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Fig. I.1 Feedback control with image processing
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SHEBERRLTVIERORNTORDODOVEEROHAD LS Iz,
IS & bs A OEK THRED Mo TWD (8 RW& DM S
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(b) 8-connected pixel's value is at least 0

-

'Y: f§$sg§

DN

\ i

(c) 8-connected pixel's value is at least 1

N Fixei
Ny Pixel to be not removed

| Pixel to be removed

:,, - § Sample plxe]

. Isolated pixel

Fig. 1.1 Qualified conditions for removing pixels
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BROLBIROBIEFRENHZENLEERTTS.
FlEEMG BEEEOKE, EEMEEKRL THBIELLN.

1.2.2 FHEOHE
ERUeRfob s THRTRZEREZHKRLTNLS &, BIEHIC
BT ERTREORERLICIDETERNRS. COR- EREK
ABZERESDTHFHROEREZRDZ ZENTES (Fig. 1.2) . A
TREERETENTE 2B, ANTFRICOV THECELLE
BEGHRERDET LT, MTROKEE AT BT LN
c&3.

&
000

Pixel left in the object

Fig. 1.2 Pixels left after contraction method
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LALKFBROBRDOKRERBEITIE, ER2DOKTFROERD IZ
HLUTHBLEZERMIDULAGSNZW (Fig. 1.3) BEDORREMNZ
DFEICWEDD. o TEDEIBERVEHNGS NI NGNER W
BEBEZ .

(a) correct recognition

(b) erroneous recognition

Fig. 1.3 Erroneous recognition of objects
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1.3.1 FEOH8
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5 EREHBEEMALTEREFT BT NTY CLEMRLE. £F,
FEHRIHL T 74 NI —Z2AWTEEANREZRD 3. BREHEICH
Uy A ERILBEAROKENETTHBLNIBANS, REoET 4
WI—HODRENHSONSIEIC, BEREOERFLL T—EROEH
KZEXR. RIERWBEBEHERICOWTXEE, YEE, TOEORENT
BENBAOPLEREE, TORBDIDDNRT A— Y EHDUTS, Z
hB@Nﬁx—&ww%ﬁéﬁﬁbTB%,uTtﬁ&éﬁEK;vT’
ZONRTA— 5 EBREFHTS. WHRLEKAO BLEEOTH 1 E R
BRObDE, A—OMERAL, BLOKMTFERBLE.

1.3.2 BRBLSOMYBHLEIDDONRSA-SDONBBEOEIYNT
BAROROHLBUTOLS BAFETHTARS.
(WABFEEZRET S0, BELTWARTHOT R (QUEL &
WEBOBOEE) Z2HERTS. ZOLDREHKOBEZ M4, T
BMi2fEfbl, BEI1ZNTHR BEZEREHEILTEELTVS
RNTFRICHBTI2REIOERSEREZRY. TOHEGERICNL, B
RAEZ2ETRY, BONLEEEEZEBL TWAKRTFHEDOT X
2ET 5.

()Y A7 EHBAT, RobinsonDFARL —F*Y 2 HWEHEGKR DB EL K
DR EEEFET 3.
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CHENEDOREVEICKERERUEL, ThSOEERBANET S,
BULELEBRRAP(SISKIIHNL, ROLSISAENST A—F 38D
T3,

(1) (xp5, yp): RP.DXYEEM[
(2) (Cx,,, Cy,): RPORBNEREIND MO0 EEE
(3) Ap;: HRO= A,.=1)

b BEEE DR HIE (Cx, ), Cy, ) ERDE S IChET S,

(DFig. 1.4ZBNT, XTHTRINERBEOPLSEHRP 28
BRETS. ERP LSEETORNS>TNAER (P) WEL, B
P, EDIERIHTRONBE OBEHRBEP, 2, BWEIRD K
MEVRERPITE VWP ZROEBERETE. ZOBAEZIE®RD K
L, BENRP, PP P TEINEERERZBBREREL, W
RP,2HB5.

QFBROREEROEL, P 28BS,

Fig. 1.4 Linkage of edge pixels
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(HEHEP, P, P, RA—HABLECHZERRL, AP PP, D2%}R
OHFBICHOFLEDZbOEHRDS. (Fig. 1.52R)
HERP, TO-HREZHEL, EOMNWME, CZRATRET 3.

o _(d+ d,) 1
g 2 x 2|sin(9/2)| (1.1)

di

Pi

0
f Pi

(J (Cx'5, Cyp)

Pixel

() [Initial point of center

Fig. 1.5 Determining initial point of center

-18-



BIE

Eq(1.)TREL ¥ BIH L THEHRPVRETSHRIL, EHEPIKS
JOBMENROHMNEICHPTEEEZS.

Mag(R)
xD = {Max{Mag(p)} it 1, <r" <0,

0 otherwise (1.2)

Z Z TMag(P)RERP ORELBEIE, r,,., r.., /& EERPIVBREITZH
DEEOYHME,, " OHFBEWHET HRBICHGA 5.

1.3.3 YIRS A—SEOERH
WEBERP.(, HEBERP,G, DIKEBLAELE, HERNBERITSHO
FLEBOBNOBERZRTHE (EERK) R, 2RATEHTS.

P,

Rp =1~ (1.3)

ZZTD 2D OO RORERD,, c T AMETH 0, KBNS
FROELENSRET S.

RICBIRP (i, pBEUPG, H P H—HOMEEICRES 2 THEEZ X
RTEET 3.

