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On the Elimination of Noise in Images by using
the Concept of a Loose Neighborhood

Hiroshi IMURA Masayoshi EGUCHI Yasushi Fuwa
Yatsuka NAKAMURA

In this study, we defined the concept of a Formal Topology by extending the ideas of
Finite Topology used as a geometry for discrete spaces. We also defined such concepts as
boundaries, closures, interiors, isolated points, and connectedness for Formal Topological
Spaces and applied them to the work of image processing. As a result, the mathematical
nature of more complicated image processings were clarified.

The detection of images such as flaws on a hard disk is difficult with conventional
image processing techniques because such images may appear as disconnected points
cmbedded in noise. By defining the concept of a loose neighborhood for describing
the adjacency relationships of disconnected points in a formal topological space, we
performed the detection of flaws on an actual hard disk and verified the effectiveness of

these concepts.
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By, FIT, BEOLITTEOHOEET I v /- Finite Topology ¥ 23 LT, 0
BEEMEEZ L, O LB ME T EEBIC A 2 T E xR LAzdd,

Finite Topology Tid & HOMHEE 1 DL PEZ T iV, Z0720, SHEOBEER
FRBCEZ TABLZI IR 62V E S ZEEHELEICN LT, F0ouE2ERTS
EBBII 2o TLTFOWEFNZHENG P >2TLES. #2°C, KL TIEE
BoEmx FRNCE Z 5 2 EASTE 5B £ 912, Finite Topology % #43% L Formal Topology
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D I AAXDFIEOINZ DD R -TLE D). Lad, BEEMEZhCRoTws
TDEHII AR N BENILR N O S L BN CRIET S Z LIIREETH o7,
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2. Formal Topology & E[{4LIE

2.1 Formal Topology D3 &iLfE

XZ—HOKEL LIH, XOHH ¢ TN L XOHTEREE U(z) PEE > T 5B,
(X,U) % Formal Topological Space L E#HTH. TDEE, Uz) 2HEDE (base of
neighbourhoods) LR, U(z) DEFRTH B X OG- HET o O EITA,

W TH Tl o OEFICET S Hd o L BB H D & 47 5. Formal Topology ¢
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L0V, B 1-(1) @5 sEEPH 1-Q) 09 FEHRETH LY, R 1-4) DL HIESE
BEETRVL)REER, B 1-6) 0L ) IlHh izl dobEZONE. &
D& %9 BEEUND ZPEBIIETLIEE, JoOEe s L IfEs,

U(z) 37272 1 DD S0 672 55, Finite Topological Space &7 53,

%7z, U(z) PERBEORGEET, 2D, RO I OOEMIHRY L0, PR oA
¥ CHFge 8 LTV 5 General Topological Space & %2 5.

1.Vz€X; VU(z) elU(z); 2 € U(x) (ZOHEF filled EFEER, )
2. Y Uy(z), Us(z) € U(z); 3 Us(z) € Ulz); ( Us(z) C Us(z) NUa(z) )

3. Vz e X; VUi{x) €eU(z); 3 Usz) € Ulz);
Yy e Ua(z); 3 Us(y) € Uly); Usly) C Ui(z)

Ul(:c
Uy 2)
2(z) 4 3(y)
Us(z) '
M2 &2 OMAN B3 %43 OMaR

Z P & 317, Formal Topological Space IXEERBYZEM D #AT %Cd % Finite Topology
AR OBMECTH S General Topology ¥ BET BB LRMHENTH L, 20
7w, ERZEMEMRVEROLELLIIANIET A ENFTELHWMETMPET LI EHT
X5,

2.2 Formal Topology (- &F 2

AT ¢id Formal Topological Space 2BV THi4 22T B3 L, HELE L oXIET
AL, ZORFHEEEZHELPICTS.

Definition 2.1 5 (Boundary) X D546 A D8R (boundary) A% &13,
A% = {z:Y U(z) eU(z); Ulz)NA# ¢ and Ulz) N A # ¢}
LEFEEND.

