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(a) projected image of parallel gratings (b) Moire image

Fig.2.6 Pattern projected image.
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&35 .Fig. 39D DRAT v IELTE, Fig.3.9 Ideal transition of gray level for
step change and ramp change.
V. = %/2{([, —Mean)? + (L ~—Mean) 2} (3.4
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' n k1 ' =n1241° )
ZZT,
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Mean=(L1+ L)/ 2
w2z,

Vi ={(Lo—L4)/ 2}?
b, gk, Vo &

Vo =L S | (L®- Mean)? - 73 | =0
1

o
b, ¥, Fig.3.9(c) 05 vIrE{LTlk,

£—1

LH=1L1+ =1 (La—L1)
Mean= % 22(Lq+ % Ly) =L+ Lo=1Ly
ol 3
1 »n k— Lo— 14
Vi = —2 {(L1+ — (L= L)) —(Lq1+ )12
n K1 n—1
1 » -1 1
= —2{(— — — ) (L= L)}?
n <l on—1 2
— ntl Lz .L1 2
3(n -1) ( 2 )
2 /4 n/2
Vo, = — [Z{(L (#) —Mean)2— V1}+2} Vi— (L (k)-Mean)? }]
n k=1 f=n/d+1
_ 2(Lo— L4)? lé/4 2k-n-1 2_%{2 24-n-1 } 2]
n =1 2(n-1) ~ k=n/441 2(n-1)
_ P Lo— L4
=tz T )7

(3.5)

(3.6)

(3.7

(3.8)

(3.9)

(3.10)

(3.11)

Eixb.3% 3.6), 3.7, 310, B.11) »obhd Lo, HEE V., Vo, BEATHhIEE
VRV DERE(L,— L1)? OECEDKRELSELTS. 22T, Vi, Vo ZUEFEEN
ORAZILE(Loax- Lnin) TEELZED . {(Lnax— Lnin)/2}>TRRL fEx ThEhEHE
EEE VYV, , B 2RDEE VYV, 358, Lmax=L,y, Lnin=L4 &Y, AT 7

Ziewext LTk,
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VV,(step) =0

S vIrELeR L Tk
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------------------------- Vs (ramp)
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Fig.3.10 Value of V,, V,, V, in the region including
step change and ramp change without noise.

V V, (ramp) = .f(—_;l;T)- (3.14)
VVz(ramp) = Li(—zz_—vz—' (3.15)

LhD, UEEROKE SIORMEETSEERS . Fig.3. 101k, ChERTLELOT, A
Ty TERE S VITELTIRIABRENEASKD . S5, TORED, SVYTERRHLT
EVV, , VV, LLRFABEOETSHRORHL , AF v TELTERE{RE>THE0
Bbhs .

T, VV, VYV, CHL MBS EIE Vs

_Vyv, _
Vs = A7 (3.16)

&, R 12)~@.15) & D

Va(step) = O 3.17
2
Vs (ramp) = -% X _Enle— _ (3.18)

iz, Fig.3.10 5 bbb b &, A7 v 7ELTE, QLBEFHRCE D S T HEI Y #E
Vs WOTHD, SU7Eibcd, AEFEROKEICHEDLS FI3IE—EME (0.75) Th5.
DX, ATy 7ELEHTBEE 5 Y 7T AEC BT, ZOHEBSEE Vs
REECSBEV V., BIOCEEL2IRSBE VL DBREL R TWS.
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1 2
V, = — {%(L1+N(/() —Mean)2+Z}L + N (%) —Mean)?} (3.19)
okl #noit

ZZC, EHL UL Mean i,

1 %2 '
Mean= — {32(L1+ N(/())-FZ}LZ-!—N(/{))}
=1 k=n/2+1

n
= Lsyp + Ll (3.20)
o k1 2

vz, ¥V &,

v, = (%ﬂ) 24 %;2_1/\”(/{) (3. 21)
&, JAXDfHMc LY ) 1 Xsr Processing area
N DL REHOSEG HiE R E 0o [ exefoxsioxts
3. e aEaEs
Fig.3. 11k, Z OHEE LA V, -
D) 4 AERFEBS IaL—vavl L I

RERTHD. YIalb—Yavik, EE
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ELHMBIBENSYFRNELL B oTWS.
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N
[54]

1.0 2.0 30 40 S0
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Fig.3.11 Influence of noise on V, value.
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THhIXMEFERAKRE 2 BIRE, HBEEEEID ) A AEZBERSMCE D&, DEIEIE
BIZBWT/) A ADHERRALL TS DL THS. Tk, IrdbhrdLiT, fME
BN 4 XD o {EHR 3.0 ORIZMIEFER 8X8 Bll, £/, offA 5.0 ORGAEEE
16X16 bW T2L, ATy 7E(LE 6.0 ORLERZHETIZERTES. 20k,
BWELVALVOSEE V) &, i) 41 AHCERTYS. LAL, 20 V) BEPETERAEX
31, HMELPHOEHTELE T Y TROBELVRILELREH L TORERELES.

W) AZBREEAT Yy TERES VTR DOWTHIATTR L REEL S BE VY, , &
BEL2RDEIE V V2, KOWTHRETS.

I A XBEULAT v TEADHE, QEBFIFAOEKMEE L X)L Lnax BLUR/MEE LR
U Lnin i,

Lmax= L,+max N (%)

Lnin= Ly +nin ¥ (§) 3.2
i, VRLVOEE{LLE ((Lnax— Lnin) /2) 2 &,
('Lmaxz— Luin y , _ ¢ L2—L1+ma>2<N(/r)—minN(/f) y 2 (3.23)
T,
max V() -ninV(H) = (Lo— L) /A (3.24)
r¥hE,
( Lmaxz—'Lmin y2 = (1+1/A)42 (Lr—LD2 (3. 25)
iy, BEASBE VYV, &
vy, = | F1(N) 3.26)

1+ (/A2 [(Znax= Lnin) /212
£ NI =1/n SN

LERRD. 22T, J 4R EBRAEERATy PEL B L EREOES (A=1) b2

Ty

V vV, (4=1) >0.5 (3.27)
Eirb.
I AZXMEMENLEAT Yy TEALD2RGEME Vo &,
1 »
Vo = — 3| (L&A + N() —Mean) 2— ¥, | (3.28)
o &1
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TRIWD. WE,FLAD ) f1 AOHEREERN]L . 1CHdEL, EO) A X2 N, K, &
D) 4% N(k) &£T3L,

1

n/4
Vo, = Z [> {(L1+N1(/{)—Mean)2— Vi}

n/4

+2 { CL2+ N1 (/() —Mean) 2— Vi}
n/4

+3 {Vyi— (Li+ No(k) —Mean) 2 }
n/4

+2 {Vi— (Lot No(h)—Mean) 2 } ]

2 %4 %4
=? (L1+L2—2XMean) { Ni(/{)_ Nz(/{)} (3.29)

Elxd. 2T, RE200&H

Mean= L S y(p) + £1tLle (3. 30)
n k=1 2
Wz,
2 %4 %4
V = = SNBX (SN (D—-Z N2 () (3.31)
= fo(N))

ktﬁ%. ct'JVC, VVz Li

. fo(N()
v = { (LmZx— Lnin) /2} 2 @.32)

tilr b,

Flh, JAXWMENES VBB IEELVRXVOEENSEE V V, VILIRET
DL kB,

JAXBEMENRLS V7 ERCHTTIEELVLVOHEE Vy &,

=1 w2 - v - ari Ly
=Lin (-5 Wrto i
= s (b ag e+ s tain g A (3.33)
Ef%. koT HE(LHHIE YV, 1,
VU= 3kt T (Lmaf—(fi(u/?ii) ok | (3.30)
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n -1

JAZXBIMENLS VT BALD2IRFUE V, 2FB 2556, T/ 4 X0fmMEhlzrX
WE (LN #BREDIFCERP2DE, V) i,

2 _n/4
Vo = — [2 { CLUA)+ N(k) —Mean) 2— Vy}
n £l
n/2
+2 {Vi- (LA + N(-Mean) 2 } ]
A=n/d4+1
" Lo— L4 R
= +—— Nzk N2 (K
4(n -1) ¢ 2 ) n {é 0 /r‘én/4 (0
2 %4 %
+ — NG (L) —Mean) =2 N (4) (L (4) —Mean) }
o k1 /4l
172 Lz"‘[/i
= ( ) 2+ f(N(A)) (3. 35)
4(n -1) 2

ey, BEC2RIBETV V., &,
” fa(N(A)

VV2=

iz,

ZOLIWE, JAXMBFMEhBZ itk
DEEGERT S . AT v Tl T
&, ER{LSBUE VIV, Bk 4 Xoffme
KOEAL, EHE(L 2RO BUE V V) (A
my3d. £z, 5V T BHEHEK
BT, 7IXORBEICEIY V1 ACED
ENEETEEZRS D, J 41 XOJENED

NEEERREFEE LEASYRELTHRS.

Fig.3.12,Fig.3. 13k, /A1 X2 EL AT v
TELERE 5 VSR EE I T SR
FEEVV,, BELE2ROEIE V V2 EHE
LiziERTHD . sk, NEFRE SEFEX
SEFE TiTobDTHD. ThdDERK
WA A EBHBERELHRTWS . Th
Shbbhddd, VIl T,

47D [(Znax—Znin) 72} 2

(3. 36)
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Step change
alg=10 -0
20 —t—
30

1.0

g“ 05
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=
g
 nel Ramp change
= 04
3(“-1) 0 3 alr= 1 e
3 A
al, 5 -
. 10 v
1 1 1 1 1
o 10 20 30 40 50

O value of additional gaussian noise

Fig.3.12 VV, value in the region including step
change and ramp change with noise.

_30_



VVe, VVo BV TOTIR, JAADKEE (oTFER) KEBELSTFIRIE—ET,
VV, (ramp)< 0.5 : : (3.31
VV, (ramp)> 0.3 (3.38)
o Twb., &, ATv I L TR, BILENNEXSRDBY, i, 74 XDK
EEAMKELLDBRBET VY IELIHT HERELS o TS,
wez, N(3.16) TRL LMEESEIE Vs Ko TiRETT 5.
JAAXAREEhES VIR 2B EER, (.34, 3.3 kD
V3 (ramp) =0.75 * Ffs(N(k)) (3. 39)

&% . Fig.3.14 & Fig.3.12, Fig. 3. 13 CiRL &=V VYV, (V) , V'V (V) HEHLE
HESBE Vs 2RLEbDOTHS. ShrdbbhdLiC, A7y 7ELiCHT HEE S Y
TERCHTIERLDEBRCHBEIATVS . Ihbbhd L5, ATy FELEHL T,

ATy TR >4

Onoise

=> Vs(step)<0.65 \ (3. 40)

THY, VTR TR,

Vs (ramp) >0.65

(3. 41) Processing area , 8 pixel x 8 pixel
V3 (ramp) 90% >0- 7 step d\OerAlS: 10| —o—
P ———1
30| —o—
. . . . romp chongefale= 1| —@—
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R _ 5| —=—

10 step change A‘s-;g —o— 1 J‘U“_AZ 0] ——

o 3 —

l_““s 20 noise only :
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3| —a—
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10] —v— |
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Fig.3.13 VV, value in the region including step Fig.3.14 V, value in the region including step
change and ramp change with noise. change and ramp change with noise.
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Fig.3.15 Influence of edge profile on V, value.
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_LLL[_LL\_‘[ alr{<0)
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Value of V3

Composed ramp change alr

Fig.3.16 Influence of composed ramp change on V, value.

CRERBERE RO, ALr RAOELETHLOTE, Vs HkE{BEL, 82
RIS EBCT D L E2 003 . ¥k, BRCHMNENS ) 4 X0 cfih 20088, EDS
VISELAEA S h BT, 5 Y TERA LR AT v TELBA LD 1/3ETRS ¥
TELERBIFETH Y, AOF VT ELREEIhIBIUTEALr BALs D 1/10 ¥°C
S VTR THBEEL LD .

3.8 ZrHEiz & 5208 HHIE

BT 5 2EEOBRETH D0, BIBRBEARV -2 XD REEh3E0%E
R 1 BRIELNEAETH D . HORENLEHE ARV -2 OBETE, LEFR (Y1
Fo) 44 YT DZ0BEREE 5 . FETR, FHEATREL LEESHE Vs %
BB ARV —2 E Lt & 0ERIFIC O W TIRETT 5 .
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SEE V) BRIORTERERD, 2RIHE TV, REISTNEZOEHTRELL>T
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Fig.3.18 Edge width detected by V, operator.
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Fig.3.19 Edge width detected by V, operator.
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2 Bte= ot =gjata=z0} + - v - - * lats =tolats =52
ROEEATY—% 10054 10X10) |7 w - R |
L, 20%4 OFE (4EHEX24EHR) al gl o
Mohkic | ORI ELESAEER || et V[
TH5H. EXEEBWT, BUTDAT gr?::g;,ri,jw Ate=t |aLe=2{ - < - - .. AL =9 |ate =10 _Z:L_p—ix'el
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N(3.42) WREhEHHEARV—F2CLVBIERELALLDTHD . B, WEHBRE
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BT, HEALPLETOS Y 7TROBEV RV EZHET I LR, 400015 LDK
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BT 2EMELPRRMFHELZTRTOIORH L THEHTH Y , EERHNLRE TIREHRE
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Fig.4.3 Moire image formed optically.
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Fig.4.4 Projected image of parallel grating and its image signal.
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Fig.4.5 Image signal of projected image of parallel grating.
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Fig.4.11 Scanning of slit laser beam by mirror rotation.
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5.2 60— poFENOEHREHFELEN NS A—2DRAF
5.2.1 E&ﬂ%tﬁﬁwﬁ%ﬂax—;w%%

x— yEPEHREBNT, EEOHERE.
y=ax+ b (5.1)

TxRENhD. Fig5 ICHRT LI, x-yFACHEI A EERZEALLOEFOREE o, 1H
gOTRTEL,

p=xcos@+ysin@ (0=0<rx) (5.2)
b . ZOEBEDES (L y) ZESIEER

p=xicosf+ yisinf (5.3)

EEREh5. R((5.2) 20, o XHATHIHEREEX, ZOBHE -0 T A—2FHEHIH
£, Fig 5. 10ERT LI, N7HRIX (00, o) RTRETD. ZORP x-yFHECE
FPHERONITA—SRERTIECRD . BELBECBOVT, REO#EI R x- yFHE, 5%
EHTCHD0-0 NFA—FLHEDTERLEhLEBREAEY THEDbOhD. ZOkD), EEE
DEEEBDERE, 0 — o FHE |
Eok@ro@EaERTcEREh,
BEEDONATA—RIE, 0 — pFHE

ECOBBFDRZER (00, 00o) K P o= X008, + ysing,
BT, BEEBEALSELTEREh pY 0

IOz ENS, BEESEPCE el

WREBDNTA—ARBH—pN o

5 A —X2FHE B 3EHEX (a) on x-y plane (b) on 8 - p plane
VR R E - "

RELBERZCHETES. 2, Fig.5.1 Hough transform of straight line

BEfONSA—X g, b &, onto 0 -p plane.

,.r,)

a=—1/tan0,
b=p0/sinf,

(5.4)

THLHID.

Fig.5.2 WEROKER () L ZONTERE R D) 2Rl ELOTHS . N7 EHRERE,
Fig.5.1 WiRL B OBBAEHTCERRAIAT0IDT, B K> T3 EHPERERDOS
WS THS . RPORHNORIBEBERRELART, TORD (0, 0) EHX(2) DEHD A
FA—RzE525. ¥z, AN &, N"TERRERK BT SPIFOEBFRDER 2R
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(a) line image

(b) Hough transformed image (c) boundary line of Hough
transformed region

Fig.5.2 Hough transformed image of straight line.
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AR EIT B S, E4RUTORTRE LS.

ey V2 - yv.)2
#ﬁan (.X I;g) + (ybfzo) =1 (5. 5)
e R = S G o ) K (5.6)
a b
AR y—yvo=a(x— Xx¢) ? (5.7

RS0 2 Y Fig. 5. 3a-1), (0-1), (1)) % 6-p FEAN7ER L fiE RHER (2-2),
(b-2), (c-DTHB. 0-o N7EWEE, FHRHY LORHT AERPEFOBBEN TER S
N3, Ehbbhd i, 2REHEE 0 — o FEANTERL TESh ABRER LT,
M OB SR R .
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o FEADN 7 LRI BT, ERAZHBHHE 2T 5. 2 OHBhY £EAN L TE .
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(a) Ellipse (by Hyperbola (c) Parabola

Trace of accumulated po

Fig.5.3 Hough transform of second degree curve onto 6 — » plane.

Fig.5.3(a-2), (b-2), (c-2) BT 2EHEABP ZIBH L 20 DA FEX (a-3), (b-3), (c-3)T
HD. ChHLOERARTO 2B LEOZRICEBT IERERL TBY , EREKIIFHRIE
KATREND .

¥BHE 0= Xx0cos8 + yosin0 = 4 a2cos?6+ b?sin?8 (5.8)

SEREE 0 = xoc0os8 + yosinf = & a2cos28- b2sin2 6 (5.9)
2

R 0 = xocos @ + yosinf — % (5. 10)

8, (5.8), (6.9), (5. 10) ik 2 RHEIAR DB O EEIRRNC FATRIBRTH 5 .

— AT 2 IR DB EEEREIC FAT TR, fRE a2 B L Tnd . Fig 5 4 DA s
BF#HC L T affnefEAEED §- o FENON7ERERETCOEBRIPHZRL DD
THD. VE, BHOMICFITRERHY x', y e L, COERRCBIDINRTA—-2% p’,
6°'. Xo', ¥o', a’, b T DL, EREEAHE,

0'(8')=x¢'cos@’+ ¥yo'sind ' +4 a’'2cos20’'+b’'2sin28’ (5.11)

TREND . 22T, ML bBFHEH»DL5, x' -y EERIBEDS 0 (0" )EE x-
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YEERRIC KW 2EEABME e (6) L ORICIRXORRAES S .

0’ (8'+a)=p(8) . 12) 4

4

2% D, x'-y EERIETS o fEik x-
YEERERTERE R iz  — p BHullis S ‘
BRAZENTED., T, NTA—RHOD _vl_ |

Bk, B TORXTEREIS.

g t

’ : 8 1
a=a (5 13) @t
b=b" ' 0 %
(a) on x-y plane

+o
4o\ 4

Xo= Xp'Cosa— ¥p'sina

(5. 14) d

Yo=Xo 'sina+ yo'cosa

2%, WA a o TwBEECHT S
NG A=k, a(0Sasr/2)
xt U CEERRERA x- yEEEEER A S aBlEE L
TTEIHEREEMINTINTA—R
BRI RERWI LGS, Z0Z LR
WESR , BRRCH L THRD LD, 20 (b) on @ - p plane
SEED, 0= NTEBRFERH D 2l Fig.5.4 Axis gradient « of second degree
BONT A—-ZHECEL T, 2khiR curve on 8 - p plane.

O EEEC 1T 2B CH L TR ThERWI LItk 5.

SR EHET IRDEELERIE, 2RKEOHRS TH S . BAEEHICETRES,
HEERTAT A= (xg, ¥o) THSH. 2RIEOHEHL, Z0 2RHEOERHRICBITS
BROAD2EMETHD . Tz, 2IRMBE 0 — o FECNIVERL THELADIFRERK
BOT, 2OEBAZ 2RHMBOEREREL TS . E5I, 2RHEHRIETRTED 2 kiR
O L THIFTH D, ZOMEH L THIFR 2 RICBY 5B EHMOTAREL . i
RTR, Tho 2REOHBHECER L, S 0BRER? S 2RO T A—2
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T/2-00, BEY, 0=1+04, 1-0.05CH5 Fig.5.5 . HAOHE, HHAFACHY
SEBETRT(O, o) ERG.ORXLD,
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o (m/2+0:)=— xosinO .+ yocos 0 o4 a2sin?2@ .+ b2%cos? 6, (5. 15)

p(m/2-0.)= xosinf.+ ¥ocos @ o+ 82sin?0 .t b2c0s20 . (5. 16)
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(a) on x-y plane (b) on @ -p plane

Fig.5.5 Relationship between (6 . p) values of tangent lines at symmetrical
points  with respect to axis of curve and parameter of ellipse.

p(r+0,) =—xoc0sOs— ¥osin@.+t4 a2cos?0.+ b2sin?0., (5.17)

p (-0, =—x0c0s0s+ ¥oSinf .+« a2c0s28 .+ b2sin28, (5. 18)

Eixd. Zhbkh (Xo, }'o)‘i,

_ p(m/2-05)—p(n/2+0,)

Xo= 2Sind - (5.19)
_ p(m-0.)—p(7t6.) | '

Yo= 2sind (5.20)

CHHERD. £, BHShE (X0, yo) bd (6.8 RUE,

{0 (8)— xocos0 — y¥osin@}2= a2cos2 g + b2sin? g (5.21)
TREZhD. ZZT,

(8, xo, ¥0)={p (8)— xocos0 — yosind}? - (5.22)
EFBE, 01, 0,02 HOERENS |

(84, X0, ¥o)= a%cos?0,+ b2sin?0, (5.23)

(0, xo, ¥o)= a2cos?28,+ b2%sin?4, (5. 24)
Zhtd

82-—_— f(e 1, X0 }’0)Sin262_ f(62’ X0, }’O)Sin261 (5. 25)

cos?64sin?0,—sin?8,co0s20,

(04, X0, ¥o)cos28,— F(02, X0, Fo)cos? 04 (5. 26)
sin?@,cos?60,—cos264sin%@» ’

b2=

EfD, (X0, Yo) DRRCHLTAFA—2 (3, H)BREHEH, BAASA-2BREL LS.
BHRDE S, (X0, ¥o) DRI L T (5. 19) (5. 20) X & Fl— DBARAM R B, (4, b)
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B L Tk,

f(61, X0, }’O)Sinzezv— f(ez, X0» }’o)Sin201

2 '
a —co0s260,sin?28 ,+sin201cos20 , (.21
b2= f(61. X0 }'0)008262— f(az, X0, }’0)008261 (5 28)
—sin?264c0s20 ,+cos?28,sin20 » )
t, BEROBEORER(G.25), 6.26) RO BOFERED R Eib.
¥ i, BB 0EE, G.OXLYD, Exirak,
T2
p(m/2+0)=— x¢sinf o+ yocosf o — :1%;%97 (5.29)
Tn2
p(m/2-0.)= xgsin@e+ yocos8.— i_algo_sae— (5. 30)
’ 2
p(mr+0s) =— xoc088.— ¥osinf o+ 71%2—:?06— (5.31)
2
p(r-0.) =— xoc0s0 o+ yosinlo— 4022136 (5.32)
THRIhD. Zhs k)
_ o(x/2-0.)—p(m/2+0,)
Xo— 2sind. (5. 33)
L p(m-0")+p(xt0s")
X 0— _ZCOSOB’ (5. 34)

RERALD , BROBMPIREEIS .
78, (6.33), 6.3RE .=7/2-0." WBOTHE—BFERELRD, A5 A-2HHIKE
A, WlR0GE e F—G.33) THEHE LS . FLEHEhl xKXHL T,

2 .
p(8)— xocos@ = yosin8 — 4—02—2% (5. 35)

> > w73
[ y

(8, xo)=p(0)— xocos8 (5. 36)
EiabL,
2
£(01, X0)= ¥osinfs— ﬁ%ﬁ;— 5.37)
) 20
f(ez, Xo)z }’oslnez_ ;%ﬁ; (5. 38)
chihy,
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sin?64c0s%8,—sin?0 ,co0s% 4 4 (5. 39)

3= 1 F(01, xo)sin@.— £(0,, Xo)sindq}sind,sind,

é .
Yo={ (84, xo)+ f%fﬁ—b@mei (5. 40)
¥k,
2
YVo={7(0,, x0)+ % }/sin@ -, (5. 41)

sy, BRGNS A— R RRETES.

