600 and SC-HOG on the real dataset
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Fig.13 Examples of correctly recognized Chinese characters in the real dataset
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Fig.14 Examples of mis-recognized Chinese characters in the real dataset
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F1, WA U 57 A7 AR SR SR S 6 BT (BB 3.1 15 ~50 3.4 %) 5 S 4 s i 45 SR (5 3.5 349) W T 56
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