B 1-(1) TRT 5 BB BB U(r) = {UB)(2)) KOoWTHER A%% ko 3
L, 4 0B LT 5 2605, ZThiud, FETECIE TBBoHM ]| $EEh
BMEEEZ NG,
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Fiz, K6 CRTHE M, 2003 BT MAGhE, EEOEU(z) = {Ui(2), Us(z),
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[l lq rl I.I r || v l. 1 :.. l.;
I '] r ! IR ' ;‘i
s ) [ [ s ) [ 2
: l '] 'Il .l' : l 5 Ill .ll
l'l :'l ' 'l. ';-l- l'. |’| ' ". !'l-
= = e a .
BT 3 AAEREIT & ABER K8 g—-F—x
Theorem 2.1 U(z) = {U1(z), Us(z), -+ ,Un(z)} DH,
A8<L{> — ﬂ A8<U.'>
i=1,n

7272, U UE) OFREZETEREBEOR U = {U(z)} ETH2ETHE. F7-, AR
fBC7% BT U(@) = {Ua(@)}aer D & EITH,

Aa<u> - ﬂ A8<ua>
aEA

DY LD,

T3, EBOEIETARESEEED AWML, ToRBERICLAEBORRE, £
NENDEBIZOVTOEROLEH ML L L2 FHRT S, ZOFEHIZL o T Formal
Topology DHLH % Finite Topology DFER THITHZ L TE LI L >TLE ).

Definition 2.2 B (Closure) A OB (closure) A® 13,
Ab={z:V U(z) €eU); U@)NA+#p}
EERIND.

EfEo#FEE UTR 1-(1) ORT 5 RLBEE AV TU @) = {U2)} Ko THE Ab% kK
HHE, K4oEZIIHLTR I 2ESNE,. Zhi, EEIYcE [BER] LEfhs
WITH D,

Definition 2.3 MAE S (Interior) A DA EEE (interior) A' 13,
Al ={z:3U(z) € U(z); U(z) C A}

EEREIND.
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Ko sxrfBFicisla B 10 58Itk sHMEES

SO UE) = {US(2)} RV THEHES ARk 5 &, /4 OEEIH L TR 10 4
BoNA, I [IGE] LI METH 2,

Theorem 2.2 U(z) = {U1(z), Us(z), -~ ,Un(z)} D,
Ab<l/1> — ﬂ Ab<ui>
=1,

Az?<L1> — U Ai<le.‘>

i=1,-,n

2L, U U@) DEBERIEEEBEOREU = {Ui(x)} £ETHIETH 5.

PHT (B2 WEELHEASLET) BOMBETR ) ZEPTELY, 2LC, T
BORDEELERX LI EL Lo TRIBTA2BOMBEER LI LN TES.

BIZIE, ATH0ICERL-GERET210E, B 11 GRTEEZH T U@) =
{U1(z), Ua(z), -, Ug(x)} ZEHOREETHIHEEHRVELRDL I EICLoTITR . &
DEBIETHOR DN o TnEIEEERT LY~V 2807200 T, BTN
ORPoTVWELRBERBTEIENTESL, ATHNIEOENT o TRV D DI
HEDPLE) RPN T R ET7% ) HERBORESICL o THRD 275, REBICH
FHRoTHIUTE T OGBS 5 L HMT 5. WHEEZHRIETERBIZEALANE
{oTLEY)., BULRBRLEAEDELE, /A ARBRESNERHTVNEL RS
HVEIIHRET L ENTEL.

Definition 2.4 3R (Isolated Points) A DI HEE (a set of isolated points) A
1%,
A={z:ceAand B U(z) e Uz); (Ux)\{z}h)NA=¢}

EEREND.
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AL, MEOEBIMOBEENREIN TRV EDEKRL, BTz [ /74X
LS. 22T,
A" = A\ A®

EEHFTHE, A2 AXgE] ORI A,
Definition 2.5 EHEE AR (Connected Set) A ¥ (connected) &1,

VBCX;VCCX; A=BUC, B#¢, C#¢, BNC=¢
—B'NC#¢por C°NB+#¢

LEFKIND.
IhiE, REFEFLTVWLILERL T,
Theorem 2.3 X747 filled symmetric finite topological space T, A DEHZIHROE;,
A7 connected & Yo €A; (- (({z}PNA)PnAP...)*D4
CoEBIL, WHEES T RTTATEE SR 5.
T/, D LOBEITBWTHRY) LOMA RREMIEEZRTE L. 2L 213,
1. ((A9))° = Ab

2. ((Ac)b)c = At
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3. ACB= A'C B, A'C B®
4. X% filled DEE, AT C A, AC AP

C AP =40 (A9 = (A7)0 = AP n(af)e = AP\ A
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£ & Formal Topology DGV H Y TH 5 Z D505,

4. FLH
Finite Topology Z#HE L, HiZeM & BEMWEMOEHE 51 /B TAH I EMNTE L

fij# & L T Formal Topology # %8 L7z, ZLC, [8R, [Wal, TBa], DlETE) 2
ErEsgl, HELEEoWIGERL, TORFENLTEEYHEO M L.
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