5.3 60— pVHEKSHIERKOHH

FEiCRLe & 51, 0 — o FELCBY ZEHERR (RERD 55 EERS L0 2%k
DB AT A=A BEHEHLIRD . ZOkYD, §— o N 7ERTECE T DEREOMEH
BERELD. CORBABECROTE, EROERIMIC L IKHR L 2REROLERIC &
PEMAL ZEFIL T T 20BN S5 . FETR, EAR L 2 REAROER ORI W
U, B4 ORRA2EHIL CTHIH T 575 2RET S .

5.3.1 H£RAKICLIERLHRORRSORERL

Fig.5.6 &, EAE() LfEAOGI% 0 — p FENNTERBRL L& EOEWREBR L p FAK B
SEMEHETLZLOTHD . CONTVEREE»SERB LT 2RMRD AT A—2 kg
DlHcit Uiz hiEix 5 R 0ERE, BROBE, BERONTVEREBRC BT 3RAER
B (@A) THY, 2IRHROBE, ROCBFTIEROBEAL (o1, 02) THS.

Fig.5.6 »6bh 2 &3, BERONRTGA—R 2RI BRAERRTHIEBROERA TR,
HEERHAEL , EHEEBPEAMELETS. —F, N7EREBCEWT, i togEy
R REERTH DB OLEATIE, o AHRBVWTEREYETS. i, EROHERK
R, HEOEBRAEL o FRAKBT SEFHIRLKE L.

¥, FMRTE, EEIEEFi.5.7T CRT LIE, o FACBT SHH AR tany : & 1%
HHE tanyo %

1
tanye=— % {(AF(po)=A Flpwm)/ k)

o k=1

L (5. 42)
tanrrv=— 32 {(4 F(po)— A Flo-x)/ k}

n k=l

TEELHEHLTWS. 35, B40EEBY SEBARODEELTTL,
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(a)

Accurnulated frequency Af

w, 2—1—Wﬂ] 2__\W, =
F / 1 ) (poz T Per ) -1

: A Jp = A fra

Hough transform of stright line

Accumulated frequency Af

(b) Hough transform of ellipse line

Fig.5.6 Transition of accumulation degree on p  direction.

Ywmax=0aX(7r, 7v)
Y (5.49)

Ymin=max(7ys¢, 7o)

ELTWS. ik, FHRTHFEL
PARE DN 7 EREE FCBWT, B
MORESR, HFEOERESD o FEK
B 2ERBRENMNIEETHD T
Ehs, GADANTHRL LRREVEE
HEBWT, n¥3TEHEL T3,
BEROERIOEREL LUER
DB, EREIOR S BLUERL
E{% £ B D80 RO RIRER»
LOXVERY (ERE) CLHEIL

3

-
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k]

Afpo )fp-mmmmmm g

Accumulated frequency Af

tang, ==X (AR ¢ 1A R pa WK

tand ,=;—7_ {A £ po A AL pu K}

9., = max( 6.8, )

0. =min{ §,, 8, )

Pa Pe [

»( pixel }

Fig.5.7 Definition of accumulation gradient.
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4% .Fig.5.8 i&, &8 l(pixel) EHHESDOREH 30 (pixel), 60 (pixel) DIy E N7
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Accumulated frequency Af
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Irregularity of fine segments ( pixel? ) Irregutarity of line segments ( pixef® )
( Variance value of distance from regression line ) ( Variance value of distance from regression line )
(a) accumulated frequency (b) accumulation gradient tan ¢

Fig.5.8 Relationship between irregularity of line segments and
accumulation for accumulated point of straight line segment.
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Fig.5.9 lIrregularity of straight line segment.
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Fig.5.10 Transition of accumulation according to angle from accumulated point
of straight line.
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Fig.5.11 Relation between radius of curved line segment and accumulation degree.
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Fig.5.12 Relation between radius of ellipse line and accumulated degree.
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Fig.5.14 Accumulated degree for point transformed by noise elements.
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Fig.5.16 Accumulation for line segments.
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Fig.5.18 Exiracted error of accumulated point for straight line.
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Fig.5.19 Extracted frequency of accumulated point for straight line.
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Fig.5.20 Degree of line detection of 2-lines with deflection angle 0 .
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Fig.5.21 Judgement for accumulated point for straight line.
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(a) line image for processing

(b) Hough transformed image (¢) image of accumulation (d) image of accumulation
gradient tan ¢ gradient tan @

max min

(e) extracted points for (f) extracted points for
straight line segments. curved line elements.

Fig.5.23 Extracted result of accumulated points.
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Fig.5.24 Decision of end points of straight line from boundary
of accumulated area for straight line.
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(a) line image (b) Hough transformed image

(c) extracted result of accumulated point (d) extracted line segments

Fig.5.27 Example of parameter extraction for ¢ - p Hough transform for
straight line image.
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ﬁ‘6§08(0<03<7r/2) @:ﬁ?éﬁgk’o’: Calculation of pa/r;tef a,b (:ak:xlation?r’;am!ef ¥ (%).2

Yo ’ %ﬁn’ﬂ L. 92 {kfcﬁﬂﬁu [ o, X ] by equation (5.25) - (5.28) by equation (5.39), (5.40)
’ s A0ds
[a , .YO] f{:ﬂﬂ V- and gﬁ ;‘-fa:ﬁ%ﬁ 5 . I Extraction of aoc;:mu!ated valye ] LExtracﬁon of ao:xmulated value ]
[%:‘}IIE‘I] 2 ?ﬁ(iﬁﬁﬂ?ﬂ F—2= P‘]VG ’ E{ﬁﬁ*ﬁg Ellipse x‘or Hyp::rbola Parabola
FreXy e T oX¥erdy
RROBRHETS. :f::zz::‘:::} a,.x,.;..ag
JES] F—oDaktx SR x'e, Vo B
[FRS] @EFHLT, fxTon yo B Fig.5.28 Algorithm for extracting parameters
Mt hizbolk, 282 HE T 3HEM of 2nd. order curve.

ERBWHRONTA—REHETD . —F, DD aH LT, Bhix'o, 5o DF
HREGHHE AL O, 1ML 2RELORIROAS A—22HET 5.

W, 18, WAL Tk, R(G.28)~G.28) 585 A—% (4, b) PEETE.
T, BRI Uik, (5.39), (5. 40) CHSWTAST A~% (a4, yo) 2 EHET 3 .

[FIEB] x'0, 50 ODEHMCHL, 0-p FHLEDE 0,(0<0 </ T3(0, 0)iE
hhffa, b (HWROBEEa, yo) REHL, 2Ty a, b] Giipgo
Bakla, yol ) WERBHEE2ITS.

[(FIET] 2%TEIIF—2 AT, EREXELYE(a, b) BOBOHEE(a3, ¥o) )EL
THHRETS.

DEDFIET, 2B DNT A= x0, yo, a, b, @ BBEELHD. 20, [FIE4]
THItHE hiz xo, yo OFOP, Bo THIHShERIHL T, (a, b)O@EAMEIHhE,
BhoHBREhS.

REDESW, BOEHRREROKECSOEHBTIZ LT, EBHEDE W AS A—X
ARSI EE2 5D,
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5.5.2 NASA—-ROHBRIF

EFETIE, N5 A— X OERELIS 2RBBDOATA—RERELTVE. ZOk, 1
SA—RABECRH UL TELEELAINGI AR OEBETHS.

Fig.5.29%k , ez md[E Ul
80

OHE¥ a(=x/4) 2HT 5 3ED I | ERERREER
. 50 | 30 ] 20 | 50 x/4| 49.5| 21.2

EMACNLCEFEEZERLEE 60 | 20 | 20 | 10 | =/4| 21.2| 74

%03){_‘_} & '( )@%ﬁ 60 70 | 30 | 10 | 10 | =/4] 141] O

A Xo \Xo

EHERLELOTHS. B, T * s

COBRBE P MOBES 0-pF  Z |

EETE0 S TFomE@REE |

PEULORNLTARELEZDLD

THbd. ¥, 0./ ~7/3 0

¥ TR0 L EAPLENS L
LibDTHD. AT A—REHE
Bk 14, 21, 50 THbH , LB Fig.5.29 Accumulated frequency of the parameter.
BDAZA—2x {8 14.1, 21. 2,
49.5 KRIRIE—FHLTWwD. Z OEBETTR, RCRAShD I CERD x [ETERAE (K
S2TED, BHEASA—ABHHEEhZ2008b0 5. ZORRER o [EORELLV 0. D
WMhATKELELTS.

Fig.5.30k» 2 1 HOBEHCHL T, ofE®

pm/2+0)=p(n/2+8)+ Ao
pc(ﬁ/z_es)zp(”/z_OQ)"Ap

(65.48)

15

ELTRER SRR EEOR0, AT B i

{Presa- 251485 )-(Prr2.05)-A 0}

HARSA—2 xDBREZTLELDTHS. ' \ 2sinfs
IhihdbbhdE5, ofEDBEEA o KK w-a\ r%
----- p=1.
FVRE, £, 05 EAMSVIREHES ||}
SA—ROEERKE (RS, oD, A X ||\
5 =
SHFERAE TR Y, £FMEAEE
5 .45 0s 2 0~x/18 DT, T
A—REHBRENRKEL DD, AT A— 0 L " . FE—
] 0 T2 /6 n/4 n/3 sr/12 r12
ﬁﬁtb'b:%‘«‘fli, Hs%’ ds  (rad)
s >n/18 (5. 49) Fig.5.30 Influence of ¢  value or error of
p value on error of calculated
ERETHONRFE LY parameter value.
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5.5.3 AIA-AHEEROFTE

KRIFTIE, KIFETIRREL 2 2WHMEDONS A— 2 HEAERX B EAL S CEREA O
Bt L CEA L RERCONWTELET S,

Fig.5.31(a) g S{EDHEMY 0-0o FEECNZERL 2EEARR D) THZ . i, N
A= MHERE FTable 5.1 WART . ThrbHand LI, XFETE, BN eK
OENEEOBHEMACH L TLToERAETH Y, TLEEMEAR» LB 4 DFfEMAN T
A=A BBEBCHETDIIENTES . 28, BAXIEZTOEEEIRE L ZEETE,
BRI AN ZED /10 BETO T A7 A—XIHBERIRETH S .

Fh, 54— 2 HEEERENO A REL 2 & 5 BRI BWTIE, E5iE
ErobohdidC, MEBE(L, 2EZFEE)ZALTWD. Zhild, ZRBKCELT,
0 — o FETOERS, NTIA—REERREL TANTERLL TR, A5 A-RFEEOHE
HEMEHOEEDLHIER-> 22D THD. LarL, T2EACLACOESFEAREL 218
Hestl T, BEORWHIEHE B >TnD.

Xa Yo a b @ X | Y
Partial Ellipse 50 -40 20 40 o 23.3 |-59.6

Broken Ellipse |-20 [-20 45 25 n A -28 0

Fine Ellipse -30 50 15 30 /3 28.3 | 51

(a) Line image (b) Hough trénsformed image

Fig.5.31 Line image of ellipses and its Hough transform onto
8 — p plane.

Table 5.1 Comparison between original parameter and
extracted parameter.

Original parameter Extracted parameter

-4 X, Yo a b [ 4 X, Yo a b

/6| 50 | -40 | 20 | 40 7/6| 49 |-39 19 38

m/4 | -20 | -20 | 45| 25 w/4 | -20 |-20 | 45 25

7/3|-30 | 50 15 | 30 7/3 | -30 | 50 15 30
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RWZFig. 5. RWRTREMEERCHA L »EELRWEA(0r /9= ¢ =177 /9 xtL TR
BLHERETable 5.2 WiRT . 2B, dRBROH»LOEEEATHMAOFEGREZRL T
W3 . Z0BE, BECET ARMEANEEL KOO T, EMASY vo WS S AT, Emmsy
Xo' LAHH NI, Z0A, IR HT 235 A —2HHANEREh, ¥, aBERICR
EhTwB XSt nd . Fig 5. B3R MEEh WL TOBHA L EEE S ELLO

Partial Ellipse
X, Yo a b a ¢
0 30 50 30 0 10 PR=¢=171/9
0 0 | 50 30 0 107 9=¢=177/9
0 -30 50 30 0 107 /Q=¢171/9

(b) Hough transformed image

(a) line image

Fig.5.32 Line image of partial ellipses and its Hough transform
onto & — p plane.

Table 5.2 Extracted parameter.

Extracted parameter (x,, Y,)

« XO yO

0 0 non-extracted

Y

Extracted parameter a,y, as parabola
a Yo
0 Fig.5.33 Overlapping of
extracted parabola onto
0.008 -30 line image of partial
- 60 ellipses.
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THd. 0L, ZVDOThEDI3DDOTDEACEWETHIHREA/HHEhTHS.,
O &S CHECH T TES U FECROBRCH U TSR E U TERURAS A— 2l
HARTEETCH D , ZOHHEAS A — 225 ToEMAMB*EFCETILS.
BLECRLEES K, IR EOERE» SO A -2, BERomEicAvsh?
0 — o 2RTNTA—RERD LD 2R DN T A — RN TRETH D, BEBEELTIAE
Y—ZBED 256 X 256 DAFEERIZR LT, £ 136k A1 b EIEHWC/ME T,

5.8 ##

FETR, /A APHREOEN 2 ETHREE S L ERES & ZREE RSBl oy
NTGA=R2% 0 — p NTRBRFHE»LRFCHET S#ichFEzm L . UTEXHRTH
LbhERREENTS. '

1) BEOEHE>»SBIBEERICHL TR, § - o N7 EREGR EOEROEREES
JUOERERHEISERBIONAS A—2 (HE, YA, MR MMBHTEETHY, T
OHEEEERELBEE L,

2) . kbR M, MR, B OEBBIETT 0 — o FENON 7 LG (8
BAEE) Lok ZkiiRouEs(0=2/2ta, 7+ a) CHTIRAHHED(6, 0)
EL S ZIRMBDNATA—R x0, ¥, @, b, e RBESTHHTES.

3) BHE 30(pixel), $EHH0& 0.3(pixel?) LT DEEES, #iRALEZ20(pixel) AL
DRFRF T DN 7 EREGR ETOEFERCBVT, .

[ER IOk 35§ ; HEHEN=18, tanfmax=10, tanfnmin= 8
HIAE D RS V12 EMERZ 5, 122tan0max= 5, 82tanf = 1
EROLEEBERS ) 6ERER= 1, 52tanbfm.x> 0, 1=tanGpin2-4

C THY, BRUTOTEERE ) A XOEEThIREEGCHL T, N7 RBREG EOR
TRER, RRMABME» HIRTR 30(pixel), A 7D &0.3(pixel?) LT OEMRMRS, Hi
RAEE 20(pixel) LD RIIRIR S B HBEHIH ATRETH 5 .

4) ERONTA—REETNTEREG ETCOERSHRB VT, £BRER, £HVE
ORERETHHI QA ROEFIBWT, 0 FAERMTH 7 4 L E—i2 & 5 FiR{LLE
Tk, HEaR 30 pixel BE, BodlftE 0.3 (AREED»S OFEEEYHL
{B) LTFOEMCR LT, MHEIESRZ 0.8 pixel AT e BHECHETETHS . ¥,
EHRAEEOERER I HUED? SEBREDORIMHEH S Z LA TES.

5 FRIBARKLDBHNAT A—RHARGUTOEBEETS.

O FAHARE, F—OAERTTRCOEFRSS, REBEHTE.7 2 — 2
WEEETH B .
@ FAHRKLBEAAT A—FHETR, BNFSIBEEL TBhIEE SR T
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LbEDOATA—ZHHATES . 5, REE LBEHICH L THZ Y 0
BRCH L TOHARE LTAS Al TH 2 L L DAY TR 2R 2k
STEMNTED.

@ 256X 256EFE DAREEZICxTL T, #9 136 KNS b /NS A EY —CREHH
BETHS .
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E6E BAEGETTUREBGHAIRTHREY AT LDIEE

6.1 BRL®»K

SKREHAE VAT AT, TVIAITHEEL L SRTREMEFCTT HEEESH»S ,
HORERERETSHEY, B, HEOMNE, BPRBLTZhOHEOKMENDRNRY Bl
- BRTILERDD . FIEE TR L LBRERD S ORIHEEOHE , N2 —VEEHOD
AR =R, &4 OEENCEThIEREEZTREROMETHS. Zokd,
AEMEOTRRER EITIHE, 45, B, BiE, BEXE4oHd - SR 2hoHE0%
MO OERBBBEERD. '

Fh, F2ETHRLEEIC, BRFAEORRIBUREBR L AX—VIEXEERHRATSE
&Y, BRESEORBHEOILIER LCERED L ) EWEREROMEHIFTE IR,
BEEEHRARE AT AOBLECB VT, Zhd 2EOEE,HE S h3RERIGHEOHR
WHERETILERD S .

ZIZT, XETH, ECRBWT, EROFE, §5hIRRIEROE , BRIEHRIUGHEEH
BREREDZEWEHL, ThooERPERL RRERHE - B3R 703Y LD 0WTR
Wb, BREGZGEAZ—VEEIAOSRITHE AT LAOBELL TS,

8.2 HEVATFADHEE
6.2.1 N—Fvx7HR

Fig. 6.1 WERIFETIBEL 2HEE AT ADODN—FY 2 PHERPTRLEDDOTHS . VAT
Lk, EEEREE LD ORER, HEEROLOORER, BLIUELKLEET—20D
MIBETEFR, BAEFZROHEEITI LOORABRECHHPNRTVS ., EROEBREUTDOLS
KhoTwad,

(DiRER
BIFRETVIRAS, BEANEE»SRD .
@TVHhAS
mBE 14V FERER - BRFERHEEE (Ar=a)
FRIREE | UL 600 TV
R0/ 500 TVA

(b) Eifg A1 E
BE{EAEY ; 8 bit 4 plane 256X256[HFE
=N V43EY ;1 bit 4 plane
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Image signal —
v camera AD
@ ' = Sye | L Blectical P
1  moire circuit
/ Laser Image

i memory
Z _ Electrical circuit B
Pulse motor
Image data Command
Address Status
|
Beam on/off

Motor Computer

driver Driving pulse M) Monitor TV
CPU ; 80286 , 80486
Clock ; 10MHz , 20MHz

Fig.6.1 Hardware of vision system.

(2) &3
RARKBREGERAORAKEE R Y v bV —PHEERND DO V-V, EEE
BRERIVIS—DHRS.
(a) AR B
BIEC7 7Y VIRZELL 724 OWEEATX 6

) ERENEE (AT Y FE—R)
E¥x/ 5 0.0072° /pulse
BaELUEE ;£ 0.0014°

(3) E %
CPU ; 80286 (ymyy 10MHz), 80287 (yby) 10MHz)
80486 (ymyy 20MHz), 80487 (yuy) 20MHz)
AEY ; 640 kbyte

6.2.2 AHEoHh

ZHRCHEL FREEREABE AT AC B 3ERESREE 71T Y XA %Fig. 6.2
Wind . LEFIERUTOEYTH S .

[FIEL] TVAIASTHGHERREL , ZORKEGREEZRA TV ICERDAL.

(FE2] HEHBARV—R2ZIVPEOBRDEEBRETS. ‘

[(FIE3] BUKREEER 0 — pFEANIEBRL, BT A—-22EHTS.

[FIE4] HEIhEEHATA—R2EE, AEWED 2RTREBE S Y 3HSY, B
M, HREZHEL , ZhoHEOBAZNDER) O - k%17 .
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| Input gray image I
* Generating slit pattern by

laser scanning and image
accumulation

I Edge detection ]

Y

I Hough Transform I

]

l Extracting line parameters I

Slit pattern

Moire or slit pattem ?

Moire

rFormation of moire image I

l Input moire image I

r 2-D shape descnpuon
| Extracnng pattern information I
[

I

|
l Correct 2-D shape desenptlon 1 :

K |
| 3-D shape description ]‘—-I

Fig.6.2 Flow of processing in vision system.

[FIE2] »5 [FIH4] ORBERITHFMEICAY v PV —FREERKEL, 7 VHE
BEEREES.

[FIEE] BIHELTEASTEhEE —
B B B8 % — > 630 % " w e |u_ .

I3

?‘ % . I . [ S3 Iy

v

(FEG] HBIOBHENAX—VEH»S2 s v o 5w
KRB F— 2 DIEERTS . s °l
[FIHT] AR—VF—RBRCEEOE - &
BAER (EOME) HLUHES

D3RTEREEZEHL , 3kTE Object
KT — RN T S . ITR

Si S2 S3 Ss Ss
NEoRET, 3RINEWEOERERE
L, Fig.6.3 WiRTREBER T — 285w
BT 5z ek ERERSTTDIhS. &
Q7 —2EER, ik, Ty, B, HA0
APEERELE>TRY, B4 0BRTF—X

Vi 3 2

n

. n e Fig.6.3 Hierarchical structure of shape
tEREE OO LR BERBEA TS, data for 3-D object.
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8.3 WEKEEZPL O 2KTERER

BIECTLELIC, BROATA—2 (HELYR) BLU2KHERONAT A—5 (FL
EE, WE, Motf&) »MEEEER 0 — o FECN7EBL N7 BRERC B 2ERS
BPOBHCHETAZENTES. ¥, EESOLZOEECEV TR, BHRECEETh 4R
FEBBEFOBE T, ERESOHSLDERAEEI O/ ENTHETHSD. LA L, B
RSB O VERE B AEESCH L TR, B, ZIRHERORS A —2 ki
TEAN, BHELTOHSIRO — p FEK BT HEHLSTRINETE RV, Zokd, &
Vg HE S SN EMEOESY , B, BRI ThSoifiEgE i L, BRiEd+3
ik, T, SGOEALRAESHEAEHILT 3 0ERDS .

8.3.1 BANFA—ZIAICXHBRMEEER»S OEHHH

0 — p TEHSLESNEER, SIRHBO/ST A — 2 b b BE FO RS OFEGE (Y
A BT AW, Fig.6.4 KT LW, MEHIhEZER, ZIREROT A Y #TOMK
EgcEhaby, A7 AORERFERBEYHETLMEEY . Z0ASA—ZTR I L
BN TR L R hiER SR VAR, YAF Y 7 OHEE YA OB ERHED 2
HTH5.

Fig.6.5 &, Eif(a), HEO) ICHTEIRA I OIFHETLELDTSS.

