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ABSTRACT

We present an efficient algorithm for skew correction of business card images obtained by a PDA (personal
digital assistant) camera. The proposed method is composed of four parts: block adaptive binarization (BAB),
stripe generation, skew angle calculation, and image rotation. In the BAB, an input image is binarized block by
block so as to lessen the effect of irregular illumination and shadow over the input image. In the stripe
generation, character string clusters are generated merging adjacent characters and their strings, and then only
clusters useful for skew angle calculation are output as stripes. In the skew angle calculation, the direction
angles of the stripes are calculated using their central moments and then the skew angle of the input image is
determined averaging the direction angles. In the image rotation, the input image is rotated by the skew angle.
Experimental results shows that the proposed method yields skew correction rates of about 93% for test images

of several types of business cards acquired by a PDA under various surrounding conditions.
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Fig. 1. Block diagram of the proposed skew correction method.
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Fig. 2. Business card images obtained by a PDA camera and the result images of GB: (a) input image 1, (b) input
image 2, (c) binary image for input image 1, and (d) binary image for input image 2.
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Fig. 4. Result images of the block classification for
the images in Figs. 2(a) and 2(b): (a) result image for
Fig. 2(a) and (b) result image for Fig. 2(b), where
gray parts represent CBs and black ones BBs.
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Fig. 5. Result images of the BAB for the images in
Figs. 2(a) and 2(b): (a) result image for Fig. 2(a) and
(b) result image for Fig. 2(b).
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Fig. 6. Result images of the cluster generation for the
images in Fig. 5: (a) result image for Fig. 5(a) and
(b) resuit image for Fig. 5(b).
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Fig. 7. Result images of the stripe generation for the
images in Fig. 6: (a) result image for Fig. 6(a) and
(b) result image for Fig. 6(b).
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Fig. 8. Result images of the image rotation for the
images in Figs. 2(a) and 2(b): (a) result image for
Fig. 2(a) and (b) result image for Fig. 2(b).
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Fig. 10. Images of several types of business cards acquired by the PDA under varions surrounding conditions: (a)

ordinary business card on white paper, (b) ordinary business card on wood grain desk, (c), (d) special business cards
with patterns on wood grain desk, (¢) special business card of textured surface on woon grain desk, and (f) ordinary

business card on two-tone desk.
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Fig. 11. Result images of the skew correction for the images in Fig. 10 by Avanindra’s method.
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Fig. 12. Result images of the skew correction for the images in Fig. 10 by the proposed method.
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Table 1. Skew correction rates of Avanindra’s method and the proposed method.

. Avanindra Proposed
Type of Surrounding
business card | condition with GB with BAB with GB' with BAB®

Good 36% 46% 70% 96%

Ordinary
1 34% 40% 66% 92%
Good 30% 42% 60% 96%

Special
1 16% 38% 54% 88%
Total 29% 41.5% 62.5% 93%

1: the case that the BAB is replaced with the GB in the proposed method

2: the case of the proposed method itself
e AE ¢ 4
V. 49 43

Ak 3 ®A wbgel A%g Hrlsh| Hﬁ}
o] #d] 800x600 =7]2| °3*o‘a 2L T e
NevicomA}e] Nexicam 7}#|2l2 400MHz 2] Xscale
ZgAAel 64MBE] RAMS Z= CompagArkel
PDASl iPAQ h35900¢] #Hals}e] clokgt 724 ofA
3]_0]]/(—] o:]a-] ,] tr:}ag-__ I;HA]-____E /K]a‘-] 03/\1—*-
2tk o "F%R‘} B3k FREE BE s
35l Azlel e 4AE e W Alxle]
vl aRle] e HWEt % % 588k Bt}
a3 FH o zleRe R g7F z2He] &
T A5, W A4l 1%‘47} UE A H
el o ododel] AT 2R wiFe] e AS
o) A ZiEd vl 240t e A 4 o
Zolck 3H BAES A 4o e} A B
Aol 37 4] il mlE AHelsiich A
wAs Aze HAY @4} AA 24T Uzt
sk AIRME W2 ANE 7te] Folrt 05K ola}
Q1 A9z sk

2% 102 cfgt T o7 sjolla o] A
gele] Hrs e ® P 640x480 =27)9 o
S ¥ogEchk 2d 10 100)] s
< 27 Hg e A Folol v1EAe] ALY
oﬂ &e:‘lp_O_ Al—gﬂoﬂ/(.] o%_o_ o:b\)-d: ]1:]— 1% 10(c)
2} 10(d)9] 3= i ZRe] sle B o
e WA A a2 el

i m

29 1009 G4 Aol sl 4718 22 5
B WP e A o ola
itk elw 2d 10hE BE HEe 274 A
Ag fell EEn 2L dAelch =3 a¥
10b)-(d)e] BFEe ETdT zHeld oA
VR W PRl W U 2e 47 o
2 109 Wk‘ioﬂ EH%M A o|xiste) 93t o]l
oAke- ] ojAko @ 3}e] Avanindra®] HpH¥o
2 34 24 @—‘4‘ gt Ak e A
BT AR ddEE 2oErk 28 115} 12014
B Aersl ubH-e Avanindrag] el uvldle] 3
Ag e TRt Qe I5F vo 4 oA
o ARgle] d 2AS M o H Yok S
& & ek

theR Alljkd WYl 3" HAE
RMSE(root mean square error
o] wpfle) A5gal wimaiglrk Mok A=
ue}l zko} Avanindra®] WRHE #AUETF w2 2
UE Faiel g #A el Hg H4 24 v
Holth PDA sMiEtE B3 AL BF 34
2AUE Folel 92 ke ge) 74 el
G W] el A olUskE Fas 17
28] ojzl <t o] Ay FAkde] vEhA] @
< 47} sk mebx] Ak W9 Avanindral]
Fyste) AT A% vIEE 931 Avanindrao)
el iRk o1 ddeR AN olalstel E3A
& oAlEel 2% 278K FRe] oAl AE AR
shick el Aokd W= Ay olAlsle) 2%
Aot 5L olxlstel] ofgt Aok Wiy o %)

53

FIO o

33

o

1235



o

7 & 283 =74 '03-12 Vol.28 No.12C
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Table 2. RMSE performances of Avanindra’s method and the proposed method.

r Type of Surrounding Avanindra Proposed
business card | condition with GB with BAB with GB with BAB
Good 13.48° 12.69° 15.96° 0.32°
Ordinary
1 13.64° 15.60° 14.04° 0.34°
Good 14.75° 15.66° 12.84° 0.42°
Special
1 18.13° 15.74° 1291° 0.60°
Total 15.11° 14.98° 13.99° 0.43°
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Fig. 13. An input business card image and its skew-corrected image on the PDA: (a) input image and (b)

skew-corrected image.
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