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*kkkk MORPHOLOGICAL ANALYSIS SYSTEM *hkkKk

1. DIGITIZATION : Digitize and storing image data

2. FEATURE EXTRACTION : Calculate morphological parameters
3. CLASSIFICATION & STATISTICAL ANALYSIS : Classify neurons based on

the morphological parameters and histogram analysis and retrieving
4. DISPLAY : Display image data on TV monitor or graphic display
5. DATA CONTENTS : Display or input memorandum about stored data
6. SUBROUTINE PACKAGE : Manual of subroutine package of image processing

Menu number :

H2-7 BEMRERRE S AT ALAILBIFEXA /X Za—

*hkkk DATA SAMPLING * Kk kk

Sampling process menu

Digitizing gray leveled image
Preprocessing

Making two valued image
Measurement of calibration

Filing

S U s W b

End of process

Menu number :

K2-8 EMEERRE S AT LAICBITIEBGANBDA =2 —

BIL TR, W ER EE EER/ERc-ouvTid, FEEGL, SHFaLET 8%,
BN FET 1%, 77—V = TR SBUNOESNA SN, FEEECEL TR &KF
AT 24%, BN2RET6%, 7—Y =il FT26%0RDEL . LEEERT Y
i, MRAAEGICRET 2 EEBOTEEIcL VKRB bDTH B, BB, TOFEICOVTR,
FHIEIIENRD,

B2 - 111}, HHETESHOA=2—Ths. M2 - 121, oFOFHEHE RF
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*xkkk PREPROCESSING *kk Kk

Which do you input data from digitizer or image file ?
(D or F) :

Original gray leveled file name :

Making composite image by 3 images.
Segment object mass by differenciation.
Edge enhancement by dfferenciation.

3 +search edge connection.

Edge enhancement by gradient.

Matrix filtering.

Nonlinear smoothing.

Median filter (1-d & 2-d).

Minimum & maximum filter.

© ® N> o A 0o

—_
e

33 linear smoothing filter.

[
—

Edge enhancement by variance.

—
Do

Reversing.

—
w

In case you want to know how the above filter.

14. End of process.

Menu number :
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HOoOEX 7S a2f0Ib0TH S Fv XOBEMEOMIAKOEER, FHE1H
100wm)* THBOKE VWANLEDS > D HERLTOS I Ehbh b, FRIRFEOARIIL,
3, 4RDLDNENT Ebh b,
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*kkkk FEATURE DETECTION

Feature detection process menu

1
2.
3.
4

Making name list file.
Calculating feature parameters.
Cutting and counting principal dendrites.

End of process

Menu number :

E2-1

*kkkk CALCULATE PROCESS

Feature parameter menu

—
e

Area

Center of gravity

Major & minor axes

The ratio of major axis & minor axis

The coefficients of auto-correlation

The Fourier coefficients

Circumference

The ratio of the square of circumference and area
Average & variance of the radii

End of process

Menu number :
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*kkk*k WELCOME TO THE DATABASE SYSTEM *kdkk

May I help you?

Please key in the number, what you want to do

Reading new data.

Modifying the old data.

Calculating two or more data.

Making the list of the stored data.
Table searching.

Making the histogram of the data.
Making the scatter diagram of the data.

Morphological classification.

© @ N e g oA W e

Finishing the all process.

Menu number :

X2 - 13 WMEMREGDRESXTALES!TSRABTLEOX =2 —

(@)
100 |-
l | l l ! 1 i
0 Area (um)? 700
200 F (b)
100 -
I I | I l
0 Number of P-dendrites 8

B2 14 WEMEREGKIH S XTLICSITSETE (E01)
(@) 7= XAEOHEEIROMIAMAOEROE X F 775
(b) + = XL MR EMINA D ERPRIHE DA D E X b 77T A
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(@ b
26 g
Total 117 Total 59
Average 1.57 Average 1.35
St. dev. 0.291 St. dev. 0.09
L1 '
1 3 1 3
() (d
41 29
Total 117 Total 59
Average 139.9 Average 107.7°
St. dev. 86.6 St. dev. 63.7

L ll 1Il],1. ’ IIIJ',I

0 400 0 400
Area (xm)? Area (gm)?
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(d) RER/8EE% 1~15 0 TRE L 2MigoMidkOmEO L X » 75 4
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template

¥ Prart AL

template
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template

IR I 2 Y N 4

template

(b)

-

Il\‘fflf”)‘

X2 - 16 FEESFERORRE
(a) = XMBIEOMEEMMILICE L TETIEROMIakEF v 7L -t ELTT YT L= bRy
F YT ETSTAER
(b) + < REEOMEETMIaELT, KRl 10 BomiakEdRics 525 Y v 7ILEE
TV, ZOSHOBIEER L 12X

— 25A



$2F HEmMaEgRaREk s R 7 A OHEE

Kk KK x DISPLAY PROCESS XKk dek K

Display process menu

1. Classified result.
2. Name list file data.

3. End of process.
Menu number :

M2 - 17 REHRREZEE ATLAICEIPRTVEDA =0 —

DS DEHE, BEEEMAULEEZEL Shich o TH S, 1, BERONEN SIRE, HHE
TR, HETEITEEZRSHNTITY, EYMFEOHAENENT 2 IR 2T 200,
BB THREOEIFERD 7 « — F/Ny I DBRETH B, & 518, APEOKKH
i3, RMEDERITOFER LM OBEDRIT T ORR L2 HE L, ERELBIEOREED
RIFETTS CLicd s, TNEEET 3 LoOIEEEEET 5, BT 28T 2 7
LHEH YR T LTHBICY, TNEDREEEBRBIITI CEPMETH > 1. LI EOEHI
SODEHYRF oML LA L, HEEFCEL CRIBEFEONE 7 — VOB
BEITABDT, M¥EGNE, SEREFRTCEL T8z hosfHE{T-> T3,

2. 6 LIV

AETIE, EMFICET 2 EEBETERITE BN E § 2 BRI > X 7 2 OFE AR~ 7,
VAT LlL, BHOB T oS AOELAKE, BHETF—TN, BBEF—9 7 A VS
RSN TWa, Thid, FiICHEORECET 22BN E L THRET-> Tain, HE
DY 27 LT, PIZE, HECSECRIEAE RS L /BRORIGA v/ ¥V X DRSO T,
BRI HEME LB L EOSER vy — v O, ATEBME S v v2 LD E
BINB RS — X VORI EDERETH 0, 0L BIEHABIT-7. Lidi-T,
InsEmal, BESEIEICEL TREMICEITZIT) Y X 7 ANBENSTIRETH 5.
51T, RV RF LR, EPFONTFICE T AMERERTE VWS BRI EEE ST,
EHEF— 5 EEBEL OB LAAFEETH 23— FF— S OREL—BIEF -y X—2 <&
LTAVEZEbTE, FIARERANSHICET 3EEER SHOTMBEEIGRS 2K ERR
#H, THOEES A Y icB AMREESEECHAGEA ONS. &5, BT, Hatl
HOFEPHEAT 595 X — 5 OFREICENFEOMEEDOIERE TORRERMEE LI L
2L, YRFLARTEINAE 54— FEOHFBREIT, &0 EHICEBICHAESED
EXT ABITEITOTFE R N— F VX FLANORBHARELEZI SN 5.