R,, xcosa, if cosa>0
pu— L
RPP -

ity

0 ~ otherwise (1.4)

HEPVRETSHOP.LEEREZO,(Cx,, Cy,) ¥B%2r. t75. £
ERPARET 5 HOHPLEEEO,(Cx,, Cy,), ¥BER,ETE. 0
EEr,=r, ERB EDCHEE LEKEO, (Cx'yy, Oy ,)ETBE, D32

RO, 0,001 —r Uy REMEZET. (Fig. 1.62H)
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Dy, =, ~Cx, ) = (Co, ~C3s ) (1.5)
E# P, & EHP BA—FOAELIC S5 EED,, ~0mDR,, =1£725.
D, 2D, ER D EZFEQ(U)NHIRALRYD, BHEEPG, HBLY
Pi, DIZA—MAAELTIIRELBZVWERZINS.

J€E— 01(Cxp,;, C ;)

I

’
| <— Ip,
1

PG, H L] <— O(Cxp;, Cyp;)

< Ip,

Fig. 1.6 Physical meaning of coefficient Dpip;

RIZEQ.(1.4) TROEICH L THEREL 2N EEERNTES
T35,
Orp =ApRpp | (1.6)
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0, ZHMELLTEX, RBREBRTILEROANT, KX TERX
NOEREGICETS, A—RBBREBRTIRRNSIBEEVEEZ A
WTNTA-FOEHZFTRD. TOLEEZPIBIBEETS.

=18 @, > 00} (1.7)

EQ(1.N) TRVEINEEAROREIEME ST, PLEECx,, Cy,)E
FELERATEH TS, 0 ERKBOFEEHNTHBREL =,

EZQL”DCdﬁ”
(+1) _jeJ
CxPi Z QPP ( 1 . 8)
jeJ
ZZQLP (h
(+1) _JeJ ____ ~ )
R Y | a9
jeJ
ZQPP 5
I‘(" +) _jeJ '
F E:th (1.10)
jeJ
zZ iP@Eﬁ&@¢@m%@W“Qﬂﬂ E®P OEHA D

(xp 874 )c‘:wﬁﬁﬁﬁéib 1=1,2,3TH 5. |
BEERP ICHL TR S NAE ERENDNBNIEE, EHFINP,
DEIBEENS B EEX, BERRL, 2R TEST 5.

Min{l,Max(O, N - 11)} if r,<rs<r

th —

(1, +1) -
-AP" (1.11)

0 otherwise

EEUN BEYITER D,
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Egs. (1.3)-(1.12)THEABNEZATF Y T2 B VDEL, BEWBROP.L E
B, %, FOHEREREZEFRITS. TELTRATERL ZERRP)N
FTRTODP(i=1,2, , K)IZDVNTO.2BAFicAR o2& &, DERLZEHE
T35,

ERR(R) - |Cxter ) — Cx)| + eyl - o] (1.12)
Eqs.(1.8),(1.9) &> TRE - 2L BRERTXTDOP(i=1,2,10)
T—HTBAERITTHS. LMALTFT4 PHINELICXDIREDRED,
Eqs.(1.8),(1.9) TR OEHPLEREESRFLETRELEPFLEREIR
BFELDH—H LA, T THLEZEMOERY—Epixels LATH %
bOERE—KRTFRTHDERRT.

1.3.4 FEOFM

BRINEFER, REAROENBATFROBEBEASEL <RES
RWEES, BTRALOBRVOBENKESBE THo>THEREIC
BOWRBREHZRTY., BRI - 0BRBRICHBHEATEDAR
BHB2. UHLREREERATOMERZ > TS,

(DBBRLAENVHBRIZOVTOBREREZ, WHAICESHEEILTEHE
EREAN

QEBRBRCOVWTREFEZTRSI LD, FAEEMANND, §E
BOAETY—bARICLEELTS.

(HIZDNVTIE, R, BRAEOBRZ EDOXSICL THEEGHREEL
TEREITANEVWSHEETHY, LFT7INVIUXLZRFLAEW
ENRTA—FOENELBVFERBICHEBEZRIZT.

QRDODVTR7TMEOKRTHRERRT D LE, DLEEEIFEOMEDOE
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BE

FORBEIRKDEISBELEL TS (HP21122 2O VFEAK) . 20
EHOERAN—RUVIT7RZEI2EFEL DTN ITYILDOKBR O BENR
HENTWVWSEY, FERAFIUERN—RUIT7 TERGUEBZERT 3
CERXHENDS.

CNSOHEEANMNS, KES, ¥, BERONI - RELLT IR TFHE
B\, POERBICZEONFHRZABLZTNERSBAWTIE Ok
ZAADHEARPZVBELVWEEISND. ZASOEBOEDEANA
BEICN L TIFEAERAIN TRV,

1.4 HASGDLEMNFRICLXDIERYE > FHROIH

1.4.1 FEOHR |

AMS OB TRALORANMA LS HEEAALT, B
ROB-OENTRALORBFEEZRELE. ETHTFROBEHRLD
NERMMELEDAMEAZRET S, RKICRHEINZLTOMAE R
FRATOREERARLELE, EA5N52TOAOMAEDLEE D
ZHREEETHEL, BROMISDEERR. ZOFHERD VTR
T5. |

Fig. 1.7BWVWTHTHROBHFR ELOBEXP,, LP, NEHEP LTHE
NAE®, ¢vEXBRTVWSET 5. BHP P, N &WE NTH)
ESERVEE, PRZDOOMTFROTA (MA) LR35, BT
FAUHNVERERBRBTECENIRMMBLRE LTREINS D
T, COLIRRDEREANEDBERASLVHORENBRELRS.
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line Pi-kPi+x'

