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Abstract

This paper describes an approach to the recognition of real-world objects such as books or

a telephone on a desk. The system consists of (1) edge finding process which extracts edges

of curved objects from light intensity data, (2) segmentation of the edges into straight lines

or elliptic curves, (3) recognition of objects by matching lines to the models, and (4) simple

SUpervisor.

The module (1), (2) and (3) interact with each other through a simple supervisor

so that the system can locate given objects quickly. First, most reliable edges are found and

segmented, and then recognition is attempted using segmented lines.

If recognition is not

successful, less reliable edges are searched for, and recognition is retried. An example of locat-

ing several objects on a desk is shown.
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Fig. 2 Flow chart of edges finding

Fig2 WKBWTER~ v 7 I3RS 0 BE # #7
72BICHW G, <y TERES DT, ETREEE
FEds Lcmfs JiE J) #1ED (f & ZIEBHUE 1/2), -
FiC (G, 7)) EHEOMSBOREKEORRLELT

D(i, j)= max [I(i+di, j+47)—1(, j)I
—1<4i<1
—1<45<1
R s, DG, 5) BEDORIST BREROEHOM
SEOBEKREEFENT 2 b0EH43. ¢ DG 7)
FEREROBS LT (45T48) RDTHEL. Kz
ETEAkRsl~y 72 AT, D B—ElEog
DEFEFEL T OO TCHEALOREETT ). BERsKh
X, 20RET 8B~y PHERRHECERLITS
&, DIoslorbitiiztsl.

B ENBRBOER (211 k> THATIICEER
XhA. BEOBHNL, BERU AL TOERSDS
NAROOEHERLCETHE. CoTRHBBELE
M 20D B B osd, EHROBERENTEFREH
WA BHIE, BRIIRDOSNIAEES TOA
ST 2RO ELNINIE T AHAROME X,
ZOHW Be FHEMIRERSOWEME D 2V 5.
DIbDos 2 — 2 0, BAGOKOZL, K
B KO EMR T 2R EOBAEOYRIC L - T
B2 oh3, BESEDI LTI A— AR
FGLTWL, GO RT v ik

1. X, & B #FHOTHEITRD 3 ERGONE

EFNT 5.

2. FRENIEDEECH BEMAEERDZ.

3. X,fB.D. %FHT 5.

P EOFIEA OB, SBRAsHHiTE gL

BHRER» O WHYKERILT 5 —Fk 613

A detected edge point
® current edge center

O predicted position

N+t
a1 Pe n+l
E As

n n
A & X I = be
c

Xe
Fig.3 Tracking parameters

BERAT 5.

279717, Fig.3 0k 5 CHEDERBEDN
g% X, FRE LS, BRAOTAMEE Po &
L, L P 0o OERA B Sllidhik
bo L, HLOERBOME X 13 X
5 Al HIIC—RFERTHALELED, i Ao
13 Xt b Bt ARSI EL A 0 E DR
HOTHMIER, B 5 Ao Fiic—aREA
HEIES. ik X & P ETOHERRY AN
SEFMORRKIMBICKET 2. 27 v 7 2 TR
O—RFTA RV — 2 HFOCHERSAHRET 2. ¢
TREDOHM o i3 B EEHATHELEALL, B
REOTFHME P~ 2hisd LT o HFiOAED
BERNE, YLHEHLDLA TOBRELKED, £
O EL Do iGEG T, F0AERBRE LS
BEARLTHEEETS. S LEDOXS L ESKRE
SNLTNEBRTICRT Ny 27 » 75T,

a) LRAT 720 P itk 5 BHDERS

BHAETENE, BookmELLELTAT
v 7 2~F74

b) & LEMIOBERANEL SRkw ST,
P CEBREDPHDEDEBBLTRT » 73
<.

¢) ZoOMOEAREBHART T2

PLooy 77 97, MRIEORE—E, /4
ABXCHM o DREORBE BT B0 THS.

T MOBHSKTINE, Boncbholick-
TR/ 4 Ak ihd 5. FmEs oS RR
DR HNS, BRMo 247, Fi, EEEck
SOTHRE T & 2 h &N, b UTRER SR
3. WERPLER~? Fig. 2 oA < D BLCT
5. TROLBEUDIREREES{&Re LTaEaL
R U TR AT, KEEEE T s o
W2 DY, 2oL LTS MRERDS T
B2z ENTE, ZOHREHOTHLIOPEET



614 % #

(a) Original  Scene S

(b) Reliable Edges

July 1976

SRR

*i . x4
4
2 4!
R 10
R4
N !
%3 N 3

(c) Less Reliable Edges

Fig.4 Example of edges

3. FMOFLETIR /A4 XL BRE
nNaELItd, TR TRES R
z MIENEHETE B2 EpH . Fig.
4 (CERBMHBORERT.

3. BEREOLR

BRI TR O AR EBRENL, EODICHEES
NHEOFTATH S, CCTRHERBERNST 0T
BTN 2pD¥5 4 — 2 Tiibd 5

e Rd s LT, SAEENY, KE
KA TERIAPETIFEY (A7 74 VR
B 2 ENED. TNREEOHELXEDTEE, &
WRAERD LD ETEL0THS. L LZOEDE
PRATLHERCRBE LT,

BHOYROBEREE, EREFEHO—RoEAS
HEELUTDRTE, ULhbEhpEE T ns 7 41K
BOTHBNCRETE2 LBbN3. 1 208K
AFRT 70017, (1) ARFIA ERES & i

{b) curvature along the edge

Fig. 5 Initial segmentation of edge

SICAEL, (2)8BA2RTHEMT 2

(o BHEFTTHIT Fig. 5(a) Ok 35 icER
AF %5204 (AB, BC, -, EF) K482 &
TH5. SFERBAGOMEY KHESHTTS ER
BEDS P B LHMRI, P ho—EDH ma#
CEnE Q & R ARWT, B QP L PR O
WEMEEERTS). Lichi->T AF oii#izlFig,
B(bYyokdic, ms KIARMO RE A'F TERS
N3, SEOFRFNEL,

A BRBOMA (SEOBR) oRkmiERke 3

B. RICHBENWHEER, g, RBEOIE

BICHHT 5. RS & 5 liiR S BRI S

HeshiZoE T 5.