RELUBICEWT, Y27 LAOERNE, BRELESOER, TrTYXL0FMRUE
VAT LK QBT AT - RIS LW TIRN B,



38 WM & 2GS — 5 OIE & (5
BYXUF— 5 4

3. 1 LMK

EMFORFITBOTE, MEHIIAORE & AL & OBLE O RRIT M D ) 4E0e
EVERLHRT —< LB oTVD. TOKD BT EITS 1edicid, £ < oMl e
CREFEL, BRE, BEBOFIHEN B EZITIBEB T — s R~ ROFAPBLELL B, O/
BBITX L, ROk TOFEMIC L 2 MEBIAOTERT 12, MREROBRS PSS — v DR
HrPOMY MRS O = IOTR BRI %, —o DB A DO IFREICIR T 2R A I A
ErNTE, 0w, —oOMIIcBT 2BV T, £ OEAR LHERKE %
MVBEELL. ®-T, BT -7 N—20L 5 ICBHOMIAEAH V20N ICIE, SR
Tidd g OPRNTIRIEBY. ZIT, KRETI, ThoofBEARERT 2B0T, —>20DH
fAGOFREZ DD/ Y5 2 — & T L TRED I 2175 720, flgic>vTid, flaks
ERRREOHCERH L, $/, TITHORSMREEMRTS 20T, FTENLEDY
FRODHFET, 2ot E L THERITEITS 2 LItk 0 BHOMIE OMIE A TIREE 13 -
7.

AETIE, £, HEMROLFIMEER Y > OfMiag & Miakgomt, REFELRE
5. ETAT 4 U8 AFTERLLCERICET 2ERBEBONE SR o 0BHE S, £A T
NICE AR EOMEICH L, ERUWBICLD /4 Bk, o VT RrBEST- 12
FIALHE & e U 7o SRR G T RMEALER 2 1T WAk & ERHAZERE & v #ik s 0 2 MR 2t L
fo. &50T, MRBICBAL T, MR L TRHREE L ER T B L THlgAE 2t L
7z,

RIS, ZHOMIAG O ATIREE ¢ 2 12 flilag % 7 — 5 [THE LIRFET 521290 2 [@EA,
BRERBE OB EERT B, WL, F A v FEBOFSLL, 2@EER, v
LY SRR EOFEILT 52 ET, F-sERERAL. i, Mgl TR, X
DIRILT =8 BLU2RITT — ¥ ORBBIFHAT T 2175 T it k2 ERFT LTV 5.

Tz, HlAAOTEZERELT 254 & L THREHMREUNKE IC & 2 MiafkgoiddicBad 3
BRI 2T 72 Bl X AL T i), RER AR o SE o E, 57— 5 RS,
BLU, REGEBOESESEUNFIC £ 2 MR BT 7. ONEERD
g oBEICBEL TR, BT LOEBNZET A E1RE L THIAKICER L ERISOVTS
USSR



F[IE EFNEICL SHMEE T — 4 DNELREBLUF— 4 [T

3. 2 #HMBREF—FREDOI-DHOERNEICL SRTNIE

EEERTURIC B 0TI, FicH v XPBIRO MR O FIRMESHEEH VL. chEl
F4 74 Y844 (SDHH OSCON) THAL, HEM~OANERE L. K3 -1,
ALl o—pFlTted s BEEGRICBEIREI-TVEON, A FL v 7 v—FETHRE
ENAMEEHETS 5. ANERIZ, 640x480 HFET, Mkl ~iid 256 LNLTHB,
AR S5HDH ZMaEME Thh5HTVAERETIHHRERL VS, 0
BHETE, BllEhiuvd, ERoMizicid, CoFREEL vES b L cEMaHAE
ALY - TWa, fMlaA0BERRY 30~40um T, ADE{ZIZ 60 STtk LzEER V.
AT, PEEEFECSHERE LT, Miaks FiERos & H L.
M3-10BEDOLS I, ANBKERE, /41X, Ty Y0RF230EAMNEE. O
fIBZERERT B0, EEMEOFEEAY, /4 XRE, v VEHES LURIIBREOME
T -1z,

B3 -1 XFLyITN—ETHEELIF 7 ABEOHBZEAROALEMFGEERLLICH. EEO
B2(2FF(3 640 2480, Bk L ~NIVIZ 256 LNILTHB.

3. 2. 1 BgEGcHTE /1 XBELE

Y, /A ZBREOHERICSVTHERD, RAEBRD / 1 XERET S0, —MIcE
IR 7 « LI HBHO SN B 2oL LTI, nxn BREOCHREHROEEEN
DFGETESR|AERTL60, b2V EBAOTRLSAMICEAE/ NS T 2EAff
PEETERT 260, SSICEGZ2KT7 - =ML, BEHEERcET30-2
74N ERAVELDFNED. L, WEFERIL7 s v51d, 2 4 XOBREIZTTEL,
Iy VBEAREVIREERF-TWVWE, ZIT, ThEHILDOEE 7 4 L7 OFIE LT,
R REE R, EEEREEITARES RN E LB L S ISEY, £ OfEROPREFE DM



FIE BRI L ZMIEE T - s OINE L FEES L U7 — 4 T4

e

(0,0,0,0.1,0,0,0,0) (0,0,1,2,3.4,5,6,6) (0,0,0,0,0,2,2,2,2,2)

T

(0,0,0,0,0,0,0) (0.1,2,3,4,5,6) (0,0,0,0,2,2,2,2)

(a) Original image

(b) Median filter

(¢) Averaging

~

1 2
w041 100 (7.1.23455%) (00044222

K3 -2 MI=, SV7TIv?, ZXFuTTylOBERARERWVAT 4707409 EFHEICES
FRET NI DOLE HTOHERIEREEZERT.
@{lind (), 57z v (), 2557z Y () OEEE
AT IEABEOREEIDAF 4 T v 7 4 LY DBALER
KT 2REDOKRE S 3OFHBE 7 « v s DBEHER

P ETHEN OB CTE S|A 2 HEMBESNTOE®,  CoFEE, FEEHSS M

HEIHESEL 12 5.