Concave point
Pi

Fig. 1.7 Concave point between pixels
Pix and Pi+x

2DDNTROSBEEZRXTERTS.

dc
D"r,+r2 (1.13)

I Td 32N TFOPLERBOERT, r, nBZD0KNTROERZERT.
DEZES>T2OOMFROEZDOEBERZRTIENTES. (Fig.
1.8 M)

QERICERBD L Z DSS'-%;—Z—I (1.14)
(LT ERD &= %SDKI (1.15)
(OBETHLELE D, = (1.16)
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dcSra-n

- (a) Overlapped perfectly

dc=ra+r1

\/

(b) Overlapped partially

dc=ra4ri

(c) Contact with one point

Fig. 1.8 Variety of overlapping
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ERITIID ERDBZEVELVWOT, KRSLHOREELLVTRAT
EHEND I 2BALE. IBKREVEEDBRECRS.

I=(r+n) D! (1) (1.17)
IRBEBICREROFEETRDS5NS. Fig. 1.78WT
Uﬁ?:ﬂmmkb,ﬁ%ﬁh&@ﬁﬁ(kﬂmxﬁﬁ%k)%*b%.
Qk'BEEL, BEBHBLEOER (> max T2 5k 2R S.
3)FME(1), ()% | (=P, ,P,,) BEELRIBBZETRDET.

1.4.2 KNFRORDH
MOEEE m, THOBKE nEL, A (XR) OMEBR - TH
LT3 ZOELEMOBEHREREKOBITRANKILT S,
m<n<2Am-1), m22 (1.18)
FE1DODOKFRORBBEHNK BOEE (P (x,, y) k=1, 2, K} TH
RENTVWBHDETS. ZDEE

K

2&n-af+br¢j—”} — min (1.19)

k=1

ERBEIICHDELE (¢, c) EFBrEERDSD. ZDLE, nHOR
B2l Tn BOARAEEINS. men DEEFRHFOSNZAOPLEF
BIZDOWTYSAFY VY (AR LEERBITERDOENDOEH
—DOHERRT) 270, mEBOHZRET .
Eqajmfﬁiot,ro@ﬂitﬁ@&@ﬂ@ﬁ&ébﬁéﬁ%%
ERER. Z0&E, HOBMEERR 26> TABROFMEZTRD.
ER‘ Y PR

_ SeNS,
*  max{S,, S,} (1.21)



B

CZTSIERE (2MFHR) OHME, sEE2EBHOAFEH,
S,NSEEHTLHEERT.
Eq(12)DENBITRENELICERS 2D, IKBVIEVWREBERZER
RET 5.

MZAOEBDOERELTS. R, (m) RHOBEE m OBAEORRE
OEEEHEE, R, B TRTOmKOVWTORRROEHEERLL,
o BHETELIHHMEEROTREELTS. Z0LE, EBROFFETE
BROLDIICELEDENS.

(WA OEEK D LREME, XK (8) OEBOLREZELICE5Z 5.

QBRXRRTHITSNERWERICONT, 125HET 5.

G)HHA (m=0) ELETZLLL, RATHUISNEREEDD B
BHERZHDE—DRY, Eq(LL1INEMH->TRERZ4ERTE. 20
EEOHBMERELZRBER (R, =R, (0) OHMEELTS,

OBRBROEHREBEHEES, BETE>2EAREEROTRELDVAZL
(R,'Za) 2, BEVIIMAOEKNEOLEE (m=M) 2SS LI}
NIRRT TS. TOLELEDR, 2 ORBENBRE LR S.
SHEZHEESRBRINEHOBEZ1ZFTHEPL (n=m+1) , XROD
BEHOBIZFELLSRE (n=m) LT, FE S)~NrL.

(5)Eq.(1.18)A8hR 3L (m<1+g) THhiE, R, = max{R,, R_(m)}& L

TANRD. RALLRTHE, KRS LU ZOFERE | O XKZWE
KnORRZRBUOREBERZERL, R, ZEIHTS.
R,.(m)=max{R,,(m), R,,} EL, ZMOKEIEFHEPL (n=n+l)
FIEGS)ZRDET.
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1.4.3 FEOFFM

MASDENFECEPERN A ENTROBRFEOHHIIRO
EokcEEH5ns,

(D#RDE LB, & i L CERMTHETE 5.

QR TREBBNE VRS, BRTERVRTNTTL 3.

HEBDDONRY—HRBEINTVS

(HIZD2NTIZ, HOEKMBEOELRVEAKIIHLT, BVELER
KEDFHELBINERKE, HERMINLORTELTERTS L
D6 IDBEELE., —HFRVBELREIRE 5 FHETRFTERENS
LDEEEL, #EOVaIRABYsNE L BEIATNS Y.
Eq.(1.18) TRINAEZLIK, ERVEGH>ZHOXROBERIAOBEERD
MEEDABNZEEHALT, REROROLRIBXTRTRO—R
DHNOMTHDZERNERTESY, LALIE/OEADELS K
DR T 2 ERRICAEST 3 -0 I3RENS 5.

FERBROFMO L, BACHOBERO LREME, KA (A)
OEKDO LREEZELCRETILENDSD. ZOLDRTOEENE
ET35TETOEAICHUTRRICHBETER Y.