T, BRGNS QCHL TR, RFT3L51C, 18 DY A7 ¥ TONEERCERS
b, ZOTA AR HLERCH > TERA— X —CE4EL , Z04HERNTORNE
FEOERERCTIEINCHMT S . 0% D, SHERREET 3 ERCHY T SEFOM
2717 b, FELRVERCHEY T 3EIEY "0” ¥ 3.

e, 2REEOBAR, ORCTFT LI, NIERCE VB hEAS A—2 2R
EMOBE LFHE, 18 Foa DX A7 2 TOMEEZCEREDE, 0,=0 »5E45% L, &
FIEFISE TS . B OFTEREIRE OBFF— 2 hoHHTE 3.

KEDEETI, /A AEBEELTED, 35K, S AJHACRMOBELERZDLEET LT
Wh. Ek, BER—ERELTOBEIELSD . ZORYD, ThHDT L REEL LHES
WAREERD . C TR 6.6 WNT &SI, BHBR" 17 OFEEE o), S
EFR" 0" OIE% W blhE&, F40BTIDROLITHEL TS,

J 4 ABFOHER, Fig. 6.6(a) KT Lo, ” 0” ERCHELE” 1" BERECBLV
T, ROZMEH LT L&, TORHPERE ) 4 ABHLLTHEELTWS.

Wa) = Wing AND Koy 2 Hino 6.1)

KB LDE, BIBREEEETD ) A AEDOKEOHEEEL A 3 pixel AR, AV 2%
V5 DIES L DRZEAD 1/3 rad. L TRERSTED 5 pixel LTFTH5. 20 &hd,
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ANINY
[\ [ BN
' Ovedspping i '
! . parametny mock 1 1
N ———l

| 7 \\

[ ee———7

Fig.6.4 Extraction of line elements by parameter mask.-

6 0 N b on
[ofof- - -T4[4]t]---[1[t]1]---]0]

(b) curved line segment

(a) straight line segnent

Fig.6.5 Parameter mask and data storage of line elements.

---lojofoefo[1]1]1JoJoJo]e]--- ---l1l1|1|11lo|o|o!1]1]1]1|...
]
 — : 1 1
WOz W, wosw, | woz w, WNZ W, (WO, | Wiz W,
---]oJoJofofofoJofofofofo]"-- A ]
(a) noise element (b) lack of line segment

Fig.6.6 Judgement for noise element or lack of line segment.
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EVATLACBTD) A XBFRUEL EOE Hint, Winz % 5(pixel) ELTW3.
iz, BroBthHER, Fig. 6.6(b) KnTLiE, ” 1”7 BRCHEELE” 0" ER
BOT, ROFEERELTEE, 20" 0" BRZRITORBEEREL, ERLEESEL
THDHS . ThE@HRLEVWEE, FRDPEREER LRI ELTRMHES .

W = Wins AND Wy 2 Wthz (6.2)

I TR, 256X 2B6EFE OEFLEGELEEZE LTEY, BRCEEhIBHEN
80 pixel BAHNTH D , ZOHEBZIC B 2ZLOEVINH 10 pixel BMATHDIZ Lhb,
BOBUNHEDL EWE Hins # 10(pixel) ELTW3,

BOHMHABECENT, £7F, 6.DR0J 1 ABEROHELERZITV, J 1 AEZOKRES
ToTv%. ki, 6.2)RNOEFBRVNHERITY, HOERLEL LT, BRECEESD

WREHELTWS

6.3.2 MRS T7—XEEC XS 2%RTBRER

RIET L A RBEC &) 245 0HHATbhS . LAL, ZOBRKETR, EEN
Fig.6.7 WRL L SWCHERLI R (AR TEEL TWEIXRELORFHEIATWED , TE
LRBEHS . CoRMERERCTT LI, IRTEETH L) CRE ORRERE &
ETHILERDD . NTA—EIAI LB EROHH TR, 2~MEFREEORENREL
5. Z0d, SHAEOERNNE RIERER R EoroRR) ELTAELTWS. &
ZTW, COEBREFEROLICHREL TWD

D Bid280 (4, £) Om=EOE

BARrEDAEVEE, BEL TV L __ i N
LHEL , B TORHORELT S . Yas) /

(Fig‘ 6 7(8.)) (a) connecting pattem A
2) Binb385(L,, 2., Z3) LD

AHEOEES rEVNEVEE, ThHD - _

BHGEEL TOBLD LMWL, A% 9

FhoDEHEDOREDELETS.

(Fig. 6.7()) | _
3 oS (L) OWELMOWS (L) | /L_

BIOEHER rk DhEVE &, Zho0H -

SHEE L TODEHMTL , Z0IEER%EHE

HoiEHEEd5. (Fig. 6.7(c))

{b) connecting pattern B

(c) connecting pattern C

PRI Fig.6.7 Connecting of line segments and
LEORET, BRI OHEANERERD, ’ decision of vertexes.
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St L2 Is

ha vio

Object

St S2 S S¢ S5

holz2 B3 I Is Is 7 I8 s ho ti hi2 ha ha hs
AN S

> b N
A.q> \,\‘ \’ '\g'\'v\

Vi V2 V3 Va4 Vs V6 VI VB VI Vo vit

Fig.6.9 Tracking method of surface

. contour and object contour.
Fig.6.8 Description of edge lines Ject contour

and vertexes.

T D&M L R A, TIEAE L TES RS,

W, ERSEOOEADIKFig6.8 KRT I, EREALTEEhEhD., g6, &
DO LTEEO T — 2 M SES, REHROME 2175 . oFE X Hik, Fig.6.9 CmT kD
CHE & Z OEEEC S TRIFEE Y iRy, HROBHETY , WARIE 2 E & THRE
B0 igsy, HEOBH®IT) . ki, TOLETR, BREIN2EEHEhDZ kD,
EEHO2EOEMERTRGEL TS, CONBICED, Fig.6.3 KRl EREE T — X EEH
ERE h3.

8.4 NEx-—ViEROME L Ehic &% 3TERER
8.4.1 2&aEAERFHCESVW EEZEOREROHE

FBLETHLZL I, BFAZ—VERNEL LFITRFRNEEEB LT ZRAASELE L
5E7 VHABERICEWT, 2 FETHER, MOfEAH—THY, ZOBOHRE, HELD
BEH D SRTHLBEHLHETES . Zokd), FEJLCEFERYHHETAELVY. 20
B, FELCTRPHTERBEERD, £, BEMECTERPITHEABE RS . o2k, &
BHMECRBETRL N7 EROFABENTHI I EEZTLTVS.

Fig.6.10 k. WEOEEH ZEDE7 VBONTVEIRFERERLEDDTH S . d5hEo
BE OEFHE, FIEICRAL LBXEE» 5B 5 h 3R IREEERBCEREhTn5.
COHEPERT— 2 2RHCEHTAOEL 0 — o FEKCN7EHRTS.

R, B 7 — R 2HECAX—VEEISZOESAOEHET — 2 2 EETIHEY
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— > |

%

i[ 7 Il IS 12 14 13
Jmini ‘ l -

O feae
/ Hough \ ) 11 -
transform
NINR S SYPURS H
1

Fig.6.11 Scanning method in each

Fig.6.10 ?Pugehi::zr;ift?rs'tr?;crgo”e surface by utilizing 2-D shape
ring : description data.

Fig.6.11 Wird . RETFT LI, HOEFECTH 3 R BROER (THR) OEFEEEF(LE
FREHTHL(LNBHRTEL, COFBEERORKTRT LI, WAD I EFED/HE W
JEC JHBEZRTTEET S, ZOLIRRASAEBERT -2 X80T, FREBOBEHD
LEHEZHOBRROMMPHEIAORERD ,, BHEIr ORI CEIAOERT -2 2EET
T ENRTED.

6.4.2 WEEHLELhILRIEHOHERS

EEEEHEL L &, Fig.6. 10TRL &5, H40EHNE LIEEOBEENE
TW3IHEE, ZoMERPEI 2RTHRER T — 2 @ SRTHKEREAMThE L v,
LoL, B2ETRL LI, BIREEROTRLE X 2 58l & h REHHSPICER O
R—VHREELEY , BEESCBOTA—OEA R — VNI D 2 End 5, £, B

EigHSEORIESHCAR -V ERAERERBRVEELH 5. ZOkY), HEE)HE
%h%%kﬁﬁ®$—ﬁﬁwkﬁ%@ﬁbkﬁhm&%mm. |

(D BDE W B DEHE ORI RTE

HTERGEENTRRL LSS, FERZHEERRTL LGR0 0 ERE—-TH 50
7ERER ETORERCH T IEBREA—0ELCYES . - T, BUKEE 1%75“5?%%
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R 2RTERER T — 2 CE ST, ARNOBENTZRL & &Fig.6.12 KiRT L H1IC,
EEOEBEMN2IEED I EX R L TERENEHBER, COENCER2DOOEMREEL T
RIERRLTCND . 2K Y, NVERFELTERCRIKEERIC B DIFLRTE 2 ¥k
TED.

EEOERE (B0 LR3E50\EE, Fig.6.13 @QDL> W, BEIENT IEROH
DO2TERLRALRYON, REMRERORBRVWIESTH D . HET —FXBRENETThi VI

(a) pattern image (b} Hough transformed image

Fig.6.12 Hough transformed image for projected pattern image on
adjacent 2-planes.

____Candidate border lines
of surlace

Fig.6.13 Decision of boundary line betwen
surfaces by moire fringe.
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A, NVERTEEALHE S h L 2EHOKREE, I BERABRHELTRARES. L,
RECRABT -2 CEEEXEL. Z0kd, TOBREFPERL T, Fig. 6.130), @ xRT
KO, BROEMHEL L HBBEE ORE Py, PoyMOEBELNELERE Thy TS5
—FEHWTAIEEL, ZO—HBTERAAZ—VEBEZESEhAEOR L AKOE, h
PHLOEFEE L THOES, JOXTOBEBEBEL TS,

(2) #BLEEIC BV DRI ORE

FUBHER R RS Mk 2RTTIREER 7 — X 10 517 S WA QRIS 2 — v B
FELTOSHER , BIRHEEC BV THRERARE L TORTHEERS S . 2T
BB THRBEAKREL TO35E, TORBELHRBR L T 2ES 7 X RBREd &
hTwknizd , AR — VSRR 2 OEHMCHT BBRER T — X 2IERT A LERD S .

RN CER IR EAR—VERENIVERT ALY, A— 2 — Y OREER Y M
HE2ZeRTE, BHOEREPMBETAZENTES., &k, SHTHCESTIERICS
WT, ZEREHBRERDHAR—VIEEEL TO Db, EEOBERESE/ X — Vb S
HETRETH 5 . S5 X — v OBt ouEE , & 7
ki, GHOMESOREOBE ALty (7 v,
5.2%b, Fig6. 14 @EFRTEIC, BIK : -
HEHEIC B0 TR REL TBD , A2 —Y
I 2 TOEMCH L TAX— VEABRE h
R, ENOHE S hizh > tALOKE O

FORH & DT EAMThOESER LR Eh? Lack of edge e Perfect detection
BT, MR-V ORI S RB . 0%y, (D) (&)

IR E iGN 2 — v EBEH TR
BREZWAR -V ORENZ OHEY OB (B
) CRREETIHHE, COBBTEIERL
Twd.

B, SWIACIRESE L 2VAERIK VT,
2RTRTRECHBHEL AEE L Tiid&dh s
CEehHD. TOGBRTE, MAR—VOEFEYE  Fig.6.14 Decision of contour line by
AEODT, 3RITEICIEEL L T & motre fringe.
THIENTES,

Correct Wrong

Q) FLEE B D TERT

Fig.6.15 Wind & d &, BRUHEREYEZC2RTEERENHHET22E (S1& 520 &
B AN —UERE - (On1=0m2, Sx1= Sx2) LB, Z02HIXE—F@EL HWT
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&, TORAESERRTH BV, V, VeRiiES h, Hits —
CENBRE NG . wHR 2oRARRE LS BIEA Gy o
%, A—FELECHEEL Z2EREETS. Z0BECE, :

L OBESHCEET ZEC VTS , FREEESSS .
TREBRELEWEAR, ZOBEATHESRERT . :
KL AFATE, A—FPELOSE LU S hi- B8 0% .
RO THEAR AT 22T hCRA—FHELT> Tl [Yerex o ittty vevstet

Pattern data| Sx,, fa

s || :‘: ':i*:
(4) & 7 VIEBHRREED SIRTIFHRDHEE
Vertex row VVy V‘ WV

BB EERP HEERE h PSR — VEER Pattorm dats S, 0
BRENTOENES, COACEINIRRN IS, i Fig.6.15 Delete of unnecessary
OHEHDOEHEREZE K SRTMERBREF>T0w33 8 surface boundary.
PHUTORKCEIOT, BEAENCHDOAENERETS.

WE, BC3RANBEERREF > TOITRAE Vi(Xx1, ¥1, 21), Valxa ¥2, 22), Vs
(x3, V3, 2z3) T HE, RODHEOHERR

X+By+Cz=D (6.3)
(x,-X3) 24t(x3-X1) 22+ (x1-X2) Z3
(¥2-¥3) z1t(¥3-3q) 224 (31~ ¥2) 23
1
Z4™ Z2
D= x.t B yqt C 2,4

HL, B=

c= -

{(x1-x2)+(¥41- ¥y2) B}

TKRES.

8.4.3 SUTHERF—2OTRFHELEHEELERL L7 — 2%

FIRCTL & 52, RREREORRDBRERE A —VEBEHATI LD,
BRERELLEERT -2 28, £k, Ro THHE S hEZRBREROHK A Thh, D
BOERERATThhS .

T, Hith - RS hERRT -2 offFHEE LT,

DKM o EFE

DMET—2 L TOEHKE
D2ODERELRD S .

27, BREBOEHEETH LS, REEZR LAY —VEEOWERC B T—HL K
F—RRRLEFRENEVET XS . BEOBRT 2B —HL kr-> 256, L DEHRE
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REVWEEZLABTF— 2 ZRCERBBININ, MEOHEZEOBRBRE—HL EERT
— R CHARTHEHOEHEERETT 5.

— B}, MESAT AR, BedRyo SaBRE2ME TS5 ERIBRBENTH DO TR
Wiz, 20BN EERT—2 2BEEAHEPe Ry POMEFIHLECHFERTLIZ L 2E]
RBELTVWS. EERMASHHEIhLEREHCEREOEGR2 LRI ENTERE, 201F
HOHEARC , BPECHL TEEEOB b OSSR DT Z kbR kB,

Iho0BEAPS, FT—E2RLR—HTHho b EDUEE2HEL FEOFRCE, 2oz %
RBIZEREROHELS LEERTECERTHD . FVATLATR], HEEISOERT—
ABR—H Lo kG, B TF— 2 CERT—HERT 757 E2FML TS,

e, HMBTF—2 L L TOEREERSDWTIRETT 5.

EUAF AT, SKTRRERYEEE

TR & h B2 — Vg OEIESR, 5 ZOED il
ffga, BREHL, ZOEDMEE LIk P o the o PO
HEEISERENIBRIGRLETCOTERD 2 Calculating sudioe equation of
RSTEEIES 5 BTHAD S UTTHER R HI L T pom P 00U measred
W3, ZOHSEEZEHOREEXZ7LTY X L ?ﬁﬁ:ﬁstésﬁ;imgs
¥Fig.6.16 Wind. 7, HEFhRiNTICE

i

¥Exhi=ZAYy MRS EE, YELEOES Calngjlfaﬁng surface equation of Sus having below
condition
“py — . N - 1) Su1 adjacent to previous measured surface
DEDSRTEEZEET D . R, ZOK 2) Swi has pattern data
3) S have not processed yet

PEUDHEONZ —VIEHH S ZFOED HIENX
PEHL, 2OECET ATEHSED 3 IRTTHERE
PEHTS. CZTHRESKZTESEN, 20

Have all surfaces having pattern
data processed already ?

Yes

Estimating 3-D data for non-processed

]Ef_i %é& i fCﬁ*}nﬁf‘_ﬁi)\‘S& F Tk L\Ed) surfaces or vertexes
HEXORECEAShS . ZOBVELKE =

&oT, HEW, FEMCBPHETIH, 20
L DEDIFIC SIRTIERBREEh TS .

T, WEEERTIEAZIEREHL Ty, BHIEFORCRIECETS
HADSRTEFECRIBELNEFEI TS . £k, HOEZX L 2RTBERERT—21CE
AR ORTERENOTHRO SRTEFENREEND . COL, BOIhINERER,
EOFEEOFHRE L 2B B PTEROMLEREZOWEC LI DREL h, HEDHEE
RRRLLhIK, B4 OROFHRZELTFHEEhD . NLOoRE2ZRL T, FVATATR,
HREFEHOH LOFEER[E TEHRRENMNS W ETHShIREEEL , HHIFEER
TELIRPNPELRDIEICLTOS ., ZOLIBRMEREL 2 LT, BEEHEFBLVOF
PHANMNEBRZZERT -2 XMANTEZ k), BRNET -2 OEHEEOREL T
3.

Fig.6.16 Algorithm for calculating 3-D data.
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8.5 SRTEHNFMUHLCHTIVATLAOEA L T OHRE

BIETE T, FFRTEEL LEEEGEHFARRE Y AT ACB T 5BREHOHE & 20K
BB DO TREF L 2. RETCI, HBEL RREEEHARE AT A% STHEERE
WECHEAL LERBL O MERTMET S .

Fig.6.17 REHFEO LCFAREREHL L 3RTAZMECHTIERERTHD . (@), (DA
TSR T INEEETHIBEEGE L E7 VBEETSS. ), [d) k&4, B0gl
Eg MM EEEEYRT . ShO0EE»SELREIRTERERT—2% DKFT.
SOOI, KLAT ALY, YEEHEATIES, BIR, HROBAZEHOLRAYDBIY
SRFTERT—2MESIhS . ZOFEAZRR, MEEEBVTETORRT—2185h01
BEO—RITHS. ‘

Fig.6.18 , Fig.6.19 i&, BIRHERC RV THRIMKRE S hizrh - LIBEOERERE
Y.

Fig.6. 181k, HEAHMEZ X TG L LIBREZR L b & KBROKRE L ER, -1, (@-2)
WRT & O R 2EFEOBIMEEEAEO W, ZOoTHEOEIREERE ORCRTE?
UHEEE GEMEEHL TH D) 2HCHEREDR L EENDTHD.

Fig. 6.19%k, N2 —VEEE L CETBFRAEEEE AOLBRTH 5. K(a) Hixigihik
R HI\KEE T, Z0BDREFZENAROD) THD . ZoBRIBEEEEY N7 ERLE(C),
EFEAHHC LY RW) CRTHEERR2ED LD, ZoMEFES2RTERER®RL
Twd., ZOEEHEH LT, RX—VERONTVERMNITOIS . RRKRL DD, B0
BRELC2EA 1EHE U THE S h2EMCE T 38—V (D) E 20N 7 EiRE (@) TH
. ZON7EREBECENT, BERZ200 JEREFRANEEL T, ZOEYH2H
THdIeHEER, () CRTLIREREBRMBEIID. COLIREYFO/NES, H
DR THOMEE OEI/NE O REGE > S b RIFKE S S EMNFTHETH S .

PECRLUAE W, BEEREPHALLEFRAR I AT AR, BEEOFHEEL L LIER
MBEENAL , HEBEROEHEEOBVRE AT AL > TS,

R, FHAEETH N, BREERYRECL L 2IRTREREERFORER L COTERDEEZ
ﬁt%hf,ZMmlumwﬁﬁtﬁofh%.it,ﬂﬂ—V@&%EKLtﬁﬁﬁ@E%
DFHFEZER , STOHEEZ IR hBZBORICLVELLTS.

Fig.6.20 &, E7 VIGEE»SOEOFAE OFHHRETRL 250 TH S . K@)k, €7
VIO RS AER(LHEE (256X256) ETHEFZZODOKEHLTET7 VEOHEMEnSx, (&
On 2ORFHEOEE a, BERDLHDa, BOFHABELRLALELDOTHD . iz,
Fig. 6.20D)ix, a=8=40" OEEHL THOEI 2 BILE LD, BOHEELT
LELOTHD . Thohbahd ki, MORESNNERLEL b O TIREHEE R+
BELRESE>TOIR, FORIPUERULEODOTR 1° BNOEETHRHEOIEE
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(a) gray image'

(c) moire image

(d) judgement image for
surface gradient

Monitor 3-D coordinalaes
address (mm)
) J x y z
a | 178 72 | 10036| 1959 759
b | 174 | 20 | 11565 1630 a5
¢ | 207 166 [ 10033 | 2180 | -717
o | 188 | 207 | w1478 w2 | -uae0
. 9 | 217 | 10s29| 229 | 1487
t 58 | w0 | 11303 | -624 | - 326
9 7 o | 10758 -206 417
h | 123 o6 | 11425| 652 43
i 143 “ 9016 1079 | 1131
| 114 121 10734 | 497 1.6
k | 163 | 14 | 10853 saz7 | 356
) 120 | 9784 | 617 | 744
Paramater ol each suface
P P2 P3 P4 PS P6 £7
S1| 0545 | 0388 | 0743 | 840
S2| 0546 | 0380 | 0742 | 10846 | 0707 | 0747 | 500
S| 0545 | 0388 | 0743 | 5646
S4| 0623 | 0780 | 0050 | 6543
S5| 0593 | 0448 | oe69 | 5031 -
Plane : P|x+P2y+P=1=P‘
(e) result of 3-D shape description
Column Cenler axis ; xP, _y-P, ,Z'P'
Pl P? P]
Radius P,

Fig.6.17 Processing result for 3-D object.
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(a-1) edge detected ' image

(c) 2-D shape déscfibtibn '
corrected by moire image

Fig.6.18 Processing result for 3-D object.
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(a) gray image —— (8) pattern projected image

o

(fy pattern projected image on
surface described by 2-D
shape description

(c) Hough transformed image (9) Hough transformed image
for (f)

(d) 2-D shape description
from gray image

(h) result of 2-D shape description

Fig.6.19  Processing result for 3-D object.
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Fringe fength N ( pixels )

(a-2) (b-2)

Fig.6.20 Measuring accuracy of surface gradient.
(a) influence of surface gradient
(b) influence of fringe length

MNEHEIC&ETW3S.

¥ 7, FEOEE, Fig.6.17 WRL 27 UVEERICH L T, FEORLET OfF & 0Ff
HIEREEH 1° A THo 1. |

St EO& RO S RTEEEOHHEEE , WEOE 4 0V 4 X, BOMEEERCIDE
b, —EMCEETEROA, RERTHEA L LWECHY 59 4 XOFHEL LT, BF
FA XD2UILETH > 1.

EEA DS SRR E TORY AT AOMEREE , 2HTH 1l HhhoTn5 .
ey, ZONEREEIE, CPU A
80486 A=V IF LAV E 2—

Table 6.1 Processing time.

HTRBL LERTHS . B Processing Processing time (s)
B D MER #Table 6.1 R Edge detection 5 0
M, N7EHUC 8,38, Bk Hough Edge inage

Transform Pattern image

6.0
2 QLB QTR - Parameter extraction 0.2
LR E LT, #1807 Shape description 0.3
PT0D . NTRBIES LT Scanning each surface 0.6
Z UL daeg UBEARYE bV U A
DT, ER ny Y{LATTRE
TH5.

