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Extraction of String Obstacle Regions for Image Restoration
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Fig.1 4th feature of an occluding region.
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Fig.2 Voting process (a) Voting on a focusing pixel.
(b) Relations between points on the circle and
the location of a focusing pixel.
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Fig.3 Voting model when a focusing pixel is on the
occluding region. (t < %)
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Fig.4 Voting model when a focusing pixel is in oc-
cluded regions. (t > %)
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Fig.5 Plot of v against ¢ as 71 varies. (w = 20,a =
255,b = 0)
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Fig.6 Plot of v against ¢ as the image is blurred
by Gaussian with ¢. (w = 20,a = 255,b =
0,71 = 25)
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Fig.7 A case that the contrast between the occlud-
ing region and backgrounds changes (a) an ex-
ample with occluding regions in gray. (b) pos-
itive voting in white, negative in black, and 0
in gray. (c) signs of voting after sign selection.
positive voting in white and 0 in gray.

WPICADAATEED I Y b5 A MDAk D&KL 2
D, 2MELEIToCOHMT A L IZEETH S, L
7eiSo TRET HHEEER, ENVEEORICHRT
BITORESHA/NSIVEEZRISF L TEARITH S L
25,

2.4 BEEOHFSOHF

RIEICH~R72E 912, X (1) TERL-KERER,
EE@%&%@Mi@U%@j/F7XF@%%Li
0, BEPELTAH. THLENCEB AT 572
HOFFTHBL, UTOL) ZHELH 5.

BIZ IR 7 (a) D & D %, EANVGEHEEEREED
IV T A POBEBRPENT HEHREEZERZS. K7 (a)
@Liﬁ@ﬁ«w%ﬁtf , BROBE L) FEW

, WEEIXIEE 2 5. Li)‘L TS TIHEAN
ﬁﬁ@ﬁﬁ@ﬁ#*ﬁlb%ﬁ<&b REEIHL
kb,

L7255 T, ENVEBREOBMEOHREEIKE
%% EHITHIE, ENVEREERERO T Y b
FAMIBLT, FEEILIEL2FEOREER
HOWBLERH B, ZD72DI12IF, W«m%ﬁ@ﬁﬁ
MWERFIROME L ) KE WG TIRIEORE
w,ﬁkﬁ«mﬁﬁ@ﬁ?#“?%ﬁ@ﬁﬁib¢
W TIZBEOREEX Hniid v,

HMICHEGEATRESEOMMTHEL &£ 57217 Tk
FRROMERBRTE 2V, FlIDENVEE EO
ZENEOHE, FORMOEREE TEIRERITIA
WS, MEE LB L, ME LR ENEEREL
DEEEDIEE D, EANVEHBE EREE L OFE
BOEMNWNSL o TLE)., £TTC, ENVEEE

2319

NI | -El ectronic Library Service



The Institute of Electronics, Information and Conmuni cation Engi neers

EFIEREEF R IEE 2006/10 Vol. J89-D No. 10

TREFEEOMTELIY, EREHTREREELH
#9456 LI BT 5.

e, HHEZRLZ O LT 5 RATHEEA
DIEHREAVS. AEHI TRz L) 12, ENCFEEO
FEEE, BLoBERHEBEOREREICHRT, 20
MAMEIRRE W, L2 TI TR, HAFEHEE
(x,y) & HOET B (2r + 1) x (2rm + 1) DT
FHEE R(z,y) ATHSENRRE 25 EEDF
W, TOBMEHLIFFTHEETSH, TOEL
1D, FOMBEOHEZEDEROET LR LY
A2, FOBEIERERLEICHL L L THRERES

8 REEvDIIRDTFY g DFtE
Fig.8 Computing average of gradients g of v.

06:‘5‘%). :@&}Lﬂ iﬁﬁf%éﬂé. Té%ﬁﬁm%ﬁiﬁwc ?%J:_@ ik/\/(‘.’, iﬂ
(m",y") = argmax |v(m/,y')| (12) Ze.
(e",y")eR(z,y) bbb, BFAEBAOHREED Z ) EDOFH%E