QID2WTIR, FFETRREBEROFEMICEHEEREER (Eq.(1.21)) %
FIALTVWSBA, EBEWNNIBBEFA VI NVERTREAINERT
BOBERE, ABETROLAOERENT 4+ D MEITEIBECE -
TENRKELRDEDTHS. THOARTROKREZILEWIHEE
DEZEIRERTERN.

BHKDVTR, EOEIBHTROBIZD D/~ HEL DD H
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BIE

BRRNVWIETOEAANDKRAICHEEND S. A dFig. 1.90&L 51T
m=3, n=6E72BBENH 5.

arcl

arc2 arc3

O Corner

Fig. 1.9 Double contour lines
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1.5 #E

BROGoRFHEZHNLADODHBODELTRBRTH2D0D, BEDD B
REMLBFHECOVTERLL.

WBICL BHETE, BELTVAREOEZDHTRLAERTE
BN, EEHTROKESV/HEZHPTER L. RERBCL2FE
T, BEERELSRESEVWESEEECEROBVRFHRTHRE
BHNTETHS. LHLZ OFEQHERMANNDBE, 251>
OEANRTERY. MASbEMFEL, KEREC LTSI
BRMELEERT, POASRELVETRICNL THRLRBAEE
5D, LOLKTFROER DAY - HBREINTEY, PROAZS
4 CRBINTERY. COEIREEOFERAS T VHMORLDI
BEEAER-TWS. F2 5 HBOLDICR, SETERERD
RF— EMTEAFICRLT, ERMTABTES I EMNEREINS.
EARRTRINSOREREBRTS-DOFEOHELZRAS.
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$£28 WIRORL

2.1 [IUBHIC

FRTHRRZE S, —RICHTFIRIRRZ E O LB B BRE L
TV bANDST, TOLRTEKOBITICIV DOMDOHEAEE
A TND.

FTHRFHROBAEEVRITZEZ2ETIHE, BREEZR<<TS L
ERRE>TVARVWKTENREENZARE, HTLHBHEFTOLPT
EEGENESNSERBESRN. RI2RTHB TIIR FHRAEERD I &
NEV., LM FROBRIBLTUORELZRLIIBSRWVL. Ihb
DEBIIHERICEISRTEHROBITZBLIL TS,

HHBEOTOAOSK FHE2RR - B/ TIEHIRE, TTHFORTEZ R
», MTFHEERNSEOHMTLENSS. SIS TRNEVHEIH
etg, BERVHORRTFEREZNLAOKNTRELTRSE - HET HSLEN
D, ZO22O0BRBICESENSHLAOBEL2HBREL THD THEE A A
LR D, TOXIKKTEERITE MTFROERNSOEDHL
L, BFBROERVHEOREIIATRHIENTES. FETIRATFH
DEBEMNSDEVHLIZDWTERL, DRHOBHFLVWHEEZRET .
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2.2 MRYVEOEFERHLOSDEVHL

IvPR—RICERBENBRICELTHAMNBEELTESZ NS,
P, EBROEGHICBITIBEENu,)H)TEDODENDEE, BEAIR

(@Y’ +(du/ o))’ (2.1)

NHRELVRESRBRIBEBROELEZILY P ERATVLSY, Zhid®
BI7ANI—ITE BTy PRHEFREIN, TXJ0EHEEEEIES
EIEOT, REABMATANI—2EETES. BRLOBET—%
VRBLEINTWVS &R, AIAXROESIRANEDNS.

A G ol (T N)

o 2Ai
o (g) _ flj+A) - fli.j - &) (2.2)
El 24j

LOEBENSHBELY DIXERZRFED.

—7, NENORBRERRTIHREBEREREFERZLIZTS. &
BT74NEF—TE, BEEZRELTILHRBENYN, MEz /N2 T
ZLMBREIBACINBETNSCAELZFERRTRIABMOHE s E
BMENZWV. LELACEZRERZERARR<BOHT IS CBESR
DHEEZRDDZ EF—RICBLL. 2512, B2HEODREF- IV Y
M5, BREBTHI2RHBREROIVEND 2. ZOEDOMBEEL T
—RICHBEFENRNSNS., LHLHESIEFETRE- ZRBHIT,
ITyVBOREPRICNBIIERERERZD, HORBRE —KT 3
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BB

DESHEDHERBRN. THOXERITR, BT NIy —icEbo
T,%ﬁ?é&ﬁKﬁﬁﬁﬁwzmﬁﬁémwézat%mn
Marr-Hildreth 7 4 )V ¥ — (L FTEM-H7 4V ¥ —¢87) 2HVTEH
%ﬁ@ﬁméﬁa5.

2.3 M-H7 4 WVZ—ICLDBTIBOKRYE

2.3.1 M-H7 4% —

ERZ2RMDT 2ERMEECOEHMBMITHL TO-REEEL, 0-%%
DREZWERE L TRATEIIENTES. LALZOFER I A X
ERHLPTWED, ETHEEFRLEL 28 2AMS 2T I &80,
MarrS5 R, B ABKEERLEOEDICHVEZEICE->T, ABOMA
BEEHHROT -y RBBBRBETIVETESZ L2 RLEY™,

ANEREOER(x, y)DREZf(x, y))ETBE, HYZBWEGK, y)T
FR/IEL ZBifRg(x, »)IRARTEINZ® (QBBBABLEET) .