HC 2. 0MELTWw3. 202

( Processing CPU; 80486, 20MHz )
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8.6 A

EREEORZABEEEBEENAX—VIRNEERZHATHIZ LD, R4 OEMZP&EML
EHBESOEHEEOE OSIRTHE AT ARIBEL L, LTEEY AT LAEBHICY =
B LEEBIOYAT LAOMERPENTS. '

(1) BEEEEAZ—VIRNEERZOERFENERY , E4258 5 IERIEH, B&
U, BEREHOMETERWEENRLS . XOATATR, FiC,

() AR—VEROEERTOAR— OBLAEE R > TR TS B DAL ,
BEERC BT 2 BREALERNTH Y, BOOBRECRBREESERTHS.
(b) BEROZELE, BROZEZITCREIHFHEOHEC L > TOELDDIZFFL , S
R—VRBRNEBC BT IN -V REROBMRCL>TOAELETS. 2Ok, H

HEhERREHOEEREE A —VEEOFMERTWS,
CEREBL, BYEEELSOFZIREEGEYEC E T 2RTERER 2TV, ZOTRT
—XBEECAZ-VFEREHBEL T, 2RBRERT-20REL , REF—2DBEM%
TOEREEMHE 7 LT XAREELE. ZO7LTY ALY, BRERORB L L
VWRILED B THE ENTE, BHEEOBV S AT AT .

(2) ZVAT LB HEEEER, 2RAREN L TOHEAMNERER2ERKUN, @O 3
RTDEE o, BOFHRENNL" LkoTHh, FTEAD SKTEEEDHHIEER,
HBHEV A AD2%EETH D .

Q) FREY AT LOEGIEH, S SRR E & TORBERHIE, A—VFLaVEa—
2 (CPU 80486, 20 MHz) 2FVwTH 11 #TH 5. ZONEEBOHFT, NTEHRD
LD DEEN8HILE (F98F) THB. '
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E7Z CADEFILTF—RIZEDL 3XRTHERIE -
'ﬁ%mln\n * g’l;g‘g%/%

7.1 RUBHKE

BFEFCECRLEZLIC, ERFEORLRIBHUREGENAZ—-VEERHFAL , GHE0R
ORISR S HEORRIEHROWHE - B L 2EREUSEENEL , »2, EEE0H
W3MRTHEE VAT LAEEEL 2, CO3KRTREVAT LAOHESFC BT IIGAE L T,

D {EERSEMOTYZANY Y VT, 3T, BERECB T SME - B8t

V-

2) BME 3 AEEYEZEBOEENZOTHHE - #HIE T 5 b ORGSR
REMRHD.

FETR, UEVATAPLBLNEREREHEZ L LT, BIFATE N3 RTHEE
BETHY, EOLIBREBEBICEINTOWAI»REET IEREZBNOISAZODVTRETT S .

EROZHETE, ABPMEL2RCHTRAEDORAETILIKE, FHavEa -2
SR NG EORMENRE T —2 extlt - BETHETAR—ZA MV a YRFHHT
$H D143 14D e MK, Y Y MR EOERR E 0 2IRTFHEAE» N D O DR
PR—=Y T 4 =B - ETHEDRBRCEEL h3IRTWiE (2%KTE L TORIRW) D

KITBRIEZEAETHREATED, TTREARALIR TSRO 170 & SRTHEDRE
RIBFCHEL T, 2RFTHEHH» S OIS - BT 1%, SRTHEMREAVLEE -
LD VO RPFE TS,

Z D 3RTHEDRIRE - R 2R kO REE - B HART,

(1) DHEOEIPNFPEETIHECLD , RAABERLD, BO5hIEREENERD.

(2) HETF—2OTHEEE, TEEIMEHICTKEL.,

D2HRBKELEL>TVWD ., 2F D, SIKTEHIFEOERIZHC BT,

I)HBARC & 2R 2 HOELDEhRAY Il 7%

I RXHFOFALCHARRERTER T — 2 R, 7 — X BB O B L UHRERBE HE

I)REBFBHOTHERSE , TEE S CHATRELRERBAHE
RERBEIT ILENRDD .

FETWE, SEESZPEERRIC L L SRTWERR - BBOBE - SRk 5 LiER
BEOWTHE L TWS . Sk, FETHDF-> TV RERRGEERFIRLE LTV,

¥7, BI0FETHS IRawkoRERR (RAA) onfEEL LTk, fExLh 2§
ROBEPRESR TS . 128, HEKoy—SE2FAT /K1 199 MihGk, 7
AR DTG T7RRACBHFETH D199 200 “35d, HEKOH—LERFRT IHER,
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R DWEORRCHEHE hZVREEELTWS. L L, Z0ORXHOHEIREE
BT IS OMIPECHRETD . —F, PARI VTS 7HI S FER, WiEoRRE
LEAETH), FHERZARZDETIZENTEDS. LIAL, TO7ARI b LD
B, BRIk (YA 2E-TCEELTC0EIEYD, ALRL AL T GRS L CHE
FEREOBEREEYEETIOAELY., TOT7ARY MV EB3HET, RZAOEILENEE
THH, REOEELS, TORXTOE{LAOMHEAEMMRET E TS ., Gigus & Malik
&, WEOBILTERORBO—HBLUTHEL RV 3BRLOREN 1 ATRET IANEL
BRI LARZADELEELTES 2, RAFAFFEDOTNTY AL BREZEL T 5209 7208
ok, 7, PEEUVAYI7L—LBBELTELR, RAAOENTIREELL, 20
T, VUv FEFLE L TIAHEREMZHERL TRAFOTHFLZIT>TWS. LAL, &
DHETE, HERBMNIERCS Y, AENEH LS.

FETI, HARKCBT DB M RBEERTL L EDREA(a, B)TRDLEILD
EXEEFALCRUCRX AR T O0BHEELHE - REAL, AXHFOELREZVIYFET
LB IEE ORI EISHME TS ARCODOTRE - R L TS,

R, BTOREE, SKAWECHTIRET—2/REARACEIDELTIILICED
BEXNET— 2 OKBIENCHT 5FETHD . 2D, SKTWERRER-ERL ALK
SHEEAERIER LS, BHRI~200EELEROWEFECBTOHEDRLR - LRXAE
ET5.Z0kD, COTRTORIAZHEERNET -2 ELTHEHEED L, T—2EREX
KhdZTh], BERHMAERECSH D, BEURLHEE LS. ZOo3RaYWEDR
ZADENDFHLEZDWTI . SKEWEOBRBRARC LR FOSACESE, Hilo
R2FzHEBILTHZET, RAAOEEIRL , D, BESROUEL &, S HikHiE
KINTNHI80-18D ||, EBHRETNAVBNRS B2, BRABHECELE, €
FNVTF—2BREXKLS .

AEEE T B0, £7, 2OMERERBOUIBEKRTRETS .. SMRTBT IR
BEDL ZOMEOFHERCLIBECIHML, 27, FHERCLVETFTL ORISR LD
ZO®HT, TOMBIhEEREYEREDLELE EOLERRO—HE (HEE) »HRHAN
CHRRDIBE - AHHUELIT) 2BREBAECZOVWTHRIFLTWS ., 2, EFALF—2EOD
ki, REDORILO O DEREROBELICODVTORBITo>T0S.

REDRFETHIURT —XOTTLE, THES LT, BEEED S 0RDKRHED
BOXREEERY , HEOMEERENSH D . FHR TR, BIRFCHL T, BReEFL
F—RACBDORERET—2 2#FlE, ¥, HBLERECTL Tk, RE»S8503
CBRF R CBOTHHNERERERL TIZECLD , IET— 2 ORI AT 55
JBEDWTREIL TS . ZOBIRECHL 45 D OBERER 7 — 2 ik 580
OEE R DFEEENE , HEORISER PR d i), BEOHMBRILERL THLHEMT
bdEZHND. ‘
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7.9 CADEFALF—REESL SRTHEOHRBEDOF 2 H L LAEDTA

Fig. 7.1 Wi & 5 BiFREmc Bhh itk Object) KL T, BEVAT AT LD ES
=Mk DTG S (Inage) & T ¥ ¥ 2 — 2 I E KT 3 k€ 7L (Model) L ZRET
384, ZELRThERSRORE,

D BEHE

2) BADEHIE
D2RTHS. _

SR HEETARREZ L LT Table 7. 1T & D i, WELUL, LN,
ﬁﬁv&ﬂ,EﬁV&wt@ﬁ&b,Ch%wﬁﬁﬁimﬁ@ﬁﬁﬁﬁﬁibﬁkT%.SW
STMEORRBECEVT, EEEOBVEARITI KR, BN, fEY A FAZEY
%%nt&%—ﬁﬁﬁﬁ#%mﬁ%ﬁﬁ(ﬁmﬁ&%)t%f»@&%%(ﬁ@&)tw—&
ﬂ%(ﬁﬁ\ﬁﬁV&»?wﬁé)%ﬁiﬁ%ﬁ&éoLbb,%ﬁ%é%%@wﬂﬁbBﬁ
ﬁ@ﬁﬁV&»Tﬁ5t,%%wﬁ&%b%ﬁﬁﬁﬂ%<t%.éBK,ﬁﬁKiU%Bh%

Table 7.1 Shape factor.

Model 1 | Moaet 2 Modet 3 Model 4 Model § | Level Shape factor
1

- BREE | TTEE-

Number of convex vertexes

Number of concave vertexs
Matching Link between elements

Volume

Superficial area

Periphery shape (cf. surface level )
Calculate operating data *
Image of robot ' .
»Handling position and
direction Surface level | Area

*Assembly sequence Gradient
*Moving path Principal axis
: Moment of inertia

TV Aspect ratio
Camera . Contour length
Number of concavities

Number of edge line

Number of parallel edge lines
Number of straight edges
Number of curved edges

Number of vertexes

Number of convex vertexes
Number of concave vertexes
Concavo-convex row of vertexes
Planner surface or curved surface
Existence of hole

Shape of hole { cf. surface level )

Edge line level | Length
Gradient

Fig.7.1 Object recognition in assembly process.

Vertex level Coordinates
Vertex angle
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BRF—2E, F4 U RVEGLE EOEALEE, RS BRF— 2 05 %,
FE#EEELTED, ¥4 XL bR I HRERCO—BHERERHEBL 1D,

ke, BEVATACEDEOh LD Z—HBEHELLOBRT— 2 —HT5EFLHD
FREFH% Fig. 1205 T &5, BETHELLLEES, ORREEFALHOLES, OF
RO—FEUEL , HETBLNELTOEBRA—KT 3T PR T 5 EIEAZ RS
FiE, BEEMAERCS R DV MRMAEL LS.

ABIR STk T 2158, £7, BOL S 2 kOB R CHEE2REL, 2
DIRE L hi et L THSORR T — 2 ¥ BET3 2 i kY, HIBC LD Boh ik
PEELTOS . foT, IVa—REY s Vit L B3BREAZBIE BT, B¥C LD
BOhEERTF—2OFORLFEHNLERT—2 25 EFLBLTETFLINOERESRER
BEHL, COBHEhEEFAT— R LHEISBShERRT— 2 ¥ BAT5 Top-down
MRS HESABADR EENTH D EBEbh3 . 20 Top-down IBE T, BRES 2RO
2ODBRETIT Iz LS. Hb,

(1) RETHLMLEREROPOFENERT -2 2B TIEFAVT—X 28T 5818,
(2) BREHEPLBHINLEEFAT - ER/RET -2 LORRT —2 0LEREEE.

¥9, BABRE1 2HRRTICE, EFAVT—2ERTIERERO IV —FLBLE
b . Fig 1.3 WRT LI, ALEREERO2LDE2 I/ V—TLThiE, fIETHEShE
Model 2 : Model 3 Model 4 Model 5
]
|

BRCHETIETAT— 2 EHOMELIEHTHD, L6, A—ILV—-TCETIERN
i
h R e
| I I
TN rEs
I |

I
|
1
I
|
!
|
|

/
Mw b,

si[st|si] - - - 1s3[s3[s¥] - - - I3[S3[s3] - - - Ist[s[s[- - - 1stsalsa] -~ - | ----

Matching

N

51lSz|53l ---

Image

Fig.7.2 Non-hierachical shape matching.
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&Y, BROFHRE G5
BIZR) RABCTDIZEMNT  moe

&5 . BRROR S PEYOHERE MODEL1 MODEL2 MODEL3  MODEL4  MODELS
DE I3V A XEESERES r.
BREBEAECLhRECERT "Q‘
S, BRERO I L—71L
ik, Table 7.1 WiRL 4k

BROW, EEMRT 3R, 'le:]
EO MY, ROHE, T4 E{jj[lk][tb h ]
B, ROV A4 XD #]][ibljjj Ei?] -
BRERMELTWS. | | W L

Grouping same leature surface
about Vertex , Concave , Paraltet

W, BEBE2 TR, HE | o= s s ;
BIE 1 THREBOEERT—2 » a | e ‘ )

L hieFLF— Rt —

LT, RELSBShRERT o ﬂncnms

— X FTRTEHLT—HLTW mw;
SHERFARDZBETHY, 0 . @ vecex | 10

DI, DOEXCHOEH e
BREDY A XEEIFREFRT

DRANLBEL RS . —C,
BecAwSBRERE, nE
G, BES AT ADNSBLNIBRBRC LV ZbS . D, #E, BEE Stk
ERHETHHE, BREBTOES (B4BR1) T, BROVL—TLcdigiS o
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ECHBE R AL TRABEEET S . B OFMRC,  w Aa |

B So. o0 So. Sy BT BIHAVo Vo, Vo, VoS, Lzt | | DA ——p"
WERSHCRIBALETS. oL, il oo | i@ e %)
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Fig.7.10 Viewing vector map for the object
shown by Fig.7.9.
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Fig.7.11  Algorithm for detecting representative
view angle. -

(1.7

(7.8

n
k] 1] 2] 3] 1] 2] 3] 1} 2
A1 0] 0] 0 55|65

- 121 -




SEHONBE B EhB L, KIS, ZOREREAD
O BB €5 MEEITS . Fig 1120RT & 5 H
ROMEEADS a HHNEREFE , FRREOXR

Ar, A,0BERBEEL , ZOBAND BHAKER :
23| %, MAMLEOFHBy, B.OPRECRETD. 3
onEEBERe, BHEEDETIERLD , R O
OHEED S , FRROEBET 5T ENTED. "w I
hns . RGRCRE ., o, BEFECLESOEoTY [ EEe e
5. COEIELT, BONEETANORERERM |
HEAHETS. R

Z OFNEC & - Tl S h e BHE T L OREHRT Move 1o caniar point in region Fi
Ffi#lable 7.2 ORBET1H514THE. COEE B | idpom of th o ATRE

C ; Midpoint of the side B1B2

Bizitd 3EERY PERR EORRE , TOEXD
BERRERL O Fig.7.13@)TH 5. ki, P Fig7.12 Moving to center point
DO ( Area ratio ) bk, é#ﬁ%%ﬁﬁtm:ﬁ?z,gﬁ in each viewing region.
weap oEls (R HOHEES) OBEMETRLLb Table 7.2 Extracted representative
DTHS . BRERERE , HECRRATRETHIL view angle.

FhiEhk bk, Lal , BELETORSRER Y BT o e e —
FEORERTSS . 22T, 2UTTRAEL LR 2 | o3 10s | o0sa1s
3 0.78 Q.79 0.1250
L C o FATR L P RE ComtoBEmE | & | 22 | 5 | s
i 6 -0.78 -0.78 1257
LT 5 CHHI LT % (Table 7. 2ROEHRI) . &8 | 1 | o2 | 1o | so
Ty o | G | om | oo
. 12 2.35 -0.17 0.04347
$=0.5X 15 (adB—Bda) | (7.9) |3+ | 2% | G3i | Glosoo
15 0.46 -0.42
CRED . BB, (. B) KBy WA REEERRL 17| I | ol
b QP EREETERL TS, EREHTIa B B Mt
EPBELRThERSRV. 2ED,
a¥*=qcos B
(7.10)
B*=B
¥, o, Blt, HEHRNECRESIELRDT,
$=0.5X | 2(“1Bi+100331‘310€1+100351+1) [ (7.11)
LY. SEREEY S e T Y, ERIL AR,
Hi=51/251 (7.12)

- 122 -



'. : y
G| T B &
< o0 2 N
TN B
LRI I
e v N

(a)
Fig.7.13 Representative projected shape in each viewing region.
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(a) ste}ble posture of (b) model coordinate system
object work and world coordinate system

Fig.7.14 Viewing direction for stable posture.
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Fig.7.17 Projected shape at each representative-
view point shown by Fig.7.16.
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W&, Fig. 7.19Ck, MIERA2ESH , MIESAE2S 1 BRE T2 EMMA TR, 2EHE10
EMTRRT DL, o

SA={1010000 0 },={160}40

(7.25)
SH={10000010 },={130}10
id. 1 0EREOEARIX160%4DT, ZOHEHDMME TR,
SF={10100000 },={160}4¢ (7. 26)

vk, |
RICEITEBOT— 2 216bitOF—2 £ LCEHTS. Fig. 7. 00 RTEHS OBE, 20

BT HIOMMR 2 (L1, £s, £e) . (Lay £) BV, ZhEh2K, SKOFFH
W TETVS. Zhy

16#%T {Os Ox 2x 3u}
10#£8T {35} 10

EERBTD. EL, 1 HTHREEC 1 4FETCOTF—X LR T, TheEizkbolk
FuCEHTD. £z, HITEEHBL 4L HATF—R2 ALY, ThEHLELDE, FaFy
FuFuy THERT3.

Fig.7.21&&, Fig. 7. 1TCRL RET LV OREBHI A X H O OGS F 2 ORFERIC BT S
FEOERE ZORREREL T L EbDTHS . £, Table 7.3 &, ZOREBHHDE
HIERCH T I2HOEREREOHMERZRERLELDTHS.
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Number of vertex 8
Number of concave part 2

Number of concave vertex 2
Number of same pattemn 1

Row of convavo-convex vertex

n |1|0|1[0|0|0l0|0|=l 160'
(Binary number) {Decimal number)

2) [1]ofoJofofof1f0]= 130

U Max value

[({ToJiToToToTofo]=[T60]

Fig.7.19 Neumerical depression of
concavo-convex row of

vertices.
S!
Vertex 4
Concave ©
Parallel 2
s, 557
Vertex
Concave 16
Parallel 34

S1

Vertex 4
Concave 0
Parall

Vertex 4
Concave 0
Parallel 34

Fig.7.21 Surface sh
projected s

Parallel pairs data

@ L4 = 2 lines
@ ik = 3lines
4
2Pairs
Number of pairs
Hexadecimal number —-—
O | 04|24 |34 | = 35

Number of pairs line at one pairs

Max number of fines at one pairs = E,

more than F, = F,

Max number of pairs -4
more than 5 = F, F, F, F,

Fig.7.20 Neumerical depression of
parallel pairs in edge’
elements.

S

Vertex 4

Concave 0
Parallel

34

SS

Vertex 6
Concave 32
Parallel 51

Vertex 4
Concave 0
Parallel 34

ape and its shape factor of .
hape viewd from view direction 2

shown by Fig.7.17 .
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Table 7.3 Shape factor of projected shapes viewd from all view direction
shown by Fig.7.17 .

T T T T i
: ; ; Surface | Number of Concavo-convex | Parallel pairs of
View direction : No. = Vertex : row of vertexes !contourline segment
t { } {
View direction 1 | s5 1 6 I 32 ¢ 100000 )8 | 51 ( 0033 )H
| s7 = 4 = o ( 0000 )8 { 2 ( 0022 H
| so 4 o ( 0000 )B 34 ( 0022 )H
| s11 | 4 | o ( 0000 )B | 34 ( 0022 )H
————— —_—_—f——j—_— )t ———— - ————— — — —
View direction 2 | SO l 4 i o ( 0000)B | 34 ( 0022 )H
| sz I 4 1 o ( 0000 )8 | 2 ( 0002 )H
{ Ss I 6 [ 32 ( 100000)B | 51 ( 0033 )H
| s7 1 4 1 o ( 0000)B | 2 ( 0002 )}H
| Ss [ 4 | o ¢ 0000)B | 34 ( 0022 )H
1 Sse | 5 | 18 10000)8 | 34 ( 0022 )H
| sn 1 4 1 o ( 0000)8 | 34 ( 0022 )H
View direction 3 r S0 _} 4 H o ( 0000 )B T 34 ( 0022 )H
- e 1 a2 { 10000008 | i { oo3s
ss
1 s7 ] 4 1 "o ¢ oco0)s | 2 ( 0002 YH
| ss 1 4 I o ¢ oo00)8 | a4 ( 0022 H
l so = s ! 16 ( 10000)B l 34 ( 0022 )H
S11 4 o ( 0000)8 34 ( 0022 )H
e ————— ] -4 —“+———————— ]
View direction 4 | S0 | 4 | o ( . 0000)B | 34 ( 0022 )H
I st | 4 | o ( 0000)B ] 34 ( 0022 )H
| s2 | 4 I o ( 0000 )8 I 34 ( 0022 )H
| ss { 6 I 32 ( 100000)B | 51 ( 0033 )H
| s7 l 4 { o ( 0000)B | 2 ( 0002 )H
{ ss { 4 { o ( 0000)8 | 34 ( 0022 )H
| s9 | s | 16 ( 10000)B | 34 ( 0022 )H
s11 I 4 i o ( 0000)8 | 34 ( 0022 )H
View direction 5 .}_ S0 —} 4 _} o ( 0000)8B —{ 34 ( 0022 )YH
| St 1 4 1 o ( 0000)8 | 34 ( 0022 )H
| S2 i 4 I o ( 0000)8 | 34 ( 0022 )H
s7 4 | o ( 0000)8 | 2 ( 0002 )H
1 se ! 4 o ( 0000)8 | 34 ( 0022 )H
I s l 4 l o ( 0000)8 | 34 ( 0022 )H
_L S11 _} 4 _: o ( 0000)8 34 ( 0022 )H
View direction 6 | so0 1 4 I o ¢ oo00)s !} 34 ( 0022 H
I s1 | 4 I o ¢ ococo)s | 34 ( 0022 )H
1 s2 I 4 I o ¢ cooo)s | 34 ( 0022 )H
| s3 | 4 I o ( 0000)B | 34 ( 0022 )H
I s7 | 4 | o ( 0000 )B | 2 ( 0002 )H
i ss i 4 | o ( 0000 )8 | 34 ( 0022 Y
| so 1 4 | o ( 0000)B ] 34 ( 0022 )H
| s10 1 4 ] o ( 0000)8 | 34 ( 0022 )H
| s1 1 4 1 o ( 0000)8B | 34 ( 0022 )H
————— ——t———————— = — — — — — = — — — — — — — —
View direction 7 | St 1 4 [ o ( 0000)B | 34 ( 0022 )H
| S3 1 4 I o ( 0000)B | 34 ( 0022 )H
s7 4 o ( 0000 )B 2 ( 0002 )H
: s9 ; 4 } o ( 0000)B : 34 ( o022 ;z
s10 4 o ( 0000)B 34 ( 0022
: s11 } 4 : o ( 0000 )B : 34 ( 0022 )H
¥ L ¥ L]
View direction 8 | S1 1 4 I o ( 0000)B | 2 ( 0002 )H
| s3 I 4 i o ( 0000)B | 34 ( 0022 )H
| s4 i 6 1 32 ( 100000)B | 51 ( 0033 )H
| s7 | s 1 16 ( 10000)B | 2 ( 0002 )H
| se i 4 I o ( 0000)B | 34 ( 0022 )H
{ s10 i 4 1 o ( 0000)8 | 34 ( 0022 )H
Sy 4 1 o ( 0000)8 | 34 ( 0022 H
View direction 9 {- s3 1 4 { o ( 0000 )B _{ 34 ( 0022 )H
| S¢ ] 6 | 32 100000)8 | 51 ( 0033 )H
s7 l 4 | 9« 0000)B | 2 ( 0002 )H
| so | 4 i o ( 0000)8 | 34 ( 0022 )H
I s10 | 4 o ( 0000)8 34 ( 0022 )H
_{_ S11 i 4 _: o ( coco)s | 34 ( 0022 )H
————— —— ——-—--—f————— e e B s s e it et S —— — — — — — — el
View direction 10 | s3 1 4 I o ¢ oooco)s | 34 ( 0022 )H
| sa H 6 1 32 ¢ 100000)8 | 51 ( 0033 )H
| s7 1 4 I o ¢ ocoo)s | 2 ( 0002 )H
| sg i 4 | o ( 0000 )B { 34 ( 0022 )H
| si0 4 I o ¢ cooo)s | 34 ( 0022 )H
I s11 _{ 4 : o ( 0000 )8 _L 34 ( 0022 )H
—————————e——— - —]
View direction 11 | S4 ! 6 | 32 ( 100000)8 | 51 ( 0033 )H
| s7 { 4 ] o ( 0000)8 | 2 ( 0002 )H
| s | 4 l o ( 0000)B | 34 ( 0022 )H
| st1 I 4 { o ( 0000)B | 34 ( 0022 )H
——————— Tt ———— T T
View direction 12 | S4 1 6 ] 32 ( 100000 )B 1 51 ( 0033 )H
| S5 1 6 [ 32 ( 100000)8 | 51 ( 0033 )H
1 s7 { s 1 16 ( 1000038 | 2 ( 0002 }H
| So i s | 16 ( 10000)B | 34 ( 0022 )H
{ Sit y 4 i o ( 0000)B | 34 ( 0022 )H
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7.5.2 BEBEBHOFELICHETIERRES

N EMEE T VAR S THREL TELRIBRER  SEIRKH L TRLNIIREE
RF—2wik, Fig. 7. 22T & 5 IR EPTHR (B ONEREEXETSH. Thbo
BROTESBEET — X CH LT ERCHAMRTE ZBRERSS .