SETL L, FEHBEEIESNWEBMNEICH A
(xw¢{wmwmim@wmmrammwww) FOMEITKE L LS, BEERLICH LEAITNE

0, otherwise A, ZZTZOWEZFHLT, #ANWEEEO
(13) WHEOEERAHE b 55 o RIILE % 5%
) %wfﬁi
?_C“C“sgn(:v) 6ix®f§%%k%]§§§f{fi)% iT (.’B y)%*bt?%#ﬁ:’f@ VD)EJ'F)TF%E

B 7 (a) I3 2 EMHOSEE 2 AR LT WW@&E:5%®$wg@y) .
bONRT (b) ThbH. ShICEROMEE1TS &, ’

T()DEHT%D. LEOMEIZLY, HEAGHE Z Z

WEOHBESIIAEXL, FEEKLOBESII/NEL 2 0<r<ry 0<6<2m

B I EDEDD. |[Vo(xz + recosb,y + rosinf)| (14)
3. BEENHRA S EAVREEEOHME I 2T N, BEFHEROERTH L. Bk LzED

12, SOHEI ) ENVY g 1HENCHRBEOBETK
233 THRNLLD 12, BRAENCEALD g LrtioT, coRmE BT g(o,y) T
bROASVIED, BREFADORREEEEN  pwg ooy) ¢EAMITT 5L T, EACERE
AHEIE, ENCERETREREOERROED  ppeeima) V(g y) 28D EFTES, O
AECEoTLED. TTRETE, MRTROL by qamise Mo &5 s 5.
BREEDI) L, ENVEE EORES 2 HEHFE T HUH
EA, RO 5. J[v -9 dudy—o (15)

3.1 HHRRESDOHTE )
Huii«cf;‘k@f:&gici \}#’\V‘ﬁﬁfkji'(\‘ ij(g f:f\_; L, ﬁ%iﬂi%@m@b:fﬁ‘%ﬁ%:%{[ﬁ?% t{ﬁ%b,

(D, EANCEEHAEOB B TS n,  DTOL) BHRGRMFELTS.

CRRAS b% REEDZ ;) fLoRE S i, A GEIE S //(VJDQ + Vy2) dCEdy =0 (16)
BWERFHOBRAETKREL 2D, $77 2.1 OEM

(1) ZHTE, SEAVHE L FRERO 2 KD RE K (16), (15) &0, 77V V2 FH N 2HNT

EFFTHWICAEL TS LT 5.
ZIT, K8 ITRT LT, EAVEIK OB E
WWHEH L&, 2OBEFRLFLET 5 RFATHERRN BELN, BEHIIR
Zid, BNV S B REROER OB RIS <
HEINDH. FNCHLT, FERERLOEEREHLE / H(V) dzxdy (18)

H(V) = (V —vg)* + AV + V) (17)

2320

NI | -El ectronic Library Service



The Institute of Electronics,

WL/ EREGETO-OD DS RlENWEIH O

I nformation and Conmuni cati on Engi neers

(a) (b) © (@)

9 2fEfbE 7Y ¥ RBEER (a) REE (b) WA
NIHEE (c)2 ELRIEHER (d) TN ¥ 70
12 & /B % B2 L 7B ISR AR I
Fig.9 Example of binarization and labeling process
of the enhanced vote (a) original image. (b)
enhanced voting. (c¢) binarized voting. (d)
small regions are removed after labeling.
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Fig.10 Extraction of the occluding regions (a) calcu-
lating the intensity difference between both
side of the occluding regions. (b) an extrac-
tion result.
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(a) Extracted occluding regions. (b) In-
painting occluding regions. (c¢) Interpolated

Fig. 11

result.
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Fig.12 Experiment 1 (a) background. (b) occluded
image. (c) difference image S. (d) extracted
occluding regions T'.
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Fig.13 Plot of false positive rate (horizontal) versus false negative rate (vertical)
of occlusion detection as parameters change (a) r1 = 5,10, 15, 20,25 (b)
7y = 2,4,6,8,10,12,14 (c) A = 0.5,1.0,1.5,2.0,2.5 (d) thpix = 0.001 ~
0.010 (the other parameters are fixed as r1 = 15,72 = 4,73 = 2,A =
1, thpin = 0.005, thqiss = 100, tharea = 100) (e) extaction results for 189

occluding images.
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Fig.14 wv as r; changes. (darker is larger value)