8(x.y) = G(x.y)® f(x,y) (2.3)
= TTG(s,t)f(x+s, y +t)dsdt (2'4)

FRIEL B R (x, y)) DT TI7LT7 LV IRRRTEEIN DY,

V2g(x,y) = V}{G(x,y)® f(x,y)} (2.5)

={V’G(x.)}® f(x.y) (2.6)
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” {V3G(s,0)f (x +s5,y +1)}dsar 2.7)
ZZT
' az az
Vv? =(—3;2_+§2—) (2.8)
G(s,t) = ! e's‘z'HTz 2.9
RN i (2.9)

FRL— VG(x,y) BH I ZAREDO T T 77 > EREN, Eqs.(2.5),
Q.60 5, ANER f(x, y) EHIAEEK G(x, y) TFRILL Z #2KRH
BEFS CER, ARL—F VG(xy) TANEKf(x, NEBBIAD L
EHETHBY.

ST I N T B LY, Fig. 2.1IXRLELSIKANERLED
HRGHOBEEW,HETHE, HATKR LOERO WEY(.) IR
THEINS.

v(i, j) = ( Z;,{VZG(E,W)}u(i +&,j+1) (2.10)
& n)eA
zZT, |
. &
. aa (2.11)
(%Z&A
G(&n) = 27:102 e | (2.12)

A ABEKGENCEENIHRELERENORERETH S, XA
RL—FOHEAGHEIIRRNTHEZINS.
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A={(En)e +n’ <R} | (2.13)

EYOHREMBER LOTFOT—05, AHAZREY, REZBEFTF
BEFATNS.

u(i+&, j+n)

Operator i
\ V(i, j)
\\ =

// | Density /
] Density

Input Picture | Output Picture

Fig. 2.1 Image data processing using
Marr-Hildreth filter

ERICHIAEBDOS TS5 7 24 ET3E kK255,

2 1 2+ 2 _52*'772
V“G(é,n)=;57(520:7 —l)e 20° (2.14)

ERIcBNWT

R I | (2.15)
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FE

EBERDEDICERTES.

1 (r _r
VZG(r)=F(T‘2—I)e 20° (2.16)

CDEZELRDOTFBRIROLIICRES.

—2o<r<\20 T V*G(&n)<0 (2.17)
r>+20,r<—20 T V*G(En)>0 (2.18)

ViGr)WA (IE) o@\EB2F 7 (F2) HE LR, Eqgs.(2.17),
QIANNEZRBHFAOPTEHOBIF THEABOKREIRNT A—F o 1Tk
BT5. AVIME, TO5 7507 BLUSERORREFig. 2.2
eRLE.

ENBEMDEE, FRL—5 viG(En)iBL TROBFIRIT 5.

§ =
§ ——38

V2G(&,m)dédn =0 (2.19)

TRDS, EXHEIDRE> TVG(ENERDY THIZ, TofMyidos iz
3. ULrLEROEGURIZNEZS>T, BHETF—F2BELLEZ & &,
TANE —TUHEINDIANBERT I 2 ZAFICHBLEZ EM D,
KRBT UHRILL RN,

ZVZG(E,HFO (2.20)

(&:m)ea



;o

ViG(En)+h

_Fig. 2.2 Physical .meaning of operator
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ZZTREARIMELTEELEIC, EBNFTA—FrEAWTEIRL—F
ERMETD.

@@iv““&M+*}=° 2.21)

CDEE, SEBACOWTSLEDTIODEREERTS.

FEs {(En)|Vi6(En)+h<o} (2.22)
F > B {(f,n)leG(é,n)+h>0} (2.23)

F7EEDORESIRA TEBHY EER R <R TRDODI LTS,
R'W3Egs.(2.13), 22D S REFEBEROKESTKEF L, R=cDRE
DA TEBREELDBHE<RS.

2.3.2 BHHOKRL

M-HZAR VL —F TUET S Z &I1X, Egs.(2.5), (2.6)'6‘7T<b7‘:4:5tﬁ
YABBRTERILEINZEHBREZ 2RO THILLEMTHD. EHEZE?2
KBS T HE, BT ORENRRSARCELL T BHLBRITHLT,
HAE& TIR0-XEE24ELSB. MH7 4 V¥ —OHATIR, F>ERO
A &4 7 EROH N EORFR0EREEROEEN, 0-REIHIE
T5. —RIT, 0KEORI > TWBHETIE, 1KBN T4 —Hh
MBRERSTWS. ZhOX, IRBA T NI —OHNEHKEZRE
DM-H7 4 V5 — OHAEROO-TEICHIET 2RRE Z2, ANERIC

BUIBKRTFROBBBEILTRATHIENTES.
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- BRE

ZDEE, Fig. 2.3CRTEICEBGDTLZ ICHANBERIZT 4 NI —
YROEBROBELEFTABE RN LRSS, ThYAMHET 4L —
DHAERIZ, FEROAZILD 74Ny —EE QR) BWNERHE
heEizs.