BBXRBED S LEEOBENRETI5E, MCRT LI, BHETS52H (S, S2) #
1M (S1—S,) L THHEh. Zokd, BEROETFAT -2, BBOREEEE
L, gEdsmEMP 1 EE > LBAoBERORRERZEH, OEOBRER L FRCF ¢
HZECED, BROREL EREF A BEATES L TG . FREARBRCEYS
BEEE, SEACSY 2REBREILBBCHEE RS . b, REERCRT2E40HE
BT, BHET 3 2HEOERROHRALEREhIEEHE2EE LTS . ¥k, HK
F=R2 BT, BRF—2HHEBCEOT, BERESELTOLII ERH DN, T
HEhiREOEsOEEREC KT 28ME, HMEShLERT—2 5252 5 CBEEEHIR
LTRLhIBEmEREREOMER L T5.

Fig.7.231& , Fig. 7. 2LCR L R ERR I B B BEE 2R & 2O ERRERERTL &2
bDTHB. £iz, Table 7.4 &, Fig. 7. ITCTRL 2 {2 REBRC BT 2BiEMOBRERE
HHEERE TR LEDDOTHS.

ETFNAT—RRHERT— 2 %F L2 Ld ), BRF—-ZBIRERTIHN, Thso
ERTF—2EPSDHPD L5, BHERT— 2 XFHRLRERERDZBENS L, AR
DRBE L R DHEER S S, MWBHERLLARTHDIEE2LHND.

5:5;
Vertex 6 S-S,
| Concave 32 . Vertex 6
S 5:S, Paralle! 34 Concave 32

Se ' Vetex 6 Paraflel 34
s Concave 32
3 Parallel 34
sc'ss
80

Ss Vertex 8
Ss 5,8,

Vortex Concave 192

Concave 64 ? 7 P 1563

Parallel 546

(a) complete shape data I | 's,-s_

. Vertex 8
r“

( model data ) %:l Concave 144
Venex

| Concave 136
S$1-S: Paralie! 52

Venex

S: Concave 144

Venex Paraliel 547
o) C_—j

S Parallel 35

Venex Venex

(b) vision data with lack of edge line Concave 32 Concave 192
and position error of vertexes Parallet 54 parafiel 563

Paraflel 563

Fig.7.23 Adjacent surface shape and its shape factor
of projected shape viewed from view direction 2
shown by Fig.7.17 .

Fig.7.22 Uncompleteness of vision data.
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Table 7.4 Adjacent shape factor of projected shapes viewed from all view
direction shown by Fig.7.17 .

T T T T
. f - | Surface | Number of | Concavo-convex | Parallel pairs of
W on -
View directio | No. | vertex | row of vertexes | contourline segment
! i 1
View dlrection 1 | ss5-.87 | 6 I 32 ¢ 100000 )B { 35 ( 0023 )H
I ss-811 1] 6 | 32 ¢ 100000 )B { 61 ( 0033 )H
| s7-s11 | 8 {138 ( 10001000)B 2 | 52 ( 0034 )H
___}_39_‘2‘_} i _} °__<___£°E’E__‘r _34 (0022 M
View direction 2 | S0-S5 | 8 1192 ( 11000000)B §63 ( 0233 )H
| so-s7 | 6 32 ( 100000)B | 2 ( 0002 )H
| s2-s87 | 6 1 32 ( 100000)8 | 2 ( 0002 )H
| s2-se | 7 | 84 ( 1000000)8 | 546 ( 0222 )H
| S5-87 | 8 1144 ( 10010000)8 | 35 ( 0023 )H
{ Ss-s8 | 8 144 ( 10010000)B | 663 ( 0233 )H
| Ss-811 8 1192 11000000)B 563 ( 0233 )H
PSS 8 1B f seeol p a oo
- H
: sa-S11 } 6 = 32 100000 )8 ll 646 ( 0222 )H
S9-S11 8 136 10001000 )B 2 52 0034
S — 15908ty 8 188 ( 1%001o0eB 2y %2 (0084 )H ||
View direction 3 | so-ss5 | 8 492 (¢ 11000000)8 | 563 ( 0233 )H
| so-s7 | [ Il 16 ¢ 10000)B | 2 ( 0002 YH
| s2-s7 1 6 I 32 ¢ 100000)B | 2 ( 0002 H
| sz2-s9 | 6 | 32 ¢ 100000 )B 1 546 ( 0222 )YH
I ss-s7 | 8 | 144 ¢ 10010000 )B ] 547 ( 0223 )H
| ss-s8 | 8 1144 10010000 )8 | 563 ( 0233 )H
| ss-s11] 8 1182 11000000 )B ] 563 ( 0233 )H
] s7-s8 | s {f o « 00000)8 | 34 ( 0022 )H
] sa-s9 | 6 ] 32 ( 100000)8 | 35 ( 0023 )H
| s8-s11 6 | 32 ( 100000)B | 546 ( 0222 )H
| s9-811 8 1138 ( 10001000)B 2 | 52 ( 0034 )H
———————————_——— —_————— —— e ]
View direction 4 | sofS1_} 6 _} 32 ( 100000 )B -Ir 6§46 ( 0222 )H
| So-ss 8 1192 11000000)8 | §63 ( 0233 )H
| so-s7 6 1 8 100100)8 2 | 34 ( 0022 )H
| S1-82 ] { 32 « 100000)8 | 546 ( 0222 )H
| S1-s87 6 1 32 « 100000)8 | 34 ( 0022 YH
| S2-s9 7 1,64 ¢ 1000000)8 | 546 ( 0222 H
sS5-87 8 144 - ( 10010000 )B 547 ( 0223 )H
| ] 1
i s5-S8 8 144 ( 1001000038 | 563 ( 0233 )H
| ss-s11 | 8 g2 ¢ 11000000)8 | 563 ( 0233 )H
s7-ss | 6 I 0 ¢ ooooco)s | 34 ( 0022 )H
|l sa-so | 6 I 32 ¢ 100000)8 | 35 ( 0023 )H
|l ss-s11l 6 | 32 ¢ 100000)8 | 546 ( 0222 )H
_L sg-sn_! 8 l136 ¢ 10001000)8 2_{_ 52 ( 0034 )YH
View direction 5 | so-sS1 | 6 | 32 100000)8 | 546 ( 0222 )H
] so-s87 | s 1 16 ¢ 10000)B 1 34 ( 0022 )H
] s1-s2 | 6 ] 32 ( 100000)8B | 546 ( 0222 )H
] s1-s7 | 6 1 32 ¢ 100000)B | 34 ( 0022 )H
| s2-s9 | 4 { o «( 0000)B | 34 ( 0022 H
| s7-s8 | 5 I o «( 00000)B | 34 ( 0022 )H
| sa-s9 6 [ 32 ( 100000)B | 51 ( 0033 )H
| S8-s11 | 4 | ©° 0000)B 34 ( 0022 )H
| S9-S11 8 1136 ( 10001000)8 2 { 68 ( 0044 )H
i
® I L) o | L 2 { S
!
- | L] L L 4 1 ™
I
|
° | e ™ | ° | P
® i ® ] - 1 ® 1 PS
* | e : [ 1 L d ! o
® | e s ° 1 e 1 P
View direction 11 | s4.59 | 6 I 32 ¢ 100000)8 I 51 ( 0033 )H
| s4-s11 1] 6 l 32 ¢ 100000)8 . | 51 ( 0033 )H
l s7-s11/{ [ | 32 ¢ 100000 )B { 35 ( 0023 )H
o _:_ sg-sn_: 8 —il 136 ( 10001000 )B 2 | 68 ( 0044 )H
- ] ——] - ——— ]
View direction 12 ; g:-gg ] ;o | 544 ( 1000100000 )B 1 820 ( 0334 )H
- 1 64 ( 1000000 )B 547 ( 0223 )H
| S4-s11 8 1136 ¢ 10001000)8B 2 } 563 ( 0233 )H
| 85-87 | 7 64 ( 1000000 )B | 546 ( 0222 )H
| S§-S11 | 8 136 ( 10001000)8 2 | 563 ( 0233 )H
| S7-811 8 136 ( 10001000)B 2 51 ( 0033 )H
| S9-811 8 1136 10001000)B 2 52 ( 0034 )H
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v VaV3//VaVs
Y6 VaV3//ViVe

——
Vs Ve

Va2

3 vz v
Original shape Shape after edge detection

Parallel data : VaV3 /I VaVs'

Threshold &1 V2Vs//ViVe'

Original shape

Paralleldata: 34

VaVs // VaVs’

Shape after edge detecti
* ’ on Threshold 82  V2Vs//ViVg’

Fig.7.24 Change of parallel state between contour
lines caused by position error.

R, KEERERCESY JTHR BB off
BREANOWRISEOWTHRET 3.

REF—R2 By 5HEANMBRECLD, ,
Fig. 7. 2409 £ 5, FATTH - LBAROFAT Fig.7.25 Change of parallel relation according
BFEAHINED , BT Thb o RBRERETL i to threshold level.
2T ENRDHDH. 2OMOFETFHER, Fig. .26 T T LI, 2:VHORATLNITS . Z0
ko, BETHELALERF -2 BT 2 HTHUEORERRIRT L)@, BHAEL, &
FETFHTHERIT- TROALERERER T2 L LTHLEd kY, HAMER
ZC LTGRO NE RS TIENTED . ZOHTHEORER, IEV AT AT B
PEAMNEMEEE» SR F2D0THY, ZZ TR, BIETTLEBRE VAT LAOHMHAE
$E (2 Pixel) ##EL T, 0.03 rad. , 0.13 rad. O 2EREBERERALTWS.

VaVs /I VaVs'
P— -
Threshold 83 V2Va// ViVe'

7.5.3 HEERT-Z20BB{LEGEICLS7—2EH

Table 7.3,Table 7.4 WiRL &5 &, ER\ARORLERC B SEERTF—2%2€7
NMNF—=RE LT, avla—RZFlkekBg, B4 0BTV, BERERESEHE 2
OEDEZHT, BRESAT -2 OBAALEL LS. B4 0HEBEVWTEYCHEOESREZELT
WHERET DL, BERERB Niacror ik,

e
Nfactorzlox 21(51+a“11) (7~27)
1=

o REGRGEE
Sy D EBRAE T8 DB
Ay DHIEAE F R DR 2 ER

- 133 -



)&
)

Number of vertax Nv(} Nv Nv(9) Nvgg | =m0
$hape ['Concavo-convex
of verie: Rv(1) Rvea Rv(y Bvg | oo
e e pun o
e Pa1) P&2) Pi3) L S
Comasponding  vakue Nimgy) Nimyz) Nime3) Nimgy} =0
Polntar for surface and verax Py P2 [ 2% Pa | e
I f o
Number of | g ta00 No. , Puinior Vertex row

aln [s[n]

wamdsllvwxmd;l"

Ns(2)| Sk 'Pk t' -

L1 1 A

Fig.7.26 Data structure for shape matching on

surface level.

Eixd.

Bz2E, Fig. . 1TER LI EOBE, HHRRARXGERALT Tl ORIAVEETS.
BHEBAMC BT IENOFH 2 BMEE T, BHEEK0L oL,

Nfactor=10><7lx (7+10) = 12070

Lied. Z0kdi, ERBRARI L OEERT —
AEETATFT—RELTHML ZBE, T—3FE
BERCLRIRGITR{BEEHELEL (EIRD.
Table 3,Tabel 4 »5bbhb kL3, ZFREAH
ZEOEERT -2 CRE-ERERELFE T SHE
NREHLTWD . 2Ok, Fig. . 26K RT LI,
TRTCOEERTF -2 2 ERRERETREEL, £
OEERERELEFTIEES L ZOHERRLTF T —
AERLAVEA—BALTHEMTIZLICELD, T—
RBYKIBCEMHET S ZENTE, HERBAESR
bERILEhDEEZLHND.

Fig. 7.27Ti, SIRTCADEFATF—2 6 BE
REFNVERT =2 2 ek T 2ABROThZRL 2
LbOTHS. WEFIFERUTOBRYTHS.

[FIE1] HEREEREBACTRERRGEZ
My 5.

(FIH2] EERZei, BRI L) &8RR7A
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Entry

l Extracting representative view direction

|

\

Making projected shape data
for each representative view direction

1) coordinala transiorm
2) processing for sel - ooclusion

i

Extracting shape data of each surface

a) number of verlex
b} concavo-convex row of vertaxes
¢} paralial paks of contour §ing segments

1

I Generation of adjascent surface pair

]

I

Making shape data of adjascent surface

a) number of veriex
b} concavo-convex row of vertexes
€) paralial pairs of confour ne segments

Sorting shape data according to value

of shape factor

Generating model data for shape matching
based on shape factor of surface

Exit

structure (Fig.7.26).

Fig.7.27 Algorithm for generating shape
matching data shown by data



MR B IRERREERT S .

[FIES] HREOERRES (ESH, EAOMMEY, FAEE) Ermbes.
C[FE4]  BEEEREET S .

[FIE5] BHSECHT 3 ERREREL LTS .

[FIEE] [FME2] 5 [FIES] L TOREHRBFECHL TS .

[FIE7] FREREONEWIECERE 2 BT . |

[FIES] BRERMZ L Fig.7.26 KFTF— X EBICHATS .

Table 7.5, Table 7.64%, Table 7.3, Table 7.4 KX L CTHREZBEI LDARE 2 ®21T-
ERERTHD . ZO0EISDNB LI, RREFROBEIEMET5EE, BHEmconEs
tlhhoTWwW35.

Fig.7.28%%, Z 0K+ 3BEAF—2 L LT Fig.7.26 WiRTF— X rAukt
& OBSH AR E F— AN L ELTREBOMEERLbDTHS . kb, BEF—X
ELT, BRERF— 22 ORRMABONIEEH AT — 2 ML B4 0RE (A) %t
ETRLTHS . Chirdbbhd ko, SHHENS 40 BEE TR, BEFARCIELT
ATYEEMEZTODS, BEAMES 40 2823, REATYERRSE VS LE
V. Zhik, BEAEESAEMNL Th 2R &N HRERRAEAE VRV BERESRT — 4

Table 7.5 Shape matching data for surface level matching for single surface
generated from model data shown by Table 7.3 .

| N | Conomvocomex | TS PO | IO e |

! of Veneﬂ row of vertexes ! segment ! malching ! No. !
Shape factor 1 l| 4 i 0 i 2 i 24 i S1 ivs V- v8 V7

I { : : : s2 }va Ve v8 V-

| | l 1 I s7 lvsvivs vis

: : : : { [ V6 VT Vi3 V-

| | | | | I vv v v
R T Qo Lol _lwwvw |
Shape factor2 | 4 | 0 I 34 ' 36 | so lwwww

{ { | ! D st luwww

: : l I I s2 {vs R

| I I I | S3 [v2viove W3

} } } } : } s8 }vs Vi3 Vi Vi

| | l ] | S9 | Vo vipvia Vi3

L | | A

| | | ] [ sto |vs virvizvia
o N N I Ll jvevewvs
Shape factor 3 | 5 | 16 | 2 | 2 | 87 |V Vv VvV V8
o A R N Lo b jwvewvv
Shape factor 4 | 5 | 16 i 34 | 2 | s9 |visve vy viov
| B I Lo 1 __fvev wvow |
Shape factor 5 | 6 | .32 | 51 ] 2 | s4 lvitviove vi visvi2

} : : : : S5 }ws VIEVIS VI VO V6
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Table 7.6 Shape matching data for surface level matching for adjacent surface
generated from model data shown by Table 7.4 .

Numberj Concavoconve?{ Ff’arallet;l pall[rs { Number of { Surface No
| of vertex | fow of vertexes |° conlour fine l factor for | :
' H . segment | matching |
] 1 i ) !
Shape factor 6] 4 { 0 ] 2 | 1 | s1-87
Shapefactor 7] 4 | 0 [ 34 | 4 | S2-89
| I | | | S3-89
| | l | | S8-S11
| | | | | S9-S5t
Shape factor 8, 5 | 0 I 34 I 1 I S7-S8
Shape factor 9 5 i 16 [ 2 [ 1 l S0-57
Shape factor 1 0‘ 5 | 16 [ 34 [ 1 [ S0-87
Shape tactor 11l 6 | 0 ' 34 l 1 l S§7-8S8
Shape factor 12 6 32 2 2 S0-S7
] | | | | so.s7
Shapefactor13l 6 | 32 ’ sa | 3 | so.s7
| | | | | s1.87
| I | | | g7-.58
Shapefactor 14l 6 | 32 | 35 | 3 | s5-s57
: | I l | | s7-s11
| | | | | sg-s9
Shape factor 15| 6 | 32 | 51 | 4 | S4-S9
| | | | | S4-811
| | | | | S5-811
| | 1 | | S8-S9
Shape factor 16 6 | 32 | 546 | 10 | S0-51
| | | | | S1-%2
| | | | | o ie
| | | | | 52-88
| | | | | 52-39
| | | | | 53-39
S8-810
| | | | | sg8-s11
| | | | | ss-.s10
I | I | I sto-st1
Shapefactor17l 6 | 36 | 34 | 1 | so-s7
Shapefactor18l 7 | 64 | 35 | 2 | s1-87
| | | | | s7-s10
Shape factor19] 7 | 64 | 51 | 1 | S7-s10
| l | | | 87-8S11
Shape factor 20| 7 | 64 | 546 | 2 | S2-838
: | | | ] | S5-87
Shape factor 21| 7 | 64 | 547 | 1 | S4-S9
Shape factor 22 7 ! 72 | 546 ] 1 | S1-89
Shape factor 23 8 I 136 I 51 I 1 I S7-S11
Shape factor 24 8 136 52 2 S7-S11
| | | | | S9-511
Shape factor 25: 8 { 136 { 68 ! 1 Il S9-S511
Shape factor 26I 8 | 136 | 563 | 2 | S4 - S11
S5-811
Shapefactor27l & | 144 | ss |1 | ss5-87
Shapefactor28l 8 | 144 I 52 | 1| s7-s11
Shape factor 29 8 | 144 | 547 | 1 | s5-87
Shapefactor3o] 8 | 144 | 563 | 3 | s4-89
I | ! | | s4-s10
| | | | | s5-s8
Shape factor 31| 8 | 192 | 563 | 4 | S0-85
| | | | | S3-54
| | | | | S4-sS11
| | | | | S5-s11
Shape factor32) 10 | 544 | 820 ] T S4-S5
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PRV EHTHS . COBRERT —IEMCLBELR A TYFER, WHERCKRETD.
Fig. 7. 15 L ik L BIREEOHBHROZLEEDISE, 1218 3 kbyte BEDAEVRBET, 7
— 2 BHWHEETSHS . Table 7.3 KR L 2REARARIT L OEERT— 2 21EML 25E,
Bk L& dic, BRITHICHBIL &
AE)BENPMLETHD, Fig. 7. 151K
L itk oifg , 288 af 11T,
DEAEYBERL 24 kbyte HDETH
5. 00X, BRERT—2{ETE
BL LSS, BROLDOETLT—2
HMO DO AT Y BRIDIEL T )
¥, Thic k) ERRBER ORI o 0 &
(EahRiL) Rkhbhd . oAk umber of viewing direction
NEPERROEHAS L 2D E, ¥ Fig.7.28 Relationship between number of view
b, BlhobkB2h5% 23 3885 direction and required memory capacitance.
BLEWIREFEICRS.

=23

@ without data of viewing direction
4 include data of viewing direction g ---"""

( kbyte )

Required memory capacitance
for model shape data

7.5.4 HEREEOEELTOMNSETNVEOME S

EFNTF—RERET -2 2BETHHE, HETFT—2HNOTF—2 L —HLTWHETILT
— X BHHTAIECRD . 2O ¥, Gl AL, FHBRERT—20bD15BE%
75 ORMENTHS . 22T, BHABRA—2 L, EFLF—2A, BEF— XK TH
—DIEREBERELZETHITF—REN DR WLDTHSB. 22T, ETR—EBREZRERETS
F—R2BYERETHEE L TEHERSGEEPROLITCEETS . HIb, FETAVTF—RCE
W AEERAIGE NMo(i) , HETF—2 B 2EERANGE Vv ®, 2hfhk{ok
ICEETD.