AT BT BB v 2 7 L TIRLUTICRNS 2 5D/ 1 XBpET 4 V5 %

[ERagEE L. b b,

() 3XBFARBIBOTRANEIELEL, SEESEBEL LOES, 083y YO
s s L THERLRITO T, HEIESRIELT 0o 4B ZEN O FEE TrhRER Ol

EESRAZPBILETOFETH S, Chickdzy VOB RS £, WX
DL 7 1 vy LB L TR E DSBS T ER /D h - 7.

Q) VAZXBREFFEELT, AF4T7v7405%5FHT2® x57,7v74058, /B
EDOHROELFAENDA 74+ 7 VETESHRI2FETHS. K3 — 2@ iRl
ﬁé,ﬁyflyy,x%yTIyV@muﬁLﬂ»%?47V74wy%ﬁﬁbt%%.
() FHEIZL 57 4 L2 ((b) (o) fiind IEERDOELH W) ZEALLERERYT. KO
T@ﬁ@u,@i@%ﬁtfmé.C®%%ﬁe,xf47774w9M%ﬁé®i5ﬁj



3T ERAEIC X MG T — 5 OIEL REB L U7 — 7 TH

TEMEOBREICHENS D, SIS VvTT oy VELIVWER Ty Ty UIRERB(LLEL
EOVIEFDBH B, AF 4T VT4 NIOFAEDOEERFCHELT, 2kTEAHVST
EBIRTOELEAVEIEHTELY, [ RTBEEAVS EEITHICHETE 3120
HWERASEIRET b 0 GH RIS E 1 5.

K3 -3@ic/ 4 X2ECHEEROKFESREFEEAROT a7 « —VERT. OEHE
B2 (b) 3XIFABEHVIAT ATy 7 407, (© IXIEMEEZRVI AT ATV 7 4
g, (d) 3X3BIREDOTGMEIC L BBIET7 « v 5, (o) 3X3 BATE D EUE % W - IERRIT
T4 NI EBALEED, () EE—DMED 7T o7 4 —VERT. (b) & (c) DEEITED
KEHED 7 a7 4 — Bl TR (b) (¢) Al EBEMBITh N TV B0, FRUKESRED
EWREV () OLFBEEILOEESAKEV. EEAMICEL TR (b) o8& FHELsn
TWBIENDbME L, BEEESEATIKEBHEERSONLEL K. £k, TOM
DFFEICELTIE, FBILOVEMNZLARZVEDIZ () D IX3BREBEOEEEEH VLS
DTH-t. L, T IbhEDE->TVS, #-T, flGMHORLECEL TV
D, Ty PRIFELEZREDRETIAFT 4TV T 405 (b) () BLUFERET 4 V5
() THEI EMbns, fF, ERE T L7/ A XBREDREIHE0, v JVIFRTFEL
MIEDFHr & IS CHIGEFE Y R 7 2B L2 FETH - 1o

3. 2. 2 MiE%F-sHHoHO T, Vifk
JITlE, Ty VAW RATELDDT 4 LFIIOVTIHRNG, —ficT v VEMEHT S0

2, 375 VT VI 4 MIEOBEEEEE T vy BEVLSONAE® LhL, Thoo

TaglE, Ty VREFTERS, JAXGBELTLES. - T, AFETR, BHEHNOE

HE%, Ty VOEMEEFS THELVEEICHY, v VOBEMESDADEIHEIT-1. LT

I, BEOHPRILILT v VEBEADLZHD I DDOT LT Y XAIZDWTHRNRS,

(1) BEAORERN, v IDBNEHET L7201, ZOKESLIVEEAMD S S Y =
Y iMEER WL HAEFRDI I Vv MEE, ThEDLET S IXIDOEAEZHAVT
FHELE 73V v MEDEIHENSKZVWE AR T v VERLBL, 5T5YT VT 4N

CEVERALR. 75 Y= v MEWNS ORI 3X 3 BB DOFSEE RV L FRLE
Tote, TOTATY XA, BEAIEL D/ A XESUESICEIREESTH S0, 2F
WKWRTZEERCH L TERENTHE I Ehbh > 1.

() EEREOSEZICSVWT, KEBLUVREAHBOS SV v MEEFET S, /5 V=
v MEDHEIHES K E VEEIR, T Vb /A XThHE FNOOERICEALT, 775
7 UEEGEL, FOMSHEOKZEWEI AR/ 4 X, NEVETHE, Ty IERDE.
Ty VRITIVT YT AN THRAL, /4 X, O Ix3FEABOHIETES
WMAEBIL L. COFETR, /A XEHF0EAI NG, 72



T IE WA L M%7 — 5 OINEELRES LU F — S IEH

Horizontal profile Vertical profile

(@) Original image

{b) Median filter (33)

(c) Median filter (971)

(d) Linear smoothing filter

(e) Non-linear smoothing filter

R3-3 BAEROKESLUBEEFAOT DT — L BETRILT « V5 OHROLE

(@) JBEE (b) SXIBFREAAWIAF4 T Y7445 () IXIBREEZRVIATAT Y74
vF o (d) 3X3BABOVIMI & BHILTFBIL7 « 15 (¢) 3% 3 BFEDSKIELHIE
LT D& 05 FBILAT 5 7 1 v 8

— 31 —



F3E BN L AMNGT — 5 OIELREBLUF — 9 [T

(3) BENOESEZRETLE LT, 5X6REAMEBEEL L. % OENDMERDIEKEDFEIE
ZIHET 5. DEHEORS VEOPRICHLEFRIF, Ty Y EOREALT, Ty VEAR
ShiEZICBIL TR, ZoEZREE, BEROEZEOSBIEEMAET 3 Lickp@EHAL L.
ZOMOBEFRICBAL TiE, 3x3EATEDOHIEIC L 5B (LT 7.

