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Abstract

Image denoising is an important part of image preprocessing of handwritten numeral recognition.
For the shortcomings of traditional denoising methods, a wavelet threshold denoising method
based on improved semisoft threshold function is proposed. On the one hand, this method can ef-
fectively reduce the self-oscillation of hard threshold function and the fuzzy distortion of soft
threshold function. On the other hand, compared with the traditional semisoft threshold function,
the transition near the threshold is smoother. Combining the vortex search algorithm and the ge-
neralized cross validation criterion, the hierarchical threshold is determined adaptively. Simula-
tion results verify the feasibility and effectiveness of this method. Compared with the traditional
wavelet threshold denoising methods, the improved method can significantly increase the accu-
racy of handwritten numeral recognition.
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VR e RRR B — AN EE 5, F5 5% 11 (Handwritten numeral recognition, HNR) 2= ZLAJF 7t 4
R B B SR F S E4CK EE i & bR n ey, W R EGRA . BURALE. N T
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W EBRA HEEE 3 5 S U AT B T RRSRER Sz R

HNR 540 E 2 A TIACEE . RRAESREL. 2r FEHI SRR For, FROAL B2 Fia b S 46 1 PG e 4 i iR
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R TAE B e S mti[2] . TARHE Y 45 o W RN RN PERE . HER UL, T HE A3 2 EG U &
FRAF, 5 2 REAEBRIUR 43 28 0 500 i R el sy, M 28 e

PG TIAL B AR — B8 Bk PR, ZI4bZ5[3]. E NG UL B — N B EIRY, IR R
B I RAR I BURAS 5 A 5 (55 A R RE M, AR (0 98I BARIE I 3 40 B, (6159 5 25 )5 11 B A R
46 1) T R 2 TR 1R 22 S R AT R IR /N o AR 25 M SR I A B, PRI A5 B M 73 g 2 1] 3 o Mg R A 6t 3
Wh[4]o I & ELREAE UG AT AR I B A B, 5 R S G Tl AT A e, R AR S R
AT OB, B S AR B S I FR A0 AR e B SR AR IR, AT A B B e S 0 G . R R ) T e B e
DAL SE DD « R EIEDL AN Wiener JEU: . b, PI{EIEBE R AOLE T L, E AR
g s, (R RGBS SME BN S BB P E IR R — P AR R, T RMEE—E R b
e IR 28 P U 1 R AR, 3 A A ER KR R, (R SO AT 2 1) R AR B N R AN EE AR
Wiener S8 e —Fh LA /NS 7 N R AE M A 26 Ve 8D, &M T XRRSES, HEEEKR, HHARE
CUAT NG 5 G ReME, IR B3 R MR 1) 7 e (RN o 5 FH ) 788 e B e 7 V2 048 Fourier 846t
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Figure 1. Procedures of wavelet threshold denoising
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Figure 2. Comparison of semisoft threshold functions
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Figure 3. Comparison of denoising effect for different wavelet threshold functions; (a) Original image; (b) Noisy image; (c)
Hard threshold denoising; (d) Soft threshold denoising; (e) Semisoft threshold denoising; (f) Improved threshold denoising
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Figure 4. Comparison of recognition accuracy for different
wavelet threshold functions
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