N()=nX Nsp(h) (7.28)
N ()= nX Nsp(h) (7.29)
n s FILERERECET 2HOR
Nsp(£) ; A—TEREHRMEW 72 5 MNESRIL O

ZIT, A-EREREL RIBEROMMY K E R, THROM DI B THEBOMIR
RBPFETIEE, TOOThOMER,HAENTHFE U BREFEC 2 STHRALFOMTS
5.

B, HEROFEL RVOBATEOEE, WThOEAPLENTHR-THRLEL LD
DT, CDHED NsplERIEREE RS .
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WAL 55

ZOERRASHEN (), N () &E% OWEDEFAF—% , HEF—2 BT 3Ek
ROBHELTTLOCTHY , ZOED/NE WEHE 2 O, BT — X HT ORI HE
LB . ZOEFLF—R OERARH N fn (/) £ 5T — % OEAL IS N A () DB
BRI & BT A1 51 5 JHISOMA DR GHEED Eid . ZOMSHORL/PE W
BN ERRIB A B B L 75 .

ZOMISHEHBERELY R L ELDOHFig 7.29CH 5.

(FIE1] BAECATLACEINESAERRT—255 Fig.7.26 WRL EF— 2GR R®
BRF -2 BHRATS.

[(FH2] HEF—2CBIIEEREFELETAT—2ANTHERTS.

[(FIE3] HERENLEEFLT AR DIEERMEE V() OB SNA() 2E
5.

[(FH4] RETF—2HNORERBERBECHL T, BERAESE NF) (=S NaDXNA
(D) PEHLTHMTS. '

[(FIES] ERERMEEIDECIEICERE Z 2T .

UEDFIET, BETF— 2 2EERBECBI I 3AEHE EH S h, HHERERECYCE 2
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8 3t Sl
RS { . : . - |12 [
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) frottt
- 1 a8 | we ._= T g H
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Vision data H
Crape s |Rowel 1 Shepe | & | Fow ot
saqor )] No §V Mo £ umy : facier N fVNa | N
[
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- Sa I, -
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NE(]) « £ Nm{l) X Nv(l)

Fig.7.29 Calculating method of number of combination for matching
on line segments.
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NiThhb.

B 1BEBETHIABEL, REVATA»SELhEMERERIERLEOBRBECS
FEBEOMEbERRET S BETHSD . Dk, BRMIZIE, Fig 7. 2010 L &R
BRECHT IEERIIEH A SBEH S h izt s V() oRb/hEuEEEBEEmE L
T, CORRERMELZETIETAT— I 2 ERMBHTI08HRNTHS. LhL, 208
EcHlEhlter VERZHETEOh LA XYEREbEI L ICLY , BROLERES
27509, HRGABTHE SR T, HIENRERD . £k, AET -2 CEZ
hBMBERECESCEHIMOEREDEEESUKOBEEEYELETS. 20k, BE
HEBONAEEIAT, TEXIRGKELET, 2, BEATHIZENEEL L.

REDRAS , BAHEIELRER

1) RETHELWIAH»OERBENRDI—EMULTHHZ L.

2) BAEMSE N(Q) WhEZ L.

3 HMmLYLBEEEEEETS.

KESOTEHL TV . ZoREXZIEL T EhESERL T, EFALTF—2HT—
BT dmEyEMbT 3.

ZIZT, HETF-ACBIIHET— 200, BORBCLVBE2EML1IHEE L TED
hTWBZERDD. 2Dk, HEF—RACBIIBEEEETAT—2 L OB, B
ToO3HERRDD.

[(B1xs] HET—2CBFHBEHE SVEHIST % ETFLOBME S,
(2] BHEF—2CBIABEE SIS TAETFTLVOBE2H SMSM
[E3E] HEF—RKCBI3BAES.Y S (ME2HE) ST EFLOBESH

i SrM SBM

B, BAREIFRL2E5C, WELO2ER 1 WMERDIREDALRERELLEDLDTH
D, SEHULOEARECIY 1HERDZ ERBEL Thisw.,

ChLDOFIGKBNT, EFAT—20HMEEITY, ChiCkVHHShETFALTF -2
LT, RECRIREEREE®21TS . LAL, Zhs 0B THISEAS WS,
RETF— 2B 2BAHOMERT -2 ONEEERTILERHSD . 2D,
[(F4x] BEF—2CBILHEE S, OBMER S, CHETSETFVORRES M

[(Boxtis] BEF-Z2CBI3REESVEEUBHELEH SV S, KT 5ET VOB
#a2msMSsM

PHEL, Sl cHEEhiEzEFVOE SMEB4ETHEE A EEFILVOE SRS
SRISTHHIhEHEE2EH SME SME—HTHARET— A CBI3FHE SVEETLO
W SMEHmETS.
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DEERL 2SR, BF— 2R 2EMHEEBZR2HEZERL ARNETHS . Thi
O, BEESH, BMIBAEEILRT A L RARETHIN, ETAT—RENS KD . ¥
2, ZOEBRMETE, BEERORBEREZERCIDED ZENFETHS.

Fig.7.30, Fig. 7.31, ZORAEEE LMSEHMET7Z LT Y ALABLFZOHEO—HIZ
RLEDDTHD. ThicHhdLHC, 27, fiIRTFT—20FEMHE, BEEOEELEHL ,
TEEMEREZOMELRE ZY AW NCEEOEZRATS . KRiC, ZOEBOREM LD
HEHLT, BEF—20BERERT— 7V ERE L BEECH U TERL , EFLORR
BERTF—TLhSE—0EBERERERETS. Thdsd, BEF 2B IEBRERD
ERRASEEEHL , /D OIEIELfT 2175 . Z QIERLfT % b & CREE QIR
REhd.

T, A—HEEREZOEEEK , RETF— 2 O0EREZRE N L T—HL LETFLT—
ROEREZCEA VR —RERTHo>TVWA., 20, BETF—2 B 5 EAHEIERT
BKThbh kST, BEF—R LEFATF -2 L OEHETCOXMNSHIAThbhizZ LicizD,
HREMPETTS.

Vislon data

S MODEL VISION
S Surtace factor (Sinpe surface) Surface tackr (Singe surtace)
Ss d 9 Veriex | Concave] Pavaiiel | NeS) Sirtace | Veriex [ Concave | Pariel [Area of
3 ] o | 1 No. surtacce
. 0 [ . o ] ] 0 |28
4 [} 2 | ° 4« |0 s [2us
. o u | = 2 . 0 2 |1e9s
5 16 2 2 H [} 32 51 |2489
s [ . u | w ? . ° 2 jsas
Arga of surface & Thrashoid . 2 35 1 s 4 ° 3¢ 7251
o Yes 6 2 st | 2 ® s I 3 | 2664
- 1 . 0 3¢ [z3s82
¥ Surtace fackor (Adjoln surtace)
Veriex | Concave] Parsiel Surtace tackr (Adjokn surtace)
e y factor of surtace invision data Modal surface shape factor = = - u:w ~ 0% R
<1 - and -+ Single surface - . o a . No. surtacos
rﬂmL or Stpe | yimm s o 2 5 o7 € | = 2z |33564
<< Shape factor = o7 s |3 | [xses
N oh 6 32 3 2 o5 e |12 |s6 |ums
- = 6 2 u s 05 8 |1 |ss |usmaz
Singie surtace St | Na 6 53 s | n 29 ? 6 s a0
9 sz 11 se ], 6 |2 || = 27 e | = 3 Jmnz
S | Nb = 27 e | = |3 [mu2
s 7 6 3 s 57 s |4 |5 |seos
Su 2 7 [ 51 4 53 8 144 563 |29740
Adjasent surtace 7 64 546 4 51 [ 12 | s [es051
————— sntiace 7 6 a7 | 4 78 s | 2 34 |3sce7
Adjas ; St | Ne 89 6 |2 |35 feors
S ° [ 136 st 4 &1 6 32 546 20813
Se ! \ S Nd [ 136 2 16 IS ] 136 2 |xzs
St | Ne s 1 | 7 | 8
st |2 s 136 | s | 10 Acea of surtace > 500
—] S [N 8 | | 3% |1 MATCHING
Sa 1 : s 144 2 1
Ll M w lsels Table for Surtace level maiching (Single sutace) | Ranking of
S | [ 144 563 3 Vertex | ConcavelParaiet NV(S) {N(S) || eage tevet
09 s b1 |——] sm |Ng e | | st | M) engsn | iy | mactiog
Stz { Nh s |12 |50 | s ') =TT =13 )
/ s | s |12 | s | 4 4] o 3¢ 2 Je|oa 12
St 1 Sfia =] 5 16 £ 1 10 | « 6
stis | Ni 10 672 (=) 1 [ 32 51 1 2 0 2
/ she | o Tabla lor Surface level matching (Adioh surtace)
we e el )
6 {32 3 1 2 1
6 |3 k) 2 16 3
; Vertex : Number of Vartex s 2 35 2 2 10
Concave : Concavo-convex row of veriexs
[ Casuiatng numbertor ot vetex (=N | Parakol : Paraiol paks of conur e segment . ; 'r:: : - ?
- Nem : Number of same fackor (Model data) 44 3
Soxting N{) vz Number of same factor (Vision data) B Dot o ' ; .
- . [S : Single sutace A : adioin surtace] 8 |iw 563 2 4 5
Deciding maiching order
Standard for ardedng
1 :Smaler N{(j] . .
2t oo s s pio o sigle setace. Fig.7.31 Example of shape matching on
surface level.

Fig.7.30 Algorithm for shape matching on
surface level.
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7.6 ARSI EIBR - KBES

HIHCIRREC L VELhNE W ORYEEMR, a v a—2—NEdoH Uik
ATVBEFIHOVTFROHCHET 320 S HEEOMEFERTRLE. ZOREDE
hE-EREY —BE R, MOBRL—HL T3, BECIVEEL DEEETL
MEEABEEEhEZ LR, 2D, BECIVBELRERRT— 2 LEFLVOREER
F—RREREbEL E0/BRSO—HEL» WALV A TOBRBELITIZENTES.

ZIZTk, 2T, AEEORFELCOERGLEERITL , KOWTEIBEIC X IBHR—
BOHERRNTS .

7.6.1 HNEHOREELTOERADY

HECEIVEShEGLETLOBE

BT, HIEO L hERE2—H b (M )
XRBZCX, EFLCHTIHRESAA ny= (¥, mv, o)
RUEErR3 . H5ETRLELIE, , e
SRR AT AOEE , HEOH S5
EEMABEOIAD LD, ZOHEOIEE v
b EFACHT B REHARESC ~
RED.2FD, Fig. 7. 2T THY “ =
F—R LOE S HL , EFAF— '
X b0 SMPBBEIhELE, B
DIFERRY MV o HER LB h

R SV, DY L E; v i B Fig.7.32 Sne;r\rlliigsaé;g.ation between 3-D model
EisA (a, B) HHEARELRS.

TRERhOBERRY ML oy, ow &,

av = (&, n¥, n)

m = (8, a", o™

V<

(7.30)

TRIND . ETNVERRCBY SR (x, ¥, 2) Oa, BEEGKOERE (X, ¥, 2
&,

(Y Y Z1l=[x y z 1] | Ra B (7.31)
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(Y [ cosa sina

0 0

0
-sina cosa 0
1
. J LU 0 0 0

—_ O O o

) (sin?atcos?acosB sinacosa(cosB-1) -cosasinB 0
28 sinacosa (cos B-1) cos?at+sin?acosB -sinasinf 0
cosasinf sinasinf cos 8 0
. J . 0 0 0 1
Zh&b,
a=tan—1 M
- mM ' (7.32)
_ o M (Lcosa+ mVsina) +aMav
B =cos M2y 2

b, BRAAAZESCENTES . ki, ThIERE VAT ALY 3ikgtREER»
BONLBEETHDD, AEVATLALLELRSERBEVEIREESE»LBSHh B 21K
FTERT -2 DHDBECECTOHREFTAA (a, B) GEHATRETHS.

Fig. 7.2Wnd ko5&, mMEPHEERTAIELOEA( M, ™M, M)REELT, Wily,,
z1'), VWalya', 22°), Walys', z3') EEbhkET5E, ZAROHEBLD, 20&
% ORERTOIRTEFE ™ (x1, ¥, 21), WMalx2, ¥2, 22), M3(x3, ¥3, 23) 1K,

(x4, 71, Z1)= {x1. (5177 0)- X1, (Zi’/»Q)' X1}

(x2, 720 22)= {x2, (32" /D) X2, (22°/2)" x2} (7.33)

(Xs. J'3, Za)= {xs, (}’3'/.?)'1(3 ’ (Zs'/.Q)'Xs}
tﬁéh% . C\:'é, .Yi't Zl,t )’2,' Z2" }’3" 23’ Li*ﬁﬁﬂiﬁff@%ﬂfczmﬁﬂégi
DEEEICH DD, X1, X2, X3 BWKRHATHI2HE, ZThopfrERTCEXIE, Z03H0
SRATAREBENRREDZ LR S, :

LT, BUORSREIPOICBE), Bl THELLRvwZ LD,

(x2-x1)%4 (¥ ¥1)%4 (2,5~ 21)2= 21,2

(Xs"Xz)z'f(}’a‘ ."2)2"'(23‘ 22)2:.@232 (7.34)

(x1-x3)24(y1- ¥3) 24 (21~ 23)%2= £3,2
D3IXBEOIND. 2T, L2, L3, £31 BETLEHRL NHEIIDZLORETHS.

(1.3) R (1.IBDARERAL T x1, X0, ¥3 KEHTAITEIHERFPELZ LI LD, 8K
DESVENGFEELS. ’
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ZD3BEATESID 2TORY MARENZOEOESEHAERS . DED, BRI ML
i

;={(J’1‘J’2)(Zs‘Zz)‘(Zsz)(J’s“J’z),(Zi‘Zz)(Xs‘Xz)‘(Xer)(23‘22).

| _( X1-X2) (y3-52)-(¥1- ¥2) (x3- x2)} (7.35)

tEREDS . COEARERHCH L CTa, BEELTWSET DL, ZORKED2:VORY b
VR, a, BEAVT,

(71-¥2) (23~ 22)-(24- 22) (¥3- y2)=- | 1 | cosacos B
(z1-22)(x3-x5)-(x1-x2)(23-2z2)= | 7 |sinacosB (7. 36)
(“4'1‘4’1'2)(}’3‘ Ya)-(¥i-¥2) (x3-x2)= | ;| sinB

ERED. Zhi) , HEVAT AR INELN A STHSROEEELD (7.36) X% HEETHIE
AR, BREHIIhD. 4k, HETEOSKIREAT -2 LETFVOEERT—2 %
b, @it 3 10 3TEA,SWFig 1.383RT L1, 2HOBEHHANESHS.
ELWREBAHRAPEET R, - FEHLECEW2HOSTHAE» S E4HBEFHAYEY
L, —¥75885aA2HEThERY. Zo8AL» 5 bECHCHEEGMNEEShTY
5OMB,

—R, HESATLA»SELAIERERCIE, MEBRELPSATVS YD, (1.33)R0D
FRIIERECERESLRL., TZTR, HRAR2EET 0, MEEOEHMRYBEHTSZ
EC kY, MEBRERSALRRET 2208 BAHALYERREL TV . ZOFE, HE
HREHOREDDITHEDEEFENEE LS . BHRER/NELTIHIR, (1.3)AH»5
bbhdLIK, SUOEIRTEIETE LB IEALEETILENRDS. 27, HR

\/ b
Projected

plane

Fig.7.33 Surface in 3-D space calculated by projected
shape data.

- 143 -



ATHHINIBEEEL T, HEVAT A
HHEBShEESON, EmED 50000 EOH
PREEHEHE LTWS . ZoxdEElEh
REHMECEEhIESELS, UTOZE?
HIZITEAEEHL TS

1) THESKBATS.

2) BESEESEI—EENLODO.

3 HEHD3TERADHALEDLEDHTIHA
BB DIRFIRR VL D,

B, THRER, RERLCHEIATE
ERTXDDETHD , ZThEEORIER
CEDERIINZZENSWEYD, ZOTIH
BESHEAPSBAL TS,

Fig. 7.34k , G 3THADZEHBZRL 2
LbOTHD. RET—REET

Vision

@@

Surface matching

l Vertex matching

Matching surface

No.

Row data
Vertex | Vision
No. | Model

mlalolo

Extracing abitrary 3 vertex

vision| 2{5 |9
Model| 0|7 3

3 comesporkiing vertex

Fig.7.34 Extracting corresponding 3-vertexes
on matched surface.

ILVF—=RZBWT, HEE?T Vision data
bhliEET, HEOHEKMTO
MSLEEADHMEERS . Z

DETRABC ELROEER R b

"~
Vbt

€<LL7 P\ Model data
.:'_; 4“5
( N --7!I,I//‘%‘

38 = (0,40,40,/3

TIRELT, BT 3HER

REHEHhD. ZoFEHEhE

HIG3THAD L, HBEHFRIE

Hahs.
COEHELLHEETRE,

Center of gravity

HASDHHEERENTZDLD

‘ Parallel movement

e
)
e
[}
©
g
2
)
2

TREVODT, Fig. 7. 3BT
LI, ZogRITED L DR
SR (Model data) #RHEI &

=

HiEShERT—2Z (Vision
data) WER LGS, FICHEIE—

Fig.7.35 Overlapping method between vision image and

projected model image.

Bliv. BoHISTHRET S

ik, CORIGHZ—HRELILERHS. 2FD, ETVOREBRERCBNT, H A7
DONHEDL) OFWERITILERS D . MHIERFie 1.BERT LI, XH#EHL)H OEER,

IBENC L DITS

X7, HEREOMEL LT, SRAARTHTER S X SH LD Sﬁﬁ'é
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EREh?3AF GHES) CBF330252hPhofEgoThExEYLELD (26)
BRHD. Zhickh, BEGEORER LS. oF K, FARBOBEXB LS . Zhid, 3
BEOSES» L 3AROEDL GERD, ZOBLOThEPRBETIEC LY —HEE3.

7.8.2 MLRARL L BHR—BUE

BPACRL B LY, HlidhikEeT
LD 2RFTRBRERRET -2 2ERED
ERBE, AETF— 2 CHBEMBRELEA
TWaled, BEE—BTHI LRV, &
ke, BRETE, WE2ERT555 10
ERLTHIET, EETAEMEL T
Sz, HHEhEEHE—HL TwTH,
EFRUANDERB—HL T D ERRLRW.,
ZZTR, HETF—2 MBS hEET LD
2RTBRBRRETCORG VLV O—HES

6 : Inclination between I* and

[ % ﬁﬂj . Ei{iﬁﬂi l/ N %%@E"J&“ﬁ%’i‘lﬁ%*ﬁgﬁ d : Distance parameter

(d=dj+d;+d;+d))

T5.
BRT -2 L2 TAORET =3 EHINE Fig.7.36 Definition of parameter for matching
HTCEREDLEEES, BBz 7.36 - of line segments between vision data
— - . and model data.
WRTEIBRAVEELD. 22T, ZO#
BEOXV RERFEA o, PABEHREA d., BEREAOTERT . BREEA A&, S

B BOER LGy & OB DR
A d= d™v+ d™vo+ d¥vi+ d¥v, (7.37)

ELTEHTS. £, RREHREZA d. &, ERIETORSHERETH S .
RETF—2 B2y LV CHIETIETFAVT—R20EHELT, RED

A6
Adc
Ad

0
Ctn A (7. 38)
dtn

A TA

A

B THRACEOT, A diB/Nebb0% TS5, 22T, BoMEHEOREO .,
C Crny dmn &, HEIATACBYATHAMEBERENSEESNDETHS. 22 TR, BE
VAT AR B AEEMEREYE TS ETEAMEBEZREDRRVWESY (EFL) O
&IRE |
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iy 28
mm=2sin™ 5 - (7.39)

Crn=4X26

drm=242 8
6 HEVATFACBYIEAMERE
Lo BHRHEE R BIBMENE (FY AT LT 20 pixel)
PRAVTCHEORERZT>TVS.
Fig.7.37i¢, HEL AT ATOEAMERE 2 pixel, BHEL, EFAT—R L o=10
DEEFE L LEART -2 ETOHK 100

e e T Bl et
Bedd.N(1.3DH»5EHEHD O =TT om=02.cm=5,du=10 Z
B 07udt 0.4, Cra 10, dw | %
#20 EiD, MbbbrB3E, 5 | 1
z DEMBESREC BT, 95%I 50 % Wl
THARIER 100% Ei-THD,
MERENZUTHDIEVRD. 20 |-

ZO &3 L THIE S h i Sk o :
SOWE Mo, HEF— R EBHD e som e e s i

Corresponding rate of line segment (%)

BEOBN, EL, BEEZFHET
25 A —x¥ LT, 85I R Re Fig.7.37 Influence of threshold for line matching on

matching degree.
CROBEBMEERTS. ThHR,

ﬁﬁﬁm$fu=ﬁ%ﬂ-xmo<m
’ (7. 40)

—_ eERR dER
BYBBE Ma= g20y X 000

GBRRZZG/NV
derr=2 d/ N«
GHD,dﬂD:ﬁﬁDZ?AwﬁﬁﬁﬁﬁﬁﬁBﬁ%éh%ﬁiﬁE

CHHTS.

ISR RL, BET— R EEFAF— X OEBHMT LINRTHEShEL FVE
BEEF BI85 ORSHEOEE T — X LOSNBICHT BEET, Fig. T.378YD, R 80 %
DEDES, BETF—2 EEFATF—2ABBHVNLT—HL T EMHE L TGEHEhDS.
£ 51, ST HEL OB TORECESOTERIhZBHBAE M, OER 1T
54, MEN—HLTWSEHESIS,
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WEERRE - SEHEECBYTEERAR, EOEELME > tYEL2EITEINTHS.

¥, COENCRBEHEOREEENEETH S .
Fig. 7.381k , XL AT A BT AU ROBIMERTFMT 5D THVEETAERS

TLELDTHSD. TOETNVik[Model 100] DMk EEXRYEE LT, 1 I3& 4 95%,
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7.7.1

BIUOHESTHRAEHETRLTHD .. HES AT ACBY IHEAMNERZRERLT, T0
RWETF— 2 CERHHERE(0=0.51.0) ML T, E5EHEOETLEORIBERS
1000[819T - fz#& R % Fig. 7.40, Fig. 7.41, Fig. 7. 42177 .

ZOHT, Fig. . A0RESHSRERLELDOTHS . Thhrdbbhd L5, ML EE
HOaHRED o fEN 0.50BE, WorIEROMEL 65~T75% £ T5ZET, Y141 XH5%
BERDETNVCHLTOEILVARETHD. £k, ofED 1.0 OiFE, BIrSERORER
65~85% £ THZ LT, ¥4 XA 0%REDEF LKL THHINTETHS.

Fig.7.41, Fig.7.42 Q& 4, W R ERZE O err EERHRZE derr2 LD DTH S . X,

H
! H .
Lr i MODEL100 Pseudo-vision data
/)._.__ : One projected image of model data
i [ View dicection (@ , 8)=(2.95,-0.49)]
T ]
. :
= ! MODEL95
ol A
Bt (95% Size of MODEL100)
i
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LN\, [ﬂ
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Fig.7.38 Model data used at simulation
for evaluation of identification

for similar shape.
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Fig.7.39 Vision data used at simulation
for evaluation of identification

for similar shape.
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Fig.7.43 Example of line matchimg at simulation for evaluation of identification for similar shape
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Fig.7.44 Matching result gotten by simulation of shape matching for vision data
with edge lack.
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surface matching.