C. A YWATEETRTHNITEET

D. fiioh@siEd .

FPESERD 20, HEOREOVEFREET.
HiEDH 2 EPOE#E%E Fig. 5(b) KhRT 3 (K
M (L, R} TEbLING). COREIZEER 6P) i
koToEoLdkEsEsh3. K (L, R off
FOHTHHEDFERD Omax LTI,

Omax >0
> h(0max) for P (L, R:)
<hOmax) for P=L;—1, P=R,;+1

T 6 WM, AMa) (<) 2 > ORIEREH
b LZoREBEINRTARME L, B
WAL, TOmMMICHELEATSE A K&o
TROFE BT b, #4850 3 ORETRE N3
(Fig. 5(b)Tiz (A’L1), (Ry, L2}, (Re, Ls), (L,
R3), (Rs, F1)).

BT ATRD SN il S 2 RO BTS2 S
M7 2. 3T~ ERITORMIRHL AT, B
DAL, BFELEHET L85 4 —F my, RO

10(P)]



Vol. 17 No. 7

P 4 N0
\yﬁy/‘
D¢

Ss BLORSEMRT BHOBRNE X
HTS. 4L Fig. 6 0o X5

4 PQ »sMTH % &3 1l
EEPQ FMLE D KERIE LU
Mo du 0 RERATEMESN 2.

d =(N/0)(1—cos(6/2))
5=55(N—1>/md(N—2m4)

SERCOREIESS, d>d. 1563 60
1OITEE, N<md2, d<d: (ds & di ZEHT
d.>dy) 15 I3ER, FnPAR RS T 5. R
HiE o Ic—ERY LOEBRSES O EfN
T, bLANTESIAEETS.

CTRED A MRS 3 VITRADTATE LT,
ZoHOTKEOHELE 2°08AD 0 EH#H~ L
MR LT A O— & &0 3N B3GR EET
3. PEOFEAERTERNBETCIDEL &
B DT 200 EAOERERDTHOMELIET
3. BBEEINTITE-> - AHOHT R ERE AL
+

Fig. 6 Arc approximation \\
§18

BEEEIAOBE, REOEERT 2 XY
(i=1,2, -, n) ZEESIOREAO—EHICETRD
5. FIVIOFECERNTRAN S OERD 2 F
MEENETARARDS. BOXo m HD/ 27 A
— 215, fla,y; a,az -, an)=0 TEDIND
EFNT, COFETIE ar OEPELSHFL, <
DELETEEN—EU TN S ET/7 4 —2 %5
B2, a0 ORPERBES SRS (X, YD) 2H0
Tt 3. HERSREEORNTH TR D ERAS
. €9 2 =22, K EloRs, FHTH
3. LS DBEULHBPCELBTNE, 97 4 —F O
25 UTHERITT 5. Fig. 7 ERsCRos%
R

4, B L VAT LAEKROHE

PR TR RYP v — v O EHITKTT
T5. CZTRILOLCHRIEMNBEOYkE
W2 EABNELTWS. COEA/AID, Y—
VAKESTLTE S ANE 2 0ERHET I, &

BREG > S ERABERMT 5 —~F 615

(a) (b)
Fig.7 Segmented edges (left) and fiitted line (right)

BOREZ NN E IS ADERENIL-T
FRMEL 2. FEOBAIE, WISHICEHTES
o 5 AT EERA T, ZORBEERA LEB LR
IS OWEHA TS . BREOEAIE, HHNLTS
MHAOFEBRAEL, FTNBEKZOHRTHEH
ERFTIR IV, S LEBEESR > DS TH
i, OB EkARBLT, TREFSRDIC
BUHNET 20k R0 5.

OTROBE S Y- vEIRT NS, YkoE
FADREBUETHS. 1207 Fa—FLLTE
FAETIITERBLTY — v ERAET 2 HESD
W, =F AL TRET, WAL Rk
WA BES S EHO— TR L, £oEdERE s
5T E. Ve Vid—BCERASEL » TED
NTWBlew, Y775 70RANLECILBT. C
OFETHE B EHRSE ORHROER
AhhT oy, BksERICESE, EF VICEA
3 B OMECEGE O BE O ME RAaTIHEO M
B ENEBRTH S,

CCTHIHE I L - THREEBLTVD. T4
hhHEFANEOHAE TS T LATEE L, BEEL
s fF o TN G. AT Y — Vi 256x256 Wik (1
@iﬁfvb)fﬁékw,Mw%%éﬁﬁﬁéhb
ik AR TI IR, Z O CHIBRIR S 2k
DTHOE—RELTRT

BZ bk T 4 0Hicid, Tablel (KK
B CHET 2 &0 BEREERT. bLESDD
BEEMEEARD & LTEEHERD 3. 0T
ST & 7o EHTT E VBRI, S5Ol
HERANY, ZORFEX—LT v 7 LUTHEANL
THENRLZCEWRND., &Y — VigFiES Table 1 ©
XS BEMOBBLILETE S, ATSUSHRED



616 % iR
Table 1 Example of main feature and secondary
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