Input picture

Marr-Hildreth filter

Output picture

Fig. 2.3 Unprocessed area in input picture

Fig. 2. 4iCSHEHBITOMKELEFES (FHRE®R) 257, Zhid
KPIZBT2BEHEMEA (LIX64N) OBBHOBEBRTHS. ZOEHD
FHAT 4V ERA00E R X HESO0HE &, T FRIBEE 22568 PR BIL L
TERLET 4 P NVEREZ 1R ICRLERAZRL ZEKRZFig. 2.5
WWART. UBZOEBEZAWVWS., ECRDASTWIEKHELY D
B TWRVEBBPETENTNS.
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-

Fig. 2.4 Photograph of drops in water
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Fig. 2.5 Digitized picture from negative

\
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() BRBEHHEE (R) OXE

6=2. ATHEELRZES, 20, 40 BLEIVEEEDOM-HT AN FT—DHA
B & T FNFig. 2.6-(a), Fig. 2.6-(b), Fig. 2.6-(c)iTm L. T4
Ny —MEBERERERVWELERO KE 3T, T ENS, 20, 40pixels &
oD, HWABEBDKEZITENETNH490 X 390pixels, 460 X
360pixels, 420 X 320pixels £72 3. M-H7 4 )V ¥ —H A EARA D A
Ho#aic, EOEBRBOE S ICTHYL, AROEMABMN-TEIT X
BT 5. | |

TNALARB LS, BEBLEENEL THERFNSREL
EZOPRHLRPTL<ARS. LALATRAVWEREROXSICTHFROI Y
COBBRBERESOTVIHEAIR, ZRABFFEEZRKEILTRSTYH
M-H7 AV —OHAERIZEFNZIERLELRN. SAFEEEZRES
LE? CtERMRAN 2D, BRHELEZVWHROKRESITES>THE
PIrRRIVEND S, FRXOFATR, RREFROIY POBID X
¥<&E&BTEELE.
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<o ”;;.-:.’
AR

-
~
a“

Fig. 2.6-(a) Output picture of Marr-Hildreth filter
(6=2.4, R=5)
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Fig. 2.6-(b) Output picture of Marr-Hildreth filter

(0=2.4, R=20)



BoE

Fig. 2.6-(c) Output picture of Marr-Hildreth filter

(6=2.4, R=40)
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BE

(b REREC (+7HEEE) OHE

M-H7 AW —DNNTGA—For/MNE<TBE, RBRPICHFET DN
FORBMBZERICEOHT I ENTESLN, ANERICB TSNS
EOBLIIHL TH0-REE2EL, BRESFEND /A XZRELST
<7%. flE LU TFig. 2.7-)ICHEH (Fig. 2.5) ZM-H7 4 V¥ —T
MBLEEREZRT. Zhido=1.0, R=20CHTHIHNERTHS.

INTA—F o RKESTSEL, FRIACICIKDAHNBEBRIIBIT S/NE 2R
BEEANZIRZD, %@ﬁ%%o&%ﬁiﬁ&?é‘“”. #l & L TFig.
2.7-(b)IZ6=10, R=201ZNTHM-HI AN F—DOHANEHZRT. D
R513Fig. 2.6 RAUTHS. Ihoandkdic, HERIGEN /A
fﬁfﬁ\f‘tbmﬂﬁc‘:‘oﬁ%@h%.‘ UMUK F OREANRIZ 2> T
5B, BBELEZERDVORWAFR IAEMLEZD, RERICBWVWTEHE
shizwhFROBERHENTWVS.

SENMRELERE®RTIE, ¥RO/AACLIIBEERELOKRESIT
LT, ESRDE-TWVS, G2 TWRVIZANMDST, MFHRI Y
POBEOCEADENIIZNDIIKEN., TORKR, cDEDOR/NITHP
HD5T, FHBFICSEINZHNTORBIIL > MCERBRIIRTED
Hahsd ZHEcDPEBETT, ECRDOE>TWARWVWATZE &V KR
STENBLVWI LZBHRTS. T X, AL 2MFORBZIEL
<BRHEL, ¥ROBEOELLERBIRBHEBLAVCERD D HEL,
WolkhHBRZRHLUEZE, E2RFOG> TWRWAFZEDRLS A
ERBEERS.
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Fig. 2.7-(a) Output picture of Marr-Hildreth filter

(6=1.0, R=20)
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¥

Fig. 2.7-(b) Output picture of Marr-Hildreth filter

(0=10, R=20)
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2.4 BELRUDODLGZIVEFHEDOEYHL

2.4.1 BRHYDOKEIHFEETIV

AT RENTFNERBEEET 288, ThThORFIINLTH L
DEACEWEREZBEZWV. B> TWAVWEEL 20K FICH LT 4
DAL ZWERVBB{OND I L2, TITR"ELL EDHES" &R,
Fig. 2.8DXSITI1DOMUWABRICBE>TLES I L &, "ELL &

DHEBRW SRR,

OC

| Fig. 2.8 Incorrect detection of particles
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FE® (AHEH) LT, ABETROFTLEZESERLTORE
7074 —V#Fig. 2.9THEALNIBERXOVTRHTS. COLZE
WTRRE,, ¥RAEE BETNE—ET, 220K THROKT
YER, BIUTy VEwRELWETS. Fig. 2.10CHFERECAT

MIcREZER 2R FRZ2EBLUEFAZRLEZEREZRLE. ZTHiIT
R =50, w=20, d=10I2 T 38> SIVERTHS.

part

Density

internal parts
of particles

background

€W €W !
+ Edge .  Edge , Distance between,
0 width width  two particles

Fig. 2.9 Image model of isolated particles
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e

Fig. 2.10 Sample image of isolated particles

(R_,.=50, w=20, d=10)

part
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2.4.2 M-HZ 4 NI—/XSA—-5DRE

ERDDORBRWEZLENFRELKEODHERWRERRZEXNS DI,
KFBOL Y DHIERMI, KNTFHRIY VBw, NTFEER,, BXUT 4
W —DZEF¥ER, T T7EBFER ICHEALL.