- 163 -



[4)]
o

40
g
. . 30
Table 7.7 Disposal time for matching. §~
S
S 20
Time (s) o
Extracing surface shape 0.079
factor of vision data 10
Surface matching 0.026 [
— — ‘ 0
C.alculatmg.vnew direction | 0.037 1 o 3 4 - -
Hine matching 0.144 Number of combination for matching Ni()

Fig.7.48 Number of combnation for correspondence
of vertex after surface level matching at
various view direction.

kD, Zhhdbbhd ks, MEREE, BBACELLERMPELTSY, BEEY
THIH X h A HETEAOEAbERIC & D LEEAXE {EDbS . Fig. 7. 481, Fig.7.401
RLUEBAROERBAZOMNGHEAOHADLEHERLALLDOTHS . ThhrdbbhrdidC
£fkD 80% U EHEHBECRITSMSEHAOHEShEEMA4UTTH Y, NEEFR 0. 68
UTCHAMERLERTWS . kB, JSTHSE 57 0Lk, Model 1 OWiE%EET 3
FHEFEERR TR L RSN L, FEOREIEET— 2 CHhkh o kb DTH
3.Ll5L, 2O RBEATHMERBRSHErhoTOER, BARERIITbATY
3.

7.8

FETE, ARVATATEHELREERERE D LI L L 3RTNEYEOERE ROV
TREZITV, ARVATLAPLBLNLIBERT — X OFELEITHIEL kL 3RTEREE -
RV ATLAEREL . MTEEXHRTHELOMEERE2ENTS.

) EFMEERIC S TEEEERL & & OffA (a, B) TRRARLYEL, ZOREH
Ffi% o — BEFEETPE ECERT A Lk, SUTTRRER Y 2 UtEmRRT
¥3. ZOEREETE LCHERBRT E. OHORLAHE, BLU, BhiEE
2T 5EBHMERLMEL TELLBRRRY MERRO & EENF—OR X OH
BEET. ZOSBANORESRMET 52 L&Y, REGRFENELN, KR
RRERER RS, 2D, Bk EEMCHBEE NS,

2) MkEHRT BE4 OHOFHERS, FRHEXY ML eV, TOHOBMRY b

R DETBE, o v<ORBETHETSHS.

- 1547 -



3) BhEFRKEHIIESA—EHKCBVT, BIFEEOSITHEAPZhIC I VB ENDITIE
HOHIENORBUNBIC L VPEORLANETS. BIFHREOHITHEHR V BT
hCEDVRBEhITEMOSIE S ONBREEhILAFCRYBEhIMTRLS
BELRTS. CORZADEAREHRBARY PV ECHET I, BEh5HS; OB
BECEE TV, XLV, COX VRS, OBBCH>T—AEELLED V, V.17 }
NORA(a, B) , 1L, B ViR EhIE S OBR ECREINIHEOHRA
HAZFEEThE L V.

4) HEHEBRETE, A—0RxH%22FT5HBEEA2RTEM LCHEES I Eh50
T, SHBEREPEETIIET, 2ORXFOHBESOBEENERCESNS. &
DR, TOYPEORRERERAT 5 LTERCERLD.

5) EXENTCBYINBXEWER, KFEEEELELCE» M TWHZ RS, L, TV
AAT DEEREHMDIZENRS . ZOLIBRRAT TR, WHhORELRS, TVAIAS
DEFAEZRL TROLND T VI AT ORBEIERERY M FEEBRECHEL, 20
B IR T A5, ERAEEHETAZ LD, ARCRELFW T HRENIREY
R TED.

6) BARERMEL LHERT -2 2FRL , BREFAF—2ELTHLEEIZ LT
D, BEVATACEINEShBERT -2 BT 3BOREC LDEHOT LI CH
WTE, EH, AORRBSHELEh, BREJREH LS.

7 ERRT -2 2REMARR SN LRRERE (AROMOIET T —2 L FTBRT — %)
THEELTI L), BRBEOLEDODETFLT—2E%Y 1/6IBECFEHET DI &M
T&S. EREL, TOEGERDERRCLS.

8) HEREZRMBTHEILIIAALETAT—IBLICRETF—-2CBVT, FEREXRELE
THIHOHMETHAY CIHOHEA LI H SHE S h SEERFISE N (1), Vv(i)ZRD,
REF— 2 OREREZCHTIEFALF—R LHE T — 2 OHSBEROTHANESOME
AEDERE L SERIHEE V(i) (= V) X Mv(i)) o/pEEBRERZLEENS
HELTHETIZ L&D, BREGOMRLIRETID.

9) #HETF—20BRAFEEEEZhOMEETLT—RED 2RTRY T — 2B 500G
STEHADREEEN LR HANBEHTEETH S . Z0, EHOMGITEA»SHEHB &
Wi FRO—HE» SERSC B ZBREHHMEETH D . ZOROMISE3THR
DEER, COSTHATERENIZAFROEZDENTEIRTIREVLOEEET HH
ERHD.

10) SIEF—20BEAEEREE ZhOMSETF LT — A E2REE L CERGbEREED
BERIEO—HBEE LT, BoNER B, LRESTBEE M

NMAT

HC=N

X100 (%)

- 155 -



— GERRX derr
Ma =570 * Tdn (D)

Oerr RO EIOFEIIEERERZE
derrn O HEOFEHIF R FEE
0:(i), de(i) ; BEV AT LADHRAMKEREZNSHEIhORERE
PERL, ARVAT LI SMRHENEREZERL LRERE dr(1), 0-(1)&2HEA
THIEELD, AREVAT LAOHRECIGL LEAHENTREE 8D .
11) BELEEROBHMEREE LT, HEVATARBY 3THEMBREMER(LEE LT 2
pixel BEDBETD, 10 ¥V 4 DR HHEEMELEIIHBTETH S .
12) 2B/ FH LT 10~20 FEEOZEILETHIREYECE T, £EO2F13E:0
RELTODEIBHAET 225 THRRBEFEMNTRETHS .
13) FHFR TR > ZLEERNSEIEC BT, 80 %LU EIGAEEER 0.6 #LUHTEFLOD
FIESB LCLEBDFEENIRETH - 2.

- 156 -



E8E I

gk, EETETHY Kb S 3RTRAEHEOER - BHHICHOShIHEE VR
FAEZEWT, EREGREoREZENE L, EREEORLRIBHREGR AL —VIREH
BEHALAREHEGHFARE S AT LOBELIT-oLIOTHS. 5T, HEVAT AT
B85 N BRRIEED S OHEWEDOHR - BRI BT IRETH IR FACLbEIR
AFOEABIOCRE AT LATRLMDIEREROTZL IS L R - BRI
ZIEmL .

FFE T, T, FHE AT AR B REHNEEETH D2BIMEERS LU
2 —UBREERCHEOT, BRCEEhE ) A APBEXRRONE2ER L L hig:I8
HiEk s T2 —VEl (£7 VBEB) BRERREREL . £k, X/ 4 tEoRIFaN
FEREC BT, BEEHBEAWShTWS § — o N7 EREE» SEE L 2 kihig 2 b
TAHRFLBFEEEL L. ZThbOE SRR - LEAE?BCBRER AR — VIRNEER
(CE7 VHEEE) 2HAL , HEOREEL» L EEEEEAREC AT AREEL .
LBIZ, ZORBEIV AT A»SBOLhEERBEROFAHAEL LT, BREFATFT—2LOBE
& 3 3RTRNEMEDOTRBE - BREEC OV THREFRIT- &

DFE, FECHEOhAEETELEREINETS.

(1) TVAASORENCHL T /40 A ACILEIRMEEEL , HEORELE 2:11E Lk
L&, BUTOEELRLOEEALWEEATE N, 5, GlkiFoREAERF
ERDEVPEERHECBIIHEEVRAVELESOEEITOREVAELEEVEER
BT BT ENTRETH S .

(2) EFxLEG (VX VEE) NCB5/MEE (o X 0BEFE, n«<N) AOEELVXLOSy
BER LU 2R rHER B L 280, 3t/ 1 AERRIFT, BPRBRAZECS
W RAEES VB LR LR, ¥, ZOBOBREER, ISRk 2@k oRE
NEETH D, WEERIC X > THEREE T 2LENR.,

() AV v FU—VREPEMFICHER CGEERNL , BEFOBREHMERFIATIZ L
kY, BEROFETEROT, REMFHEOEVEHCIH L TLES IR FE ORI AIEE
THH, Zhickh, BRIFRET VEEENER I LS.

(4) =7 VEREERZERT DRI HTHRFRECEEOR FRBEANZEOMEE L 1410
HNICBRBH D Z D, TOFTIEFREEEZEDOT VES2BERAE L TREEOHE D
R THER & N 2{EEE % T 7 LAY BEEERELTICRRE LD ENTES.
EfgEHWbZ LD, %TV% BERAWEZ3RTFHITHE L 2 2MLHEZED T
BHTITIZENTES.

- 157 -



C(5) 2REEBEHET SRLEELRERE, 2REBOMKS TS, B0 ED2
KR OERFERCE Y EEOAD 2SN THS . £, 2IKEBE 0 —p AT A—%
FEAEZLTEDRS 0~ p N 7EREREEVT, 20ERERSED & 02wk
DEEHOBEREPELTVWD . COZLESE, 2kME G50, W, Hws) o
Bk %Y 0 - p FEA DN 7 B GBS EC 51 3 RS om £ (0 =7 /2
+a, n+a) THTIAHED(G, o) E»SZIRMIBONT A—R X0, Yo, 8, b, a®
BHCHBTES. ZhCLY), BEOAS A—ZHHEECHAVShTWS 0 — o 2IRT/NS
A—RZEMH S ER L HBORET 2REBERC B 3HE OIS A—2 ¥ A5 HH
ARETH S .

(6) 6 — o NTLTHERET, EHOERA L BEOEN S CERBER, %ﬁﬁm#%&of
BY, ThooEhSBERCHEOERS L HEHETES.

(1) BHEES» SBTREETo L EOBIRFLAZ— VIR BT 585 — VESORE
BERBOERA—H L., Fh, AZ—-VHEEBRZBWT, AX—-VFEHLEL TS0
BRENMC L > TORTHS . 2Ok, BELSBSAIRRERLHECHVE > TR
BHIRB7 AT ALRBETH LT LY, BERRENEL, EREOBVEE YR T
LAOBEERTETHS .

(8) SwkTHEWEE, BB TrHAK LY Rl GRERK 2k $5. BEHRLE
EHERTL L EORA(a, B)THL, ZORBHAAY a- PEXEELH ECERTS
ek, SWTREEME 2RTEMERTES . COEREETE R ERT
3E4OEORZ B, BLY, BhliF2 24 508 ARESEHEL TEB5h 3 5g
R7 MVEBROSEESFA—ORLFOREERT . CORBBHNOREEBHE TS 2
Lizkh, REEEAEAESh, RENEREREERALL, o, Bk BB
MEEhD . A5, PWEORELHLER L LEEAALTERY MERCHET 3
kD, AR ORELEBCEVT RIS EHMET S ERTE S,

() HETHLABBREHC, BUKRE S L ORREHORECHURENRE TR TS .
HETHOhEERESE EFARRT -2 2 BET 5858, TFLVBRT—2 CREES
DREBEF— 2 BEHLE, E61, HEF—-F BT, BRUELEROBETHTS
ZET, REF—2OFELSCHISL LRRIBESAEEL 15 .

(10) 3R HEDOTRBECE VT, HFEERYERRERCEETSZ LT, $RTO3K
FMEOR Z AT AR F— 223V a— A HRETH, PBRVATYER (W3
kbyte/ € FNV) THEIMNTFTRETH 2. T, BEEXEBRCLIBELEFVRLTOEEGD
2EMTIT LR LV EHE, »0, EHEEEBANTES. |

- 158 -



A

iR, KRAKEHIE MEEARETOHEEEHMTOD LCETLELLDOTHS.

FRIDERE S o> Tk, KEAREHIE BOLAZEL, AR XiEt, #HEBSELTE
IO ERLEBE LR ED - 2.

EHRBIUOEELAEY 7 b Y= PTHEOZITCH 2D, RKRAZTEPEEMITER (5
BIEM) (MEMREBOEEETHIBARFE—K, kFHBE, PE XK, A R, &
HRERAK, KEEAK, &1 KK, MNIAFEREPELY, HOEEERLVPEEZED
Bz LD SRREZE, HinHhzEEkL.

Fh, HEVATLOMFCH oo T, KIRAEIESERE JET-—K2ELH, £E
MITERFLFHOBREDOH 4 L SLKIRERHRTEV .

O, WXAERICH Y , (FHFRZE0/NIEEEFHERCS K28k,

FHFEE, MEDOH 2R IX U DELHL OF 2 OHEgYE, HEM2BThihkbDTHD,
KL ERRBCHRYD, ChODHACFEROMELRT DRBTHIET.

- 159 -



(o

1) KEFE [ "HBEEHECB T = a—avt 7 b, BiE¥SE Vol.59, No.l,
pp. 30-34, (1990)

) BR H BRLUF4 UXVERLE", FERE%E, (1978)

3) A.G.Makhlin :"Westinghous visual inspection and industrial robot control system”,
Proceedings of the 1st. International Conference on Robot Vision and Sensory
Controls, (1981)

4) T.Asano, S.Maeda, and T.Murai :"Vision system of an automatic inserter for
printed circuit board assembly”, Proceedings of the 2nd. International
Conference on Robot Vision and Sensory Controls, (1982)

5) Y.Nitta :"Visual identification and sorting with TV-camera applied to automated
inspection apparatus”, 10th International Symposium on Industrial Robots,

p. 141-152, (1980)

6) M.Bernasconi, R.Delazer and M.Gini :”Precision measurement by stereo vision
system”, 10th International Symposium on Industrial Robots, pp.349-360, (1980)

7) M. Akkermans, M.V.Thillo, L.V.Gool and A.Qosterlinck :,”An algorithm for the
extraction of line drawings for polyhedral scenes and their use in stereo vision”,
Proceedings of 3rd. International Conference on Robot Vision & Sensory Controls,
pp. 99-105, (1983)

8) H.K.Nishihara :,”Prism:a practical realtime imaging stereo matcher”,Proceedings
of 3rd. International Conference on Robot Vision & Sensory Controls, pp.121-129,
(1983)

9) G.Hobrough and T.Hobrough :,”Stereopsis for robots by iterative stereo image
matching”, Proceedings of 3rd. International Conference on Robot vision & Sensory
Controls, pp.285-293, (1983)

10) FEERE, B #, /MNRIEWE BB Ry PO ORRHI X SEEER oL,
BrEfEZESmEE Vol.J67-D, No.3, pp.265-272, (1984)

11) R.J.Fryer :,”Archie-an experimental 3d vision systems”, Proceedings of 4th.
International Conference on Robot Vision & Sensory Controls, pp.197-208, (1984)

12) A.G.Makhlin :,”Stability and sensitivity of servo vision systems”, Proceedings
of 5th. International Conference on Robot Vision & Sensory Control, pp.79-89,
(1985)

- 160 -



13)
14)
15)
16)
1)
18)

19)

20)

21)
22)
2)
24)

25)

26)

27)

Z.Houkes :, ”"Distance measurement by stereo vision”, Proceedings of 5th. Inter-
national Conference on Robot Vision & Sensory Control, pp.393-416, (1985)
ABHE], WOFE, BOKRE, R Z L " 2EERKC X35 EEOME - BBFE",
BFEIEZEHIEE Vol.J69-D, No.3, pp.410-416, (1986)

g, JNBiER, EAHE L"BEEAT VAR K S3=ZRTWEORR L EFHD
Hx", EFEEEERIEE Vol.J69-D, No.3, pp.427-433, (1986)

82—, R IEX, Rk, BH R LVEHEOEIBECESVLEATVAEIEE",
BHEHREEESHEE D, Vol.J70-D, No.4, pp.770-776, (1987)

Al 2, B R L OARCES (HOME L ERR Y FVOREC LSS HEEEE
D", BFEHEEESHIEE Vol.J70-D, No.12, No. 12, pp.2581-2589, (1987)
$OR—, kIR, BH K LVHEREREL LEEECESVWEAT VAELE",
EFEHlEESWwEE D, Vol J71-D, No. 11, pp.2327-2334, (1988)

R.Houraud and T.Skordas :, "Sterec correspondence through feature grouping and
maximal cliques”, IEEE Trans. on Pattern Analysis and Machine Intelligence,
Vol.11, No. 11, pp.1168-1180,  (1989)

K. Ikeuchi :,”Determining surface orientations of specular surfaces by using the
photometric stereo method”, IEEE Trans. on Pattern Analysis and Machine
Intelligence, Vol.PAMI-3, No.6, pp.661-669, (1981)

JetERE, ok, BRL— L "BEREED> S OYEEOE &MY, BFaiERam
#%, Vol.J66-D, No.1, pp.65-72, (1983)

BIFIR LCRAHEARFIAT 2EAEGEE", M BRE¥SREE Vol 18,

No. 10, pp.1031-1033, (1981)

C. A. Mcpherson :, "Three-dimensional robot vision”, Proceedings of 3rd. Inter-
national Conference on Robot Vision & Sensory Controls, pp.167-177, (1983)

2 FiL, ANHEHEE, & =B " FEREO SRTEEE ARoFtE”, ETEEE
£Em3CEE, Vol.J67-D, No.1l, pp.1372-1378, (1984)

M. Bogaert and 0. Ledoux :,"”3D perception in industrial environment”, Proceedings
of 3rd. International Conference on Robot Vision & Sensory Controls, pp.149-156,
(1983)

James. C. Lin and Zuo-Chen Chi , :”Accuracy analysis of a laser/camera based 3-D
measurement system”,Proceedings of 3rd. International Cbnference on Robot Vision
and Sensory Controls, pp.179-191, (1983)

EFEK, KEBRE, F B8 .,"V—¥—XEHuk]ICFv T oRBARIH",

M B B sEE, Vol. 17, No.8, pp.49-72, (1981)

- 161 -



© 28)
29)
30)
31)

32)

33)

34)

- 35)

36)

37)

38)
39)
40)
41)

42)

Y. Sato, H.Kitagawa and H.Fujita :,”Shape measurement of curved objects using
multiple slit-ray projections”, IEEE Trans. on Pattern Analysis and Machine
Intelligence, Vol.PAMI-4, No.6, pp.641-647, (1982)

HjllER &, TEUIWE D EE BB~ OISR, B, JSPE-51-04, pp. 41-43, (1985)
NBE 5, REREER, iR L RUIME R AV A RERESREEE", ETEEES
#3C5%, Vol.J68-D, No.5, pp.1141-1148, (1985)

FEE R, BNERE, WFEE VAV v PEREEC X I EEEERE - BH%EH,

B FEE%¥am3EE, Vol J69-D, No.12, pp. 1888-1895, (1986)

T.Echigo and M.Yachida :,”A fast method for extraction of 3-D information using
multiple stripes and two cameras”, 9th. International Joint Conference on
Artificial Intelligence, pp.1127-1130, (1985)

HARR, AHAEE, & =8 L"AX—UREKL 2800 A AW 3RkTiNE
OFH”, BEFEEF&ALEE Vol.J68-D, No.3, pp.384-391, (1985) ,
M.C.Chiang, J.B.K.Tio and E.L.Hall :,”Robot vision using a projection method”,
Proceedings of 3rd. International Conference on Robot Vision and Sensory
Controls, pp.113-120, (1983)

B.F.Alexander and K.C.Ng :,”A liquid crystal projection system for 3D imaging”,
Proceedings of 5th. International Conference on Robot Vision & Sensory Controls,
pp. 211-222, (1985)

555, ¥ 92 7 %ﬁﬁ WA B L UTTEME TR B L 3= R R0,
BEE¥SIWIEE Vol. J69-D, No.12, pp.1936-1942, (1986)

K. L.Boyer and A.C.Kak :,"Color-encoded structured light for rapid active ranging”,
IEEE Trans. on Pattern Analysis and Machine ‘Intelligence, Vol.PAMI-9, No.l,

pp. 14-28,  (1987)

D.Wei and M.Gini:, "The use of taper light beame for object recognition”, Inter-
national Trends in Manufacturing Technology Robot Vision, pp.143-153, (1983)

E BE, SEEL, B B LUSRoOMMERE2FAL A=kaiEgihts”, @
{E%5mEE, Vol.J68-D, No.9, pp.1697-1704, (1985)

XE B LV VYIARR—VERRAVDSuRy b AWEEE VY, %?ﬁf—? FILEL,
Vol.J69-D, No.3, pp.269-278, (1986)

HIRAIR, FEEA, MK H L7 s AA—TUA T4 VTR B SRTHRER
AT LORE”, BEFEEESHmLEE Vol.J69-D, No.12, pp.1929-1935, (1986)
P.H.Winston #F, BHEM, ZLHESE R:,"aVEa—2EVa Y OLE", EERE G,
p. 123-172, (1979)

- 162 -



43) J.M.S.Prewitt :,”0Object enhancement and extraction”, Picture Procéssing and
Psychopictorics, Academic Press., p.75-149, (1970)

44) R.Kirsch :,"Computer determination of the constituent structure of biological
images”, Computer Biomedical Research, Vol.4, p.315-328, (1971)

45) A.Rosenfeld and M.Thurston :,”Edge and curve detection for visual scene analysis”,
IEEE Trans. on Computers, Vol.C-20, No.5, pp.562-569, (1971)

- 46) A.Rosenfeld, M.Thurston, and Y.-HAN LEE :,"Edge and curve detection : Further
experiments”, IEEE Trans. on Computers, Vol.C-21, No.7, pp.677-715, (1972)

47) Ramakant Nevatia and K.Ramesh Babu :,”Linear feature extraction and description”
Computer Graphics and Image Processing, Vol. 13, pp.257-269, (1980)

48) D.Marr and E.Hildreth :, "Theory of edge detection”, Proc. R. Soc. Lond. B 207,
pp. 187-217, (1980)

49) W. H. H. J. Lunscher, and M. P. Beddoes :,"Optimal edge detector design I:
Parameter selection and noise effects”, IEEE Trans. on Pattern Analysis and
Machine Intelligence, Vol.PAMI-8, No.2, pp.164-177, (1986)

.50) W.H.M.J.Lunschier and M.P.Michael :,"Optimal edge detector design II :
Coefficient quantization”, IEEE Trans. on Pattern Analysis and Machine
Intelligence, Vol.PAMI-8, No.2, pp.178-187, (1986)

51) John Canny :,”A computational approach to edge detection”, IEEE Trans. on Pattern
Analysis and Machine Intelligence, Vol.PAMI-8, No.6, pp.679-698, (1986)

52) J. S. Chen, A. Huertas, and G. Medioni :,”Fast convolution with Lapalacian-of-
Gaussian masks”, IEEE Trans. on Pattern Analysis and Machine Intelligence,
Vol.PAMI-9, No.4, pp.584-590, (1987)