K3 — 4(a) KEEEOAESED T 27 « — L% (b) (¢) (d) i iE[E CEE_EE (D) (2) (3)
DIy VHEATFEAEALEROR—EMO 7 o7 4 —VERYT., ORI Uk
DNENSFEERFIEIL(2) & B) Thote. L, QOFFE4+BEHLTESNLKS -4
©DTOT 4 =BV TR/AXbEHLTVS, -7, G ORMLEICEL -
Ty VEAFIEE3) TH -1

3. 2. 3 EfRMIRIC X2 TMEEBROESTNORMIE

BRSO FRICERT 5 1 v YOIRUREDHEEFICRET 5. ABFICH VR
Mg, JXTFEAIETEE LT0E, TERIC—FEICFET 32 L3R omn. £,
FEAMEEOESFE LRV, (- T, BEMROoESThicX iAo —EBIE T 25805 5.
ZDRFERET S, £F, —OOMIBRICEAL T, KEBEMEBOESE, bThIIEN
T, 2~3BBEts ¢, 2~3MOEmEEARLLI. £LT, 0o 2~3 KOEHE S

HHEE KT 210472 -> TRROFIEICK D ERLZ. (1) 2EEOZEHRETI 7YV = v b
fEET S, (277 V2 Y MEDKEWEIART y VOBREEL, /NavE s
LB EDEHRET S, 3) v VORMSICBELTE, ANEEOE UNMEE R
TERICBEVT, 735V v b OEMESRKE R IERDRXELSKEROBREEL T 5.
ThbhLE, RHABL Y VEERT S 4) v VESOERICEL TE, BTESHEYIEL
VIR VS, FILNEERTEROT TROBVEROERE L SKEHEOERELE T 5.
3 — 512, RIBPHEOHOIBSBEEAMBEVRKVEIBAHRT » VBFFTVBEEREL, Z0H
EEEARIC L DIRT.

3. 3 HRGOomMmEAE

ATALRA 5 L 7 BiE ot L CRIEAE 2TV, BiE% 2 Ek L CHfasmt L. AR
AOiERTR, @EEESE0I Y523, KT LAERESEATHTREL. #€-T,
EE A < S OIS, SHELC &0 R - 2B EO BB L5 A 5 BB LE
ZHVCEmA 2 fEkL 7.

QLI B ARIEOREERICELTIE, p— 7 LE E— FEZOLOPERSATL
BEE U LA TR, BIEORER, EfLcERMEEY - VTHEEL, ZOH
ZEAMEE L, RESHSERE LN SEN T OMEEBEL T HEERA L.



F3TT MR & MR T — & OIVEE RIFB L U5 — 5

(a) Original image

(b) Gradient

(¢) Gradient+ Laplacian

{d) Variance

B3—4 FRETYIREBT IS DMBOLEE
(@) REEDKEAMD T o7 4 = (b) 3XIBREOKEL LVEEFRD I S Y = v MMEH
MBS OBREOS = SBEE LT3 7557 74 L s ek 0B (© 3X3BHE

DU5 Yy MEBBRELULETHD5 TS T VELSBIOBELUTOERDS TS5 T ¥

74 FIL K 05T (d) 55 BETA D EiE % B OB REFRCHE LR



F3a W{RALC X AHINAR 7 — ¥ DIUE L RF B LU F — 5 IEH

>
Sharpest edge

Pixels on object

T EIRCBALI Y PIKBNWTHIOTIERTY 52z v MENRDREVERDAHIL
S LIcERERICTRY.

H3-6 (a#HRME(ECKY 2{ELLICEES (b RGOS ME LIER

2 b L 2E@mmIcd, B0AKR ST, RMRHHSE0T—F7 -2 b EEN5E. £
DEHED SHFDAME T 2729, $laEo—S%5i5E L, 70S0:@EERSOA ML L.
X3~ 6ICASERE 2ELL EREB L UM L2 filag s rd.

3. 4 HRE&G&MNOOMHIEE TEHIRBREDSBE
FREOHMEAHEST 200, £, @iaks THIRERE 2D L 2. TRRREOKE
MIERIE, FHICEBESNATOE W, 2T, EECEORVESEEMRERELE L.



T3E MR & DA T — 5 OIUE L REB L U7 — 5 T/

A E LT OFEIc L oMl Le, Mg 2 BEREBY, 2o, #152M57
5. RS, B 25 LRBERERD £ - CEGRORIHRICE 2 215942, $HubERRY
FORBEBFICEAL T, &OTVERTHR EOEFE & OEEOMEASERICE D 1) 2 Es L s
ﬁofm COERICE VT, @02k L oS aimiaks LThitd 5. ke 35,
BRAES R LY, TR L®BIE» S OHEEN E UTO2TOEZICELT, ZOEERE%E

 ¥) &T 5. ZLT, @ y)EHLEL, JORIMN2k—1)+1 OIEHREANOERMEZ
ERT 3. FOIEHEERIC, Ll sb—oflk THOL®RIREED S DEREEDS B DEFEH
HAL, EAFEBOhIIIAIBET A EFEE, @2k KOEVWEMCEET S, 7805,
F oy i3, MlELIcH B E L, COREE, Emmsk) OLTOEFRICEL TiT- 1.

X3 - Tiz, #fafs L UMk & ERHREREZ DB LB 2 IcRR L ciERERT.

»

i
B

=y
~

\
r

B3 -7 HLEOD2O0MIGEOMIE & ERHAE £ HBEFR L 126

3. 5 MRGRREEEMNE L2 EEGOTEE
BRI L 0 i Lo ifag 2 S UEmIE 2ETERESATWA, -7, 2ITR, 2
[BERE 7 — 5 T/ L DB OWERTIET 2 o ot A ke oL Tk~ 3.
3. 5. 1 Evhrry—viE
2EEBICEVT, WEYEE ], EES(OEREEF > ETHIE, SERI1IEY PT
FKETEE, By by —vEEIZIEREY PELTEE Yy PCEEROEZEIOMNIFTI



F3E R L AR T — 5 ONEEREB LU T — 5 ER
ETRHEOERERRT L3 - MLFETH S, COa— FEFERI— MEBL U2 {E
EREED 7 VI X AR TUEERE SRV, - T, KRBT 2EBEHS Y 25 &
TR, SELEEPTESNAEERAD 2 HERORORFICC O3 — FEFEEMA V.