BTHHREENARELR-oTLEY, REEDOF
FIMEIZBNT, EROENVEBOREENHEIN
TLEHIHA #26675\%’(?)5 M 13(a) 75 b
AN E VAT RRIBEIE 2 AERPR SN,
ri > 15 = 3w U\J:“C BRERELN Vv, PEFIXT
EBLZVNECHEDERIE IR PPN E N0, AN
EHOIEw I LT r =3w i EMETHEE V5D,
7vm M 8 1ZRY &) AHSENCEIREED X
WCERETIUEE L, RELTHEANVEBTIER
W%ﬁ@&ﬁﬁ@%ﬁ%iifLiO(IIS§KL
F7:80 13(b) 225 1F, re FRE LT AHIZONTHKR
HEPRELRDI LGP D, MOERBEZRD?S b
2w > 2r > wEETBEVWERPBELNTVE 2D,
ZITWEreo=4%75%.
BB D/NT A =5 ThDH AL, RE{THEE
ZEMFELPICR DT ELD, A =05~ 2.0 TidH

AR ICEH T YV EEEE 2 2 (M 13 (c) kU

K 16) 720, A=1.0 &7 5. MEBEEZD/IT X —
¥y b thag 13, K12 DX ) ICERICKEREEE
BB OEBO L VIEAICIHIILACERIIEERS 2
Wi, r3 =2, thag = 100 IZEE L7z, F7/h

L B
4
[ W

:::::

1"222 7"2:4 T2:8 T2=12

15 7o ZBILEELED g (BVIZEERREW)

Fig. 15 g as ro changes. (darker is larger value)

A=0.5 A=1.0 A=15 A=20

16 A BELEELEEZDOV (BWIFEERKRKEN)
Fig.16 V as X changes. (darker is larger value)

SEINERERED L X \WE tharea 1, BEIRFOENNEE
BUCHRTREL, PV EEBZBRETHDICT
57 MEE LT thares = 100 IZEE L 72,

S RICRDORELFERY G 5T A —F1F, #
FHZE V O 2MELD L & WM thyy, TH5. K13 (d)
Z thein % 0.001 7205 0.01 T 0.001 Z|ATEL S
el EOMBBELY, /K 17 IS T A
BERT (ZZTIRV =255%1.0ICEHILL T 218
L TWD) . thyn DWhEWE, ENWEBLSN T
WEDKE VISV SN TEBREENIKRE (LD,
T thpin WREIVERBHENIE 2 5. E 13(d)
PHLFHB LI OEBEOBEIZIE 0.005 FREAH
B TH A, ENPRETRLEDOI Y FFA S
FIREDES, MOBEETHEY2MEEEIEFLN

2323

NI | -El ectronic Library Service



The Institute of Electronics, Information and Conmuni cation Engi neers

BT 1EHEE F A CEE 2006/10 Vol. J89-D No. 10

. n , }
DA
I: ‘y .;‘! ‘/ 1 \I/ ;/
I N._ SONETE TR TR T o
0.002 0.003 0.004 0.005

0.006 0.007 0.010 0.020

17 thyin ¥ EL SR & & OBE OB
Fig. 17 Candidate regions extracted as thy;, changes.
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Fig.18 Experiment 2 (a) original image. (b) vot-
ing. (c) extraction result. (d) interpo-
lated image. The width and the parame-
ters are (w,r1,72,73): (from top to bottom)
(7,21,4,2), (5,15,4,2), (4,12,3,2), (2,6,2,1),
(2~12,36,7,2) (2,6,2,1). (the other pa-
rameters are fixed as A = 1,thpyy =
0.005, thaifr = 100, tharea = 100)
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Fig.19 Comparison with binarization and segmenta-
tion (a)(d) original images. (b)(e) binarized
images. (c)(f) extraction with segmentation.
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