INSEDONTA—F2ENETNETETHHERZANEZER, X
DESBT AN — + N5 A—5 OWMBIC BT BIESHES h 2500

1) RENEMBOIYPOBIDBRELSEORELEE, R—EDD &
T, HOAMBGHOERFEZZ KEL LTV (X7 HBEFE
RVKELIRD) &, REZ'ELWEDHLUL" BNEEERD, &
5cDEZRELT'IELWEDHLUL"BNTERLLRZRS. ZOELED
RERAF7TEBEER &HTTB.

2) Ly PHERMd, Ty Ew, NTF¥ER, ZTNETNELIET,
BAZT 7 EHEEER EZRREHREFig. 2.111ZRLEZ. WTh
DNFTA—F HRAA TEBRFER N L TRIZEREFRED 5
TEMSND. REBBREREL, BN_RECI->TERKEZ

ROHER, KAN=ENL.

R =kd+kw+kR ,, +k, (2.24)
zZT,

k,=0.55

k,=1.0

k,=1.0

k,=-2.65
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O :R=15

X :R=25

[] : R=40
Rpar=5
w=3

Iob=201
i | © Iaci=1

0 ]
10 20 30 40

Distance between two particles, d [pixels]

R'L [pixels]

O :R=20
X :R=30
[ : R=40
Rpar=5
a=6

Iobi=201
Paci=1

R’L [pixels]

0 L —
0 .5 10 15

Edge width, w [pixels]

O :R=10
X :R=20
] : R=40

d=5
w=3
lobj=201
| Ibaci=1

R'L[pixels]

I
0 10 20 30

Radius of particles, Rpart [pixels]

Fig.2.11 Relations between picture parameters
and critical value of off-area radius
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3)

4)

2.5

o, NNERTRVEBRRKOLEDF THEHBFER EHUAREKOE
WRECEDRICIXEQ QRIS ROBEFERD S.

R =20 (2.25)

EQQ2NIC X2 T T4 NI —FXRV—-—FZMEL LD,
Eq.(2.25)DBRIE —MIICTIBRIL LB WY, ZEFEXERZH D
BERKXIEBIEICE>DTR LoD ERDLFIBERARIL T
BTN

BFORE&,» S, RENTHR FHRIER Ty B RMT¥EEZ
RDBE, Eq(2.24) 0 6BAFT TEHB¥ER ZHRTHIENT
E, COMERETHIENTES. MFREELI EDHT L
DI, TOEXVBNEIRELZESBTNERSEBVL.

EYFDE> TWEVWKRFEDRRE

M-H7 4 VI —WHADO-RENSH LN LRBR LTI, FEKRF O
BEAOENBRKEZES. —BRHNICEC OGO EBOBRABR LTRR
ERAREOENRAZEL, EXFOA> TRAVWRORBR ETIIRELNR
DEIZNELI BB EEISNS (Fig. 2.12-(a)28) . ZETHWER
E#% (Fig. 2.4) OBENEMEZ, BROBRETRLZIRMIOHM A
R % Fig. 2.12-(0)IZFT. EX bOA-> TWBE FH O BEL EE N
KEL RO TWVWBZERYNSE. ThY X, FEGKP THREHE LOBE
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HE

AREOFEHEZRD, MEHETZIETEL>T, EXFREGoTWVS
NENEHETSHIEELE.

(a) Particles in focus and not

(b) Output picture of first derivative

Fig. 2.12 Judgment of particle in focus
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FE&TIE, EFOAVWHEHNTROBEENMEL TS, DX
DEFDEDTWAHTFROBEIIRELS, EXFDGoTWARWVE
FHROBERNZ W, ZOXICERIZE>TIR, M-HZA VI —HA
MALBZERTO, METIREGROBEOTHEICK->T, EX b
MEOTVEINENERHETEIILENTELIRENHS. LML, EX
FRES TV THHRTFRICK>TRERRRDISIBBETE, TOF
HBITEE X 720,

2.6 WMEF . HRVEOERHLSDLUEL

Fig. 25O EROTF ML ESREBENB 2B TFERUNSA—FHZREL
. MFFBELTRBRONEIRHEFEEEZ, NTRERELTRED
BELUZMTOEREZ, Ty PBRIRENBRFOLYy PEERAKE
E, RoERFELN.

" R,,,.=10pixels, d=3pixels, w=3pixels
Eq.(2.24)) 5R',=12.0pixels, Eq.(2.25)M50=8.5L.7123. ZDE*%
PIHEE LT, TROBEOEILICHUTM-HI74 IV —DHHNRKE
KRBVBET, POFREROBRHZERICLEOHELXITNTA-F
EZHRBLEHKRE, 0=3.0 (EZEUR=20pixels) /SN,
ZDNFA—FEERANVEM-HT7 4 VI —TREBZOLEL, 0-X&E
NEB/BEHBMZFig. 2.131CRT. BB ITHLOTHENLEZL 2K
M-HZ ANV —OHINEHBENZ0-RER, ¥ROPICTHAERBH
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o

MEZEHES, ECPOEO TRV FHROBEATWVS. Fig. 2.40%F
HESNMSHELEE RO TR WA TRICA-EORZEZ AT T
~Y.
mgzmwﬁﬁﬂmﬁéﬁbosb,ﬁ?W%B&U/%X@%iD
FHBEEZRIC, ¥RZBICER LU ZEBZZFig. 2.14ICR7T. KFWN
HIIHIETHHABEBOKRE L, /A XMSECEZHABERICHEBEL TX
ENCENDPS7DT, EBENDZMHE (T Z TiX1000 pixelsZiRA)
KXOKREBABEBZRD, TO/REEFig. 2.15Z xR L. EREO/NS
BREBRZBRELEZRER, MTFHREVBREEIhEZENSNS.