3. 5. 2 sviLvrRk

i, MREEER O X 5 iRy EiEm o —EnOEsRER s L TEP L THEET 258108
3 F -y EREEBNE T 5 2 EEGOIEEHEIT O VTIEANS.

N, IYLY s REORBFETHS. £, BEELLNLSEEL, MRV LOER
AR, ZOEEDx, yvEEHEETLLRT S, KT, ZOEEICT] &R, NRY LOHE
FEHAELRT 5. BIUT, BN TRy EoBEZE S HNIE, TOx BEEB L U5 kXt
) FOEEE AT 5. TOBO ZENOBEREIAEK IO T 5. RITTR, EERH
WY EHESMER, 20 xEEOATET S, MNEYLOEBRSTFELLVTICE, 0%
sk 3. |

K381k 5viLvrrikick i, dRME 1, FREETEHTERLAL2EEEE
LT3, COFER, LUTCBR~NZHIERO 3 — FMEFELEZ D BEAOHRINICEHE
REEDR—VHRESNE, J-T, AREICHT ZEREHR Y 2 7 T, BHAREDH
APNDEMT, BEOZOD G LI BHEEF — 5 DREDIHICIDF v L v T REE
/e,

Run length method

X, X: X, X X X X

Y,

Y. 1 1 1 1

Y, 1 1 1 1 1 1

Y, 1 1 1 Description format

Ys Y. X, 2 X -2 X, —6 X
Y. 1 1 1 1

Y, U I U T T30 | X | 3 | Xe f o1 X

l-object space-background

3-8 SvLuvyREklickzda—FEnf. RHEBOBRFAOD | EHRY, EHEERERT 2 @@
BTHY, SYLUTREICEDI— K{LBI%E description format & LTRY



FIT BRI & BAINGE T — & OIE S (RS £ U5 — & 8
3. 6 MERREEEMNE LHRBRORTES®

3. 6. 1 F=Ava—Fg

REMROICAR T ED—DTH B F = 4 ¥ T — FELOVTENE, 8@, 2 @EEo
RV EDERT, Ho, TOLEFDELEb—DOER EOEHRERF> bDIZ L » THRK
END. 03— MUK, WEROEAOEE LB AR TR T 5. EREA OB
3, M3 - 9IRT 8 HMOVS L TH B8, BHERMT, §-503—Fotho 1453
S as, ﬂ3‘9@WTﬁTi5K,%%ﬁﬁ—é?%?%@<t§ﬁﬁﬂ%&?5tm
0~7 D 8 KO HE 2 — KOs, BEFOKEEERT I — F —1 24, %/, EHEOLE
S OEEB OB HERET S 5.

DT, WEMRE, D, BB THINIHAARDEL - BEEAELET 3 HEC oL
Tk~ O, BEHORC RIS EOBEESEOLDOETE, 9, EEO 40056
FHRCENET 2 THEAEAEL, EELACEECERE L TOMEEEIOHT B, iz, W
Mo, BCHREAUSNIHSTHENAENE, ERLROTHRI LR T ML
DZODBEERVT, MEETEEIMEMCDET L ENTE S,

Chain coding

(x, y)

(u, v)

Initial P. u v X y J

Chain C. 211 213 5|1 6| 7|-1}2|3]|-1

H3-9 FxA4ra—FICLIWRBBOBBHTEDH. REEEHICERLT 0~7 O 8 HEADHA
I—FIZKYEBLIBIERT. —113, EMOREEETI— FTh 3,

3. 6. 2 WIFROWMERERR

MIAD L 5 ICELD S DEERPRIHGEE 1 SOATSb3ERICELTIE, 7 S ERE
TV, Toichlz, BEBLY, KNCBELTREENLZ LS, MEOE LD SRS
TORREE AR ERD, BERERRICL S 1 IRTT — 5 ORFIEERT 5. Blh S OFEH
WIRE —ET DS TbNL, TORFE, 1RTT—IcE|RTE 52 &3, Kashap 5
LI SN TV BE,

_ 3‘7_



F3E ERNEIC X AT - 5 ONE L FFEB L U5 — & [T/
MEEERR &1L, B Ui, B-1D)REHY, BLERD 3.

N N
G=2 x)s@)/S G,= yi)st)/S (3-1)

i=1 =1

CCIT, Gy G RELDOxEBEREy EEERL, SIURYOERE, sO) NS4 NI
HEILIEEZ0 I FBOERK, x @),y DR i BHOMNKEIO x BEREB LUy BEETH 2, &
DERD %, AAORIEE B LSS, BElhOBRIEE TOMMEAELENS,
K3 — 10, HlakEmEELRR LA RT.

3. 6. 3 MIEEBOBWIRO 2KTTF— 5 RN & BRE

B S DREN, BIRE—EO3TRO BB, KO 7~ s RIITRETE, %
DO bEH b DId, 2IKILTF— F ZFITHRLCERTE 3, APECSVTHE T
BHNAAICIE L IR 7 — & ZHITRETE 3 WEADESE WA, —icr, U E Bk
REZSGALZMREFICHELTE, I KTRIOEHETRIAT2TH 3.

T IT, MIROWFERD 2 KILD 7 — 5§ RIINOEMER S 1., THOORYF— 513, %
FRBEIP D, IBEFOIERA O OFERE L RIBRO x EIEHE, BLU, BEIOREE L RIHRO v
BETHEK L. K3 - 110 (@) ik—o> oMl %, (b)ic (@) *->0RF|F— 9 THE
L7l emTs,

Soma

e 4

Polar coordinate

radius

T

0 180 360

(degree)

E3-10 HEDHREDELNSEHIFIRE TOERE 1°kE TROBERTOR L12f



F3E BRI L AEIE T — 5 OIUEE RIS L U7 — 4 T6

3. 6. 4 $wIBERT — 7 OREWIBERIC X BHFRO W

BEERRFOR U MRS 7 — 5 1o W TREBI A RIS L 2883 2175, 2ikm2—2
)y FZERIOXE DB LD 5 RIBELLAD 2 DO B2 ESERIE, BEEERICL KD L
SILEME NG, VE IRTF— S BOTEL, SOERr, B0, 55841 (r,0), B
F UMD A2(ry 6% 4ESERIE, 2RI —2 Y v FEMTRRO L S icKHE 3,

r, sin 8,=ar, cos 6,+b

1y Sin y=ar, cos B,+b (3—2)
CliCa bt b3EHTHS. B-2)RK&Va, bRRRDESITESB,

a=(r; sin 8;—r;, sin 8,)/(r; cos 8;,—7, cos 6,)

b=(r, vz sin(6,—0,))/(r; cosh; —r; cosBs) (3—3)
2ODHAl BLU A2 ZESEBR LOEEDE A, O)RKA%HET 5.
r(sin 6—a cos B)=bH (3—4)