53) V.Berzins :,"Accuracy of laplacian edge detectors”, Computer Vision ,Graphics
and Image Processing, Vol.27, p.195-210, 1984

54) Manfred H. Hueckel :,”An operator which locates edges in digitized pictures”,
Journal of the Association for Compurting Machinery, Vol.18, No.l, pp.113-125,
(1971)

'55) Manfred H. Hueckel :,”A local visual operator which recognizes edge and lines”,
Journal of the Association for Computing Machinery, Vol.20, No.4, pp.634-647,
(1973) '

56) J.R.Fram and E.S.Deutsch :,”0n the quantitative evaluation of edge detection
schemes and their comparison with human performance”, IEEE Trans. on Computers,
Vol.C-24, No.6, pp.616-628, 1975

- 163 -



57)

58)

59)

60)

61)

62)

63)

64)

65)

66)

67)

68)

69)

70)

T.Peli :,”A study of edge detection algorithms”, Computer Graphics and Image
Processing, Vol.20, p.1-21, 1982

E.J.Delp and C.H.Chu :, "Detecting edge segments”, IEEE Trans. on Systems, Man,
and Cybernetics, Vol.SMC-15, No.1, pp.144-152, 1985

Anil K. Jain and Edward Angel :,"”Image restoration, modelling, and reduction of
dimensionality”, IEEE Trans. on Computers, Vol.(C-23, No.5, pp.470-476, (1974)
Anil K.Jain :,”A semicausal model for recursive filtering of two-dimensional
iméges”, IEEE Trans. on Computers, Vol.(C-26, No.4, pp.343-350, (1977)

Anil K.Jain and Jaswant R.Jain :,"Partial differential equations and finite
difference methods in image processing - Part 2: Image restoration”, IEEE Trans.
on Automatic Control, Vol.AC-23, No.5, pp.817-833, (1978)

A. K. Jain :,"Partial differential equations and finite-difference methods in
image processing, Part 1: Image representation”, Journal of Optimization Theory
and Applications, Vol.23, No.1, pp.65-91, (1977)

Anil K. Jain :,"”Image coding via a nearest neighbors image model”, IEEE Trans.
on Communications, Vol.COM-23, No.3, pp.318-331, (1975)

K. S. Shanmugam, F.M.Dickey and J.A.Green :,”An optinal frequency domain filter
for edge detection in digital pictures”, IEEE Trans. on Pattern Analysis and
Machine Intelligence, Vol.PAMI-1, No.l, pp.37-49, (1979)

E. Persoon :,”A new edge detection algorithm and its applications in picture
processing”, Computer Graphics and Image Processing, Vol.5, p.425-446, (1976)
J.W.Modestino and R.W.Fries :, "Edge detection in noisy images using recursive
digital filtering”, Computer Graphics and Image Processing, Vol.6, p.409-433,
(1977

N.E.Nahi and S.L.Mora :,"Estimation-detection of boundaries in noizy images”
IEEE Trans. on Automatic Control, Vol.AC-23, No.5, pp.834-845, (1978)

T. Honghong and M. Shneier :, ”Border extraction using linked edge pyramids”

IEEE Trans. on Systems, Man, and Cybernetics, Vol.SMC-12, No.5, pp.660-668,
(1982) |

D. B. Cooper and F.P.Sung :,"Multiple-window parallel adaptive boundary finding in
computer vision”, IEEE Trans. on Pattern Analysis and Machine Intelligence,
Vol.PAMI-5, No.3, pp.299-316, 1983

S.Hong :,”An edge extraction technique for noisy images”, Computer Vision,

Graphics, and Image Processing, Vol.25, pp.24-45, (1984)

- 164 -



1)

72)

73)

74)

75)

76)

)
78)

79)

80)

81)

82)

83)

84)

85)

86)

Y. T.Zhou, V.Venkateswar, and R.Chellappa:,"Edge detection and linear feature
extraction using a 2-D random field model”, IEEE Trans. on Pattern Analysis and
Machine Intelligence, Vol.11, No.l, pp.84-95, (1989)

G.Oster, M.Wasserman, and C.Zwerling :,"Theoretical interpretation of Moire
patterns”, Journal of Optical Society of America, Vol.54, No.2, pp.169-175,
(1964)

0.Bryngdah! :,”Moire : Formation and interpretation”, Journal of the Optical
Society of America, Vol.64, No.10, pp.1287-1294, (1974)

R.H.Katyl :,”Moire screens coded with pseudo-random sequences”, Applied Optics,
Vol. 11, No. 10, pp.2278-2285, (1972)

S. Yokozeki, Y.Kusaka, and K.Patorski :,”Geometric parameters of moire fringes”,
Applied Optics, Vol.15, No.9, pp.2223-2227, (1976)

D. M. Meadows, W. 0. Johnson, and J.B.Allen :,"Generation of surface contours by Moire
patterns”, Applied Optics, Vol.9, No.4, pp.942-947, (1970)

H. Takasaki :,”Moire topography”, Applied Optics, Vol.9,No.6, pp. 1457-1472 (1970)
J.Buitrago and A.J.Durelli :,”0On the interpretation of shadow-moire fringes”,
Experimental Mechanics, pp.221-226 (1978)

J.D.Hovanesian and Y.Y.Hung :,"Moire contour-sum contour-difference, and
vibration analysis of arbitrary objects”, Applied Optics, Vol.10, No.12,

pp. 2734-2738, (1971)

F.heiniger and T.Tschudi :,"Moire depth contouring”, Applied Optics, Vol. 18,
No. 10, pp. 1577-1581

R.Ritter:,”A dynamic Moire method for deformation measurement of curved surfaces
Experimental Mechanics, pp.145-146 (1979)

G.Friedrich :,"”Error assessment using equidensity fringes in photoelasticity”,
Experimental Mechanics, pp.276-280, (1979)

F.P.Chiang :,"Moire methods of strain analysis”, Experimental Mechanics, pp.290-
308, (1979)

R.Ritter and H.J.Meyer :,”Vibration analysis of plates by a time-averaged
projection-moire method”, Applied Optics, Vol.19, No.10, pp.1630-1633, (1980)
J.Fujimoto :,”Determination of the vibrating phase by a time-averaged shadow
moire method”, Applied Optics, Vol.21, No.23, pp.4373-4376, (1982)

R. A.Rooth, H.J.Frankena, and F.H.Groen :,"Moire method to determine separate
frequency contributions in vibration patterns”, Applied Optics, Vol.22, No.2,
pp. 233-236, (1983)

- 165 -



87) K.G.Harding and J.S.Harris :, "Projection Moire interferometer for vibration
analysis”, Applied optics, Vol.22, No.6, pp.856-861, (1983)

88) 0.Kafri and A.Livnat :, "Second and third optical differentiation by double moire
deflectometry”, Applied Optics, Vol.22, NO.14, pp.2115-2117, (1983)

89) 0.Kafri, Y.B.Band, T.Chin, D.F.Heller, and J.C.Walling :,”Real-time moire
vibration analysis of diffusive objects”, Applied Optics, Vol.24, No.2,
pp. 240-242, (1985)

90) E.Keren :,”Immunity to shock and vibration in moire deflectometry”, Applied
Optics, Vol.24, No.18, pp.3028-3031, (1985)

91) H.Takasaki :,"Moire topography”, Applied Optics, Vol.12, No.4, pp.845-850

92) mE % L"E7VMRSI 74 0FEERR", TLVEYa VESENEE, ITA 34-1,
pp. 97-102, (1978)

93) Y.Yoshino, M.Tsukiji. and H.Takasaki :,"Moire topography by means of a grating
hologram”, Applied Optics, Vol.15, No. 10, pp.2414-2417, (1976)

94) A.T.Andonian :,"Correction for rigid body motion in moire topography”, Applied
Optics, Vol.21, No.7, pp.1253-1258, (1982)

95) R.k.Muller and L.R.Sackel:,”Complete automatic analysis of photoelastic fringes”,
Experimental Mechanics, pp.245-251 (1979)

96) W.R.J.Funnell :,”Image processing applied to the interactive analysis of inter-
ferometric fringes”, Applied Optics, Vol.20, No.18, pp.3245-3250, (1981)

97) T.Yatagai,S.Nakadate, M. lIdesawa, H.Sa :,”Automatic fringe analysis using digital
image processing techniques”, Optical Engineering, Vol.21,No.3, pp.432-435, (1982)

98) H.E.Cline, A.S.Holin, and W.E.Lorensen :,"”Computer-aided surface reconstruction
of interference contours”, Applied Optics, Vol.21, No.24, pp.4481-4488, (1982)

99) Lawrence Mertz :,"Real-time fringe-pattern analysis”, Applied Optics, Vol. 22,
No. 10, pp.1535-1539, (1983)

100) &#HF %, DEES, KEFBE LARRRBCET5E7 VAR — Y OEGAE",
B8 B BB 23T, Vol 19, No. 10, pp.813-818, 1983 |

101) D.W.Robinson :,”Automatic fringe analysis with a computer image-processing
systen”, Applied Optics, Vol.22, No.14, pp.2169-2176, (1983)

102) H.E.Cline, W.E.Lorensen, and A.S.Helik :, ”Automatic moire contouring”, Applied
Optics, Vol.23, No.10, pp.1454-1459, (1984)

103) M. Idesawa, T.Yatagai and T.Soma :,”A method for automatic measurement of three-
dimensional shape by new type of moire topography”, Proceedings of 3rd. Inter-

national Joint Conference on Pattern Recognition, pp.708-712, (1976)

- 166 -



104)
105)
106)
107)
108)
109)
110)
1)
112)
113)
114)
115)
116)
117)
118)
119)

120)

REFRE, A B LUTVEREFBALEEZV MRYI 74", BEEBE. Vol. 43,
No.4, pp.101-104, (1977)

M. Idesawa, T.Yatagai,and T.Soma :,”Scanning moire method and automatic measur-
ment of 3-D shapes”, Applied Optics, Vol.16, No.8, pp.2152-2161 (1977)
HFHELR, A7 B L"TVRCLDIE7 VESHRORHER", 7LrEva v
&SR, 1TA 34-4, pp. 115-120, (1978)

FHRER EFIETFET VEEZOIGR", TVEY a Y EREERE, [TAM-3,

pp. 109-114, (1978) _

KA "4 A=Yy, BRI TEHHEE, (1978)

G.S.Sidhu and R.T.Boute :, "Property encoding : Application in binary picture
encoding and boundary following”, IEEE Trans. on Computers, Vol.C-21, No.1l,

pp. 1206-1216, (1972)

Wl @, ERR L UEEERE AT Y XA Z0H", BT EHEREEART
3% D, Vol.J71-D, No.12, pp.2587-2595, (1988) |

F LA, BHEE, B8, BRRE L IRERERERC XS 2 [EEE OWRIREH
L8, BFBEEE&HEE Vol. J65-D, No. 10, pp.1203-1210, (1982)

G. C.Stockman and A.K. Agrawala :, "Equivalence of Hough curve detection to
template matching”, Communications of the ACM, Vol. 20, No.1ll, pp.820-822, (1977)
RESW, RERE, PIBEZ |, "BEEFEz Ao k—ERRAREOHEFE",

B EHEESFSWmGED-T, Vol. J72-D-1, No.2, pp.229-236, (1989)

P.V.C. Hough :,"Method and means for recognizing complex patterns”,

U.S.Patent, 3069654, (1962)

LBER] , BKAR ¢, "HoughZ|e N2 —r< v F 0™, H#HAE, Vol. 30, NO.9,
pp. 1035-1046, (1989)

R.0.Duda and P.E.Hart :,”Use of the Hough transformation to detect lines and
curves in pictures”, Communications of the AMC, Vol.15, No.l1, pp.11-15,.(1972)
C.Kimme, D.Ballard, and J.Sklansky :,”Finding circles by an array of accumu-
lators”, Communications of the ACM, Vol.18, No.2, pp.120-122, (1975)

S.Tsuji and A.Nakamura:, "Recognition of an object in stack of industrial parts”,
4th International Joint Conf. on Artificial Intelligence, pp.811-818, (1975)
F.M.Wahi and H.P.Biland :, "Decomposition of polyhedral scenes in Hough space”,
Proc. of 8th International Conference on Pattern Recognition, pp.78-84, (1986)
A.L.Fisher and P.T.Highnam:, "Computing the Hough transform on a scan line array
processor”, IEEE Trans. on Pattern Analysis and Machine Intelligence, Vol. 11,

No.3, pp.262-265, (1989)

- 167 -



121) K. Hanahara, T.Maruyama, and T.Uchiyama :,”A real-time processor for the Hough
transfom”, [EEE Trans. on Pattern Analysis and Machine Intelligence, Vol. 10,
No.1, pp.121-125, (1988)

122) F.M.Rhodes, J.J.Dituri, G.H.Chapman, B.E.Emerson, A.M.Soares :,”A monolithic
Hough transform processor based on restructurable VLSI”, IEEE Trans. on Pattern
Analysis and Machine Intelligence, Vol.10, NO.1, pp.106-110, (1988)

123) K=, fREELEE , AHEPR, MBS X |, "HoughZ#x A i o EREEL”,
BFESEE%SHIEE Vol.J72-D-I, No.1, pp.85-92, (1989)

124) kKR, FEMA @, "EARRHEE O 12 OHoughfARBFF R 7 L 'Y A A", BFEEYE
£2533r3%, Vol.J-69-D, No.4, pp.631-633, (1986)

125) Bk KA :, "EAR S X — VRO 28 OHough BB EFEL 7 L T Y X ARDWT”,

B @E¥ & s Vol. J68-D, No. 10, pp.1769-1776, (1985)

126) J.Illingworth and J.Kittler :,”The adaptive Hough transform”, IEEE Trans. on
Pattern Analysis and Machine Intelligence, Vol.PAMI-9, No.5, pp. 690-698, (1987)

127) BKKH0, BHEFH &, "Esr#yHoughEARIC & S E#HoughZIREPLATIC oW ", EFH
HBEFLHIEED- 1, Vol. J72-D-1T, No.1, pp.56-65, (1989)

128) 3E% F !, "HoughZHROFHEIC KW % SEHRORSRAXOHRILERER",
BFEHBEESHEED- T, Vol.J72-D-T, No.6, pp.963-966, (1989)

129) Kbt 7%, /DRIERE Ly VEBBEEANIERIZEOWT", BFERREESR G-,
Vol.J72-D-T, No.1l, pp.1884-1893, (1989)

130) BHFE, BkXA 5,7V 7 by =z 7 L SHoughKi O BHEEST", EFEHEEREHR

5ED-1, No.6, pp.927-930, Vol.J73-D-1I, (1990) ‘

131) D. H. Ballard :, "Generalizing the Hough transform to detect arbitrary shapes”,
Pattern Recognition, Vol.13, No.2, pp.111-122, (1981)

132) 1EBE 3, AEmZ, /MIFEE @, "—{tHoughZ R O R#EE T OV T”, H1BEEEITE
ay7y VYA, pp.347-350, (1987)

133) A EFA, BUKKH I, "HoughZIRFHEIC B 2 haliEEc oW, EFEHRERE%S
iw3aE, D-1, Vol.J73-D-1, No.4, pp.597-605, (1990)

134) S.Tsuji and F.Matsumoto :,”Detection of ellipses by a modified Hough trans-
formation”, IEEE Transactions on Computers, Vol.c-27, No.8, pp.777-781, 1978

135) J.Sklansky :,”On the Hough technique for curve detection”, IEEE Trans. on
Computers, Vol.C-27, No.10, pp.923-926, (1978)

136) Bk—mk, & IEF, B &, ., "HoEA2ECREOKREKET 5 —E%E",
{54453, 1E86-103, pp.9-14, (1986)

- 168 -



137)

138)

139)

140)

141)

142)

143)

144)

145)

146)

147)

148)

149)

150)

151)

152)

D. Casasent and R.Krishnapuram:, "Curved object location by Hough transformations
and inversions”, Pattern Recognition, Vol.20, No.2, pp.181-189, (1987)

AINE=, AR, GHER, HHHR "EAMFIPAREZ A0 SERMmY 7 v
Y XL", 5%, PRU8B-95, pp.31-37, (1988)

R 14, thil B LVRITEROEZ PAVEBAA Y - OHHE", EEEH,

Vol. 88, No.489, pp.85-92, (1989)

KFE=, AR, AHEER, HESE L"EAMMHFRREZ A=A 7 LT
Y AL, BHEREEEEREE D-1T, Vol.J72-D-1, NO.7, pp.1009-1016, (1989)
BHAE, BE &, ERAHE :, "HoughZRFELHDREHAS X -2 REE", EFHE
WiBE%¥4&mEE D-1, Vol.J72-D-1, No.10, pp.1760-1764, (1989)

WAEE , LBRE 1, "HoughZik L LEG 2 Ak RIBEMOKRE", EFEHRERE
#4&WEE D-1, Vol.J73-D-1, No.2, pp.159-166, (1990)

R.T.Chin and C.R.Dyer :,"Model-based recognition in robot vision”, Computing
Surveys, Vol.18, No.1, pp.67-108, (1986)

M.0.Shineier, R.Lumia and E.W.Kent :,”Model-based strategies for high-level
robot vision”, Computer Vision, Graphics, and Image Processing 33, pp.293-306,
(1986)

B. Bhaun :,"CAD-based robot vision”, Computer, pp.12-16, (1987)

P.J.Besl and R.C. Jain Z,”Three—dimensional_obJect recognition”, Computing
Surveys, Vol.17, No.1, pp.75-145, (1985) '
BHERHA ,"3RkTETFTAMCES Ry FEYa V", BFEEESHRIEE Vol. J68-D,
No. 4, pp.449-455, (1985)

R.L.Kashyap and B. J.Oommen :,”A geometrical approach to polygonal dissimilarity”,

'IEEE Trans. on Pattern Analysis and Machine Intelligence, Vol.PAMI-4, No.6,

pp. 649-655, (1982)

F.Matsuda, T.lIwasaki, S.Hattori and M.Ueda:,”Speed-up of a simple vision system
with real time shape Recognition ability”, 15th Proceeding of International
Symposium on Industrial Robots, pp.367-374, (1985)

MAEEE, 1B FE, TMRER "85 0 —r v F U TR DEEA L — 2 OER
7", BE{E%¥&5R3EE Vol.J68-D, No.5, pp.1103-1110, (1985)

N. Ayache and 0.D.Faugeras :, "HYPER: A new approach for the recognition and
positioning of two-dimensional objects”, IEEE Trans. on Pattern Analysis and
Machine Intelligence. Vol.PAMI-8, No.1, pp.44-54,  (1986)

L.S.Davis :,”Shape matching using relaxation techniques”, IEEE Trans. on Pattern

Analysis and Machine Intelligence, Vol.PAMI-1, No.1, pp.60-72, (1979)

- 169 -



" 153) R.Horaud, S.Olympieff, J.P.Charras :,”Shape and position recognition of mecha-
nical parts from their outlines”, Proceedings of lst. Robot Vision & Sensory
Controls, pp.125-135, (1981)

154) BEBHE |, "EHLREORIEREE~O—RE", B EHEZ&HRTE, Vol. 17,
No.3, pp.67-74, (1981)

155) S.R.Dubois and F.H.Glanz :,”An autoregressive model approach to two-dimensional
shape classification”, IEEE Trans. on Pattern Analysis and Machine Intelligence,
Vol.PAMI-8, No.1, pp.55-66,  (1986)

156) BEFEE [, "BEHABELXERL 2 FERNEO—#IFE", sHHl8BFEEsmLE,
Vol. 17, No.2, pp.103-108, (1981)

157) R.A.Browse :, "Feature-based tactile object recognition”, IEEE Trans. on
Pattern Analysis and Machine Intelligence, Vol.PAMI-9, No.®6,pp.779-786, (1987)

158) T.W.Sze and Y. H.Yang :,”A simple contour matching algorithm”, IEEE Trans. on
Pattern Analysis and Machine Intelligence, Vol.PAMI-3, No.6,pp.676-679, (1981)

159) B.Bhanu and 0.D.Faugeras :, "Shape matching of two-dimensional objects”, IEEE
Trans. on Pattern Analysis and Machine Intelligence, Vol.PAMI-6, No.2,
pp. 137-156,  (1984) v

160) E.Persoon and K.S. Fu :,”Shape discrinination using fourier descriptors”, IEEE
Trans. on System, Man & Cylurnetis, Vol.SMC-7, No.3, pp.170-179, (1977)

161) T.P.Wallace, 0.R.Mitchell and K.Fukunaga :,"Three-dimensional shape analysis
using local shape descriptors”, IEEE Trans. on Pattern Analysis and Machine
Intelligence, Vol.PAMI-3, pp.310-323, (1981)

162) F.A.Sadjadi and E.L.Hall :,”Three dimensional moment invariants”, IEEE Trans.
on Pattern Analysis and Machine Intelligence, Vol.PAMI-2, pp.127-136, (1980)

163) S.A.Dudani :,”Aircraft indentification by moment invariants”, IEEE Trans. on
Computers, Vol.C-26, pp.39-45, (1977)

164) fREEZER, FHED, AHEE "7V 28R FE AV LR OBREEE & 0E”,
EFEHmEFEsmEE Vol.JTI-D, No.6, pp.1065-1073, (1988)

165) T.Caelli and S.Nagendran:,”Fast edge-only matching techniques for robot pattern
recognition”, Computer Vision Graphics and Image Processing 39, pp.131-143,
(1987) |

166) H.Wechsler and G.L.Zimmerman :,”2-D invariant objects recognition using distri-
buted associative memory”, IEEE Trans. on Pattern Analysis and Machine
Intelligence, Vol.10, No.6, pp.811-821, (1988)

- 170 -



167)

168)

169)

170)

171)

172)

173)

174)

175)

176)

177)

178)

179)

W.E.L.Grimson :,”0On the recognition of curved objects”, IEEE Trans. on Pattern
Analysis and Machine Intelligence, Vol.1l, No.6, pp.632-643, (1989)

RE E RTHBENERZEEARNEZON—-FY = 71L", BFREZESAIEE,
Vol. J68-D, No.4, (1985) '

R. A.Brooks :, "Model-based three-dimensional interpretations of tﬁo—dimensional
images”, IEEE Trans. on Pattern Analysis and Machine Intelligence, Vol.PAMI-5,
No. 2, pp. 140-150,  (1983)

H. J. Warnecke and K.Melchior:, "Pattern recognition : An element of automation”,
2nd. International Conference on Robot Vision & Sensory Controls, pp.1-8, (1982)
L.Lieberman :,"Model-driven vision for industrial automation”, Advances in
Digital Image Processing, Plenum Press, pp.235-246, (1979)

Y.F. Wang, M.J.Magee and J.K. Aggarwal:, "Matching three-dimensional objects using
silhouettes”, IEEE Trans. on Pattern Analysis and Machine Intelligence,
Vol.PAMI-6, No.4, (1984)

W.H. Tsai and J.C.Lin :,”Curved 3D object recognition using 2D shape analysis
techniques”, Proceedings of 4th. Robot Vision & Sensory Controls, pp.379-393,
J.Majumdar, P.Levi and U.Rembold :,”3-