Fig. 2. 15SOR VR (HER) MHTFROBHEALS. SHEROR
HMEFig. 2.161CRL, BB LOFERICB T 2BENREO LY E
&ibt%%EHMemltiamt.niﬂﬁ&ma&wéamg
2.17DH2, 8, 10, 12, 13, 16, 19, 21 MEMERXK S35, BEAED
FEHENRCOELID NIBRAEREBRETHEFig. 2. 18885 k.
CORTREZ OB TRRVWKETRA-CHEDBRINTNS. KF
BDIREZ FBEGOTVWRVD, HHOEY OB TFHREHKIZ—D
 OBBEREDLD, BB ETOREAROEHENKEL 2o /E,
EOBRMPNTICE > . KFHRER, EEONIBHABERZMOB BE
TREINTLESAEN, RERLEOBEARIIOVWTOMIEICL 2 Y
EFETOROR ZENTES.

—7, SHBET, MM H74 W Y—HAOADBAICRBZELTO, BEH
KBTI REFHEZRD KR £Table 2.2IT R L7z, WERE 2150
KRY, ZOELIDEHBEENNIVWERZRETS &, Fig. 2.18&
FAURKRENGON. £ T, BEREOTHBEDR, MHT L
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Y—HANAICEIBHLOEHBENVTNZES>TH. E2FDEST
WERWKRFRNABRETEDLENERIN-.

Fig. 2.13 Zero-crossing lines by Marr-Hildreth filter
only (6=3.0, R=20)
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Fig. 2.14 Painting closed area
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Fig. 2.17 Candidate areas in focus
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Fig. 2.18 Images after treatment by average value
of first derivative of density

on contour line (V,, = 20)

63-



-k

Table 2.1 Average value of first derivative
of density on contour lines

Area Average Value
1 4.1
2 31.4
3 4.3
4 10.3
5 4.2
6 4.0
7 4.5
8 40.0
9 4.5
10 40.4
11 4.5
12 46.3
13 49.7
14 15.0
15 4.0
16 38.3
17 4.0
18 17.3
19 31.3
20 4.7
21 24.8



Table 2.2 Average value of density in off-area

Area

O 00 N N B W e

DO DD r et ek ek e ek b et e e
—_ O O 0 N NN B W e D

Average Value
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92.6
153.7
93.0
99.4
73.1
81.9
71.5
152.3
75.9
153.2
74.4
165.0
172.1
135.7
84.1
154.9
91.8
143.7
160.9
92.2
165.9
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2.7 ¥

HFREBHORADOATy TELT, HEYBRTHIRTHREZERD
BIELSBOHTAEDOFREIIDODVWTERLEZ. —RHNICAVWSNTZ
TPAIRMB T A NI —ZBDoT, HUAREDS TS5 7 TEREND
Marr-Hildreth 7 4 JVF —Z AW,

HREAVWSNTERIRBMY 74NV —2AVEREROBRHIE, £
BHEO) A X2RBTIEDICFRILETRDS. TORR-ZEABD /
AXBRBNIBRERTT, DOy VRALBESKCTA NI —DES
BREERELRTINERS AN, ZhiZ—-BRCEBTHS. BWNT, R
oIy VEIASEKORBRERETILENDS. ZOXDIT3EKE
ODNBEFTRO>THADTRERERETHIENTES. ZNIHLT2
KM T 4NV — LB T »H3Marr-Hildreth 7 4 V¥ —Z AN 2B R
ORITIR, BFRICHL THTHCRBBREBL ZENTES. &
ERESICBITIBELEN—FEORSIEZRHEET, IRMIENBRKE
ERIMBOERVBHRMELTHSNS. & 5ITMarr-Hildreth 7 4 Jb
F—DNIA—FTHBIHI ARBOBEEREEWETSHIET, &£
BOVLBLELGHRORM L 2RABICITASFIRANDH 5. Marr-Hildreth
T4 NI —REOEDITIE, BN A—FZRNWTTI LIV —/INT A—
FERETEDBLICTHOIRENDD. T4 NI—NFA—F DREI
DTN, ROXSBHREB/DIIELNTEL.
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(1) Marr-Hildreth7 4 V7 —IC KB MEMBOERMLSDEDHLIZ
DWTHNEHE, ERVE>TVARWKFHRZEZNLZ DRI T/ &
LTEOHT D ICHRBERARE2EBE. Thbb, BRI VESR
FER, 3DORTERNS A—F, KFUHERE KMTHRTY JIE,
RFEREBEBOBRIIHZ ZEE2RDOIE. CoBBRIEI T4
5’—%%@?‘5%&:L’Cﬁﬂi‘f‘3§5.

(2) Marr-Hildreth7 £ JVF —OFRMRENVNFEL T, WoltARSR
VOBRBEREZROBL 28, REBRLTOEEKOBENED
THEZHANWTEFOASTWARWVWEERY KBRS FEZ2HERL
.

(3) FETRRBLEFEC IO THTFROLVHLNEELIITE S
CELEZERENRBBICIOBEMDIE.

CCTRLHNIZBTERNS, BRUBOENEMEI ZOMEMEL
TRBE-HETIHERDVWTIIREUBRTERT 3.
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