&SI 2IRTEMD 2 >DOBEHRORREBEED 1 IRT7— 5 D, )& 8L &, TOHED
BOMEDEGEEHOI LBV, TR bbiE e, 6>0 11Xl

0—0"| <SD&EE | dr/do—dr/de’ | <e (3-5)
ZitE L, WEREERRED | ouy — 7 0 L TV A8, BEXEEZTORES=MA

(@

X-coordinate

Y-coordinate

Length from initial point

3-11 () MIEO_{EERE (b)(a) ZEHIPIRBIUDIER LRBPRO x EEES LUy ERED 2R
TRINTRR L1f
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CTH 210 OMEBEADEME, TOF—5 E, WMOMEdr/do OFESESHS I EH Y, &
SRAI(r, 0), A2(r,, )&, ZOMOEEDEAC, 01, B—4) RS ETh 3,

DT L, ZHENEL,OSATIHEPERXAICEL > THRESN 2O TEESIT (3—4)
KOBRIZH B ETIHERATE S, &5I, ZAROBORSRIMH Y, &4 DISHHHRE
Btk 2 1REF— 9 LT, 20EDMMEDFESEE S E I EhSHLATH S,

Kz, WEEEICL S 10OLF -2 LT, WAK TS 3o OREFSRMER, BOE
dr/df OAEGLNS 4B, o, OE I RESES AL, 6), A2(r,, )&, OO
FEEDR A O B4 RS L ThH 5. FERICETEIN TS 5 b DLEHEM
B ECOMAFORIICIAT, DEo2BXDONEEARMBO | RITF — 5 DBREAENI L
WZETh 3.

BRI, BHICEVTE, MOMEORNERSRIFEELT, BREEHMogc LT, 1
KoLF — & LIc 3BKE &Ml & R HIC 2B >EES 5. -7, 1iknF—2 LT
MTH 27120 DUEAFRMIIEANE & B MEASZHEICET 4 BEEL, BSOS BED SO
RENMED 4 XL bF L hD, COHMKMEDE AL, 6), BMEDE A2, 6,)&, C
NSDEDEOEEDE Alr, DIRIRXEBET 5 ETH 5.

*(cos?6/r,% +sin%G/r,2) =1 (3—6)
(3—4) & B-6) XAELLET 2L, 3-6)RDrico0TH,
r>b/(sinf—a cosh) (3—17)

LB ENEE IO, B,

SO TH 3 oD OMBEFSEMHE, 2 2OBMEE 2 > DWAHE dr/do D1k
BEARHICHEEL, EXETE-REEET A ETH 3,

HTH 2710 DRBEAHENER, 1RTTF— 5 LOFEDOED r DEN—FETH 5T ETH
5. FHBLUTZNICEWEORHEL LT, 1T F -3, WOE dr/do O REgES s 2
M8 & hMED | BEEL, FEGRSMOEEDNS IR B-)REBEL, ToEEs s fMED
PREDHIDEEDRIZ B—T) REHRT AL L THMO T3 &M TE 3.

WAL D &5 s A 0 BAR S ORER L LT 1LIRILT — 4 Lo EOFEES, B
S L OBAE, SMEICL - THESI SN BT EERLLE.

2= Yy FZERD 2RITLF— 4 x(6), y(0)& L TERH L 754 05521 % _ LR OREHE
BEAD 1 Rou7— 7 LBED I 5 &, £ FRKASKILT 3.

dr/d6=(0r/0x) (dx/d6)+(6r/dy) (dy/dO) (3—8)
TIT, r=02+A2 L

or/ox=x/(x%+y*)"?=cos 6

Or/8y=y/(% + 2V =sin 6 (3-9)
- T, WHOHE dr/do DRESNER, 3—9) REETH B LMD dx/do 553, dy/db



FIFE EGNEIC L MG T - 5 OINEL RESLUF — 5 EH

DOAEGM & LTI T & 3.
| dr/d6—dr/do’ | < | (9r/0x) (dx/d6)—(0r/6x) (dx/dO") | + | (Ox/8y) (dy/d6)—(5r/dy")

(dy/do’) | (3—10)
CIT, x=x, y=y OltfEEEFEL S, (3-10)R0AB R, C,=0r/0x, C,=0r/dy’ & LT
C. ldx/d6—dx/d0’ | +C, | dy/d6—dy'/d6’ | (3—11)
LB, INLD, dx/d6 & dy/do HERTE 5, €, 6,0, &, 6,>0 TFETEL
Max {0;, 6,} =0oa (3—12)
(B—-11) A<eu=Max I, ¢} (3—13)

E18% Sitary Eroral BFLEL, (3—10) RO ILEFE LS. 22T, Max {a b) 1, a b
DINELBWEEEW®T 5. FEHkIC, (3—10) ROEANSTELS 513, HROWEFNH, &
B0, WA EEEE S BT ENEFBTE B,

[[IERIC, 1IRITF — & OWRfE, dr/do=01c>WTEZ 3. (3-8)HicBLT,
Or/0x=cos 6, Or/0y=sin 8 &L b

cos O(dx/dB)+sin (dy/d8)=0 (3—14)
(3—14) AT, dy/dx# —1/tanf O & &3, dx/d6+0, dy/d6+#0 T, dr/dd=0 E15%. %
72, cosf=sinf=0 &£ 755 L3V DT, dr/df=0 ThHhiL, dy/dx# —1/tanf O & %,
dx/d0=0 & 5\ 3 dy/d0=0Th 5. HIb, 1IRILF— 2 LTOMWmMAIR, dr/di=0 %1213,
dy/d9=0 &V 27— LTHREFEENE. LIEDOX DI LIRILF — ¥ O OAEEES,
EARYE, MBS 2T T — 2 IcbRFESN, EUL)SHFESIIMaEEE 05, IS0
EXEORBEIEREZR WA EEITHBAICE, REoH&EHMERET 2 LEMNHTL 5.
CORJERERENTVSA, Ll TORBITE, 1R, 2KTT— 5 OMBILEYTS
%.

3. 1T F—yEREBRNE LICRIBRELIEC X IR ED®
AT, MRECEECHEHE(LO /b OFEL LT, GBMRIEEER L, FEGOR
HEOIUNEOREE L oK E2iTY, F— s EHEE BN S L THlaEE o E RV

IERER#T 2475 C L oZBMIc oW TN G, F7, F—sERE LU, REGEHAVE
CRESFRE UM Ic L 2 D HRRE OB O FEICISLWTEEL, L WEBNKT M ESE
REL THREICEBE LAERICDVLWTHNRS,

3. 7. 1 EREERALOT VT Y X4

B DBMIHROITMFEICE, SAERIU 2754 VB, 77— =l FERAVaEl
%, STXELTESH O KR TIE, F-sEM BroQEREEETENE L
T, MRAROBRERE, BASAFEY, BN2FEE, 7 BT BHED 3
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FEEROTELLULERFT L. LTINS Z50FUEED 7L T Y X LT\ Tk~
5. '
(1) mREZHEFE

RAZBLH R, GBI LORETNTECEALY, TubLLBRITIHROAESAROTTE
INDHDEKRD BZFET, ROFIEICEL B

(1-1) MRAORIMR B L 15055, WM EOSE, xBE yEEFOSE LTIE
12, PQ) (@), 3,(0) (=1,2,.. \N)&T 5. TN ZBRIHEEHERT 2 50BKTS 5.

(1-2) {P @) KBALTELG @k) gONEEBEDFSE T2 &> IcBELBRATS. T
2L, i BHOROHERZE, XG), YG) (=12,.. ,N)E13,

X(@)=x,(1) —g(x)

Y(@)=y,(1) ~g) (3—15)

(1-3) 9XTOELLT 5 3 ADF] (XG), YW), (XG+1), YE+1), (XE+2), YGE+2))ic>
W

F= {XG+D-XG} {YG+2)-Y®} — {XG+2)-X60)} {YG+1)—YQE) (3—16)
ZiHET . T ORR,

F<ODEEXG+D), YG+INEHBRL, i=i+2 &1L,

Fz0p& % =i+l

ETB. 4 It F2DVTNHLBNEL S, (=1L, NhoSLEHIRLAZEOKE
FIEN Iy PLT, (=IDOSN ETOTRTICEHLTFZ0 & - SMEBAERT T 3,
F<ODEXIF(1-3) DMIEEED KT,

(1-4) B-oTLaROfKEMEL, BoTOVBEEAXG), AYE) G=12,.. . M&T
5. (AX@), AYO)ZNEICHES T Ltk b, FEBOBIRETZLICEAET 3NWEATTH S
eSS B,

(2) /D2 ik

BN L FER, B EOSEEES L OHRE NS VW HDFEET I V-THITL, &
TN—=TDRICR/N L FETHESEHXTRY, 2O L-THETNIREAFLUESAETE
TEFETHE. TOFEIR, ROLBEDTH 5.

(2-1) HIERDORIBIR LB L7255, HFHEOSZIE,

P(0) (x,8), 3,)) G=12,.. .N)E LT

IXX()=x, (i+1)—x, G)

IYY(@)=y, (i+1)—y, (@) (3—17)
A

(2—-2) IXXG), IYYGDEA i=1 » SIFICHE~, #HTIXXE), IYYOWBZhEh, ¥o
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VADIEZE 725, £DfE% ISX, ISY IittEL THL.

(2-3) THRITRT F,, F, OLThesB8OlEE &3 THHELE T 5.

F,=IXX()XISX

F,=IYY@)XISY  (i=12...N) (3—18)
Fo F,O0FNhBEEL 122D 2 M ET 5B,

2—4) PO GE=12 .. . ML TR/ 2 RETERBREEZITS. EonicbliBEii%:
m(I)&ET 5, (2-3) TREN - ISX, ISY ODFF5AKIRT 5.

(2-5) (2—3), 2—4) DBfEEG=M,.. NIZOWTEDERL, (2—4) THOINIZEIFELRS
ZEiC mk) (k=23 ...)&9F 5.

TNTOBRIHE FDSEL, WFNAOBEBTENE N SMBAKT T 5.

(2-6) 2-5)FTTHONKERm () (=12.. NNIZ2WT, m@)& mG+1)DRH
£CW @=12.. NN-D& L mWNNEmHDREE CNNET 5. ToEE, OO (=
12, .. NNZEERET 2EZH/ENBONIAUNTE TS 3.

(3) 7-—VY z3cuhF

7=zl FIcid, 1A SOBEEIORIITHS 5 LMERHE T - BRELZ
Tt 792, PR LD 1 b onE &% 7 - 2 BRL - G RERF¥EnH 5. AFE
T3, Mk T ERIRER E TEDLRERLU~NORB A EEICAN, BRI
CEATE S PRGEER T EBCTRBRELML 2. PR TIE, SRR EIEKS
ELTHOIEHBEMAE 7 — ) 2 ZHBLABDT, TOEMKRE TEELERT LI &Ik E
RSB SN0 B,

(3—1) R EDEEEG), y60) (=1,2,.. .N& L, EEHZOEEZ 5.

Z(@)=x(0)+jy() (3—19)
BL, j3EHHEMET .

(3—2) w@)=(ZG+1)—-Z1)/5 %K 3.

HL, 6=1Z0)—2ZG+1) | G=12...N) (3—20)
(3-3) ¢ (R)=U/N) NZa) () exp (—j2zik/N) (3—21)
$:tET 3.
ck): k=0 1,... N/2
(3—4) ék)= (3—22)
c(N+k): k=—N/2+1,...,—1
LB
D=5 olk) exp (j2xik/N) (3—23)
Wy 1 FER)DEMIRE THEEEHR LD TH 3.
(3—5) zMu):zM(owa’i wf7) (3—24)

AR B, Z DA DERIAR O T H 5.
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3.7 2 3EPFECLE Y2 v—v 3 YEIEE WIEIZEDRE LS

K3 —12) i3, =@, M, #EEEE8TERLARET, chi b b) BRRZ A,
OBN2TE, (d) 7 — ) BT (REKS) O3FETEMLAERTHS. K3 - 1312
B3 — 12 DDV > A OR#E A FEG & UKL TRy & Eic 7o o k L
bDTH 5. (a) R=AN(b) M, (o) IFBELOBYEEET. T~TANETH 205
REAREICBOTE, HUSTIATORWI EAbr S, 1, BN EECELTI
E%%m,ﬁwsnmm.éb:,m@ﬁﬁkwﬁﬁﬁﬁmi5a%§§&k%MQ§§mﬁ
BOEG, COFETREUTEGCVS, BEZELOMITLIEIR S SREOEEOME b
Brred, KoL S EYURESE oA, SO iar—v s YRFCEL TR, EEE
CEDRESTVA. 7Y 2B TIC L AL, BEILTH 5720, ML, SEACEE
TE5, &7, RALVEBONIMEMO 7 — )  THOERKESEHO TV S 2D =/,
R D DI HHLL 15 - TV B,

@) (b)

ANERVAN N
O O O
<o O O

ORVE

B3-12 ¥2al—2 3 YBEEAVEEUFEOTE
(@) FREHR  (b) () ZRABATIET () () RN 2RET () (@ %7 — U = Bk FAR R
UFETEOEML R

B3 - 1443, 3EOMIAKICHELT () DEERE, (b) SBRASATE (0 S8 2R
BB 7 =Y 20T (RE10) Ick 0B LR TH 5. EREoMmIaAICE L T (b)
L) ICBVWTEESL B DEELEh TR ENbh s, 2 r2, mREZEAFETE, Mo
HABEDNG 125, HAENEEIREOPRS - T3, 7— | » Bk Fie X HELEHE,
HRORE VEBEREL, 7, MIKOTEINALEOT VS0, BHIICE, B
ﬁ@éhfué.%$2%& S BRI, BEEORSE L CRELTVAS. LbL,

& S BHHRA TATITE VIS, TR & RERORIBE OTAR L7 L < RIS 3.
SOk HHTE, EYEEOEBENREROEBEL VBV EL NS, #-T, LlEo
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Original
O Maximum polygon method
Least square method

Fi Area

® Fourier descriptor F: Major axis

F: Minor axis

F . Circumference

F: Ratio of F; to F,

F. Complexity

F. #Corner

O Original
® Maximum polygon method
© Least square method

® Fourier descriptor

K3-13 YIalb—2s VERICEELEEERLELREOSMEDLEE
(@) =A@k M (o) #mEZicBd 5, B FED, ERF2), X F3), AMEE F4), BEX/
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0 0 0
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0 < O -
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FBIE ERNBICLAMEET -7 ONELREBLUF— 55
ric s TR, EUMEORAMES, FRERORAMED 1.2 {2282 72 ST OWHR . 558
ELTIT-1.

3. 7. 3 MIEEEREZ2ORURFEOREED HE

MRA DRI AL L - BHE, BEOLLDF— yEMRETS T & &, FERITUED
LD/ TH 5. FEBITIGAURE 2V 2158, HEERSHEORHME SREURE O
BEEP—HLTVWELENS S, I T, F<XOREHEOCFIMNEC & 2HER &,
VU S 0 o DFCRERI SR E A it L TR L e R i > T~ 3

MlADOKHEGR B LU 3. 7. 1 TRNAIFELLIOBSNAFEUREOS 4 » 5, HE,
EE " FEE EAo, FEoHMES2XTER/GR BEoEMsS2XIEM
B/l O T o0FENSHEEEEIELL. ChooBMEERAVT, TURFEC
BAL TRl 21T - Fo ks B AR~ 3.

F = XD 150 EofEMaAE & 2 0 HURE SicowT ERoFMELHEL, Z0F
ML FERELRLADOMERI - 1 TH S, THROHIE, FEGIHEL T, 2HRIUD
KETlE»R /NS, F=sEFPEEATOE I Enbh b, 7—Y b FIBLTA,
CEEDSIE O MICIE B, THROHKIIE 250, SEIOMETIE, RE10 £ TOHAXE
AROVTEY, F-sERRLShTVE, @ R G ER/8RcEL il ¥
ff, BERES SICEUKPECBY TR, FEZORFEEMLBOREFEL TV S, BRI, &
N2 FEIC X BEURZ B L TRRBEGOEERTFL TV A, RREAEFEL 7 -V =i
AFT & BT PSR A REAS AL S 1, PR O W EFIA Kb S o w, FER 2 <

£3-1 150 EDF 7 XWEDMIE & F DELIKFEOREDSHBEO T (E & EERE

ElE RER | & K| & 4| 7-v=

R fEfE | 2 ®E | LT
W () S 162.10 175.60 | 16430 |  158.00
PR 17.02 85.76 71.79 75.64

E % @m) S S 18.66 19.26 18.85 18.19
it % 4.70 481 4.68 451

g% um) S 10.87 11.67 10.97 10.37
P 2.27 2.45 2.28 2.36

B E (m) Foi 65.49 49.66 61.36 48.7
R 16.29 118 14.86 1152

R%/ Sy 174 167 L.74 179
e 0.37 0.39 0.38 0.40

EHE / Eif o 21.35 14.56 23.81 15.57
P 417 1.49 4.27 1.84

TS0 o 102.75 13.41 3815 | 13827
P 24.84 2.24 11.13 35.03
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FRICL BAUNEOEES, FEGREBEAEFUMERLTWS, ABERE/ BEBLU
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593 — 17 1, seiciinr T OFENSME A FEGS £ U 3 EHEOELNE,» O itE
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WHETIHHMEY, VLB IRABRTTRETE 02T 260T, L2860
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KT 1ERT20ES% 2 RuERE (nnET 1, MESKF2) 7oy r LcbonX
3—-1TThsd EBELTAEWVGEECHE6D, 50VEKDOTORTR—DOEFESHIEGE
hi-fFgEE, BPoBEWfrERasnsEEZ o005, K3 - 17T TRIEER LEURE, S
BonEUHFHER, TESOKEFAEER!/ mREEREHBOIFIME L, SHEEERRE
%h 5kDTHEMUNMEL SROTHE®RDIT RBELL TRV Lhbr s, Bk, AR
¥, BFRE'/EREIC-OVWTIE, BB L5 ICRER OEUKFEICBOTEHIIEW I EE
T LWIREETH 3.

3. 7. 4 FEUPUXKFEORESEA~OIEHICET 5iRET

MiAEg 7 — 7 X —2cBWVTid, BB 2K, SESSEELS. £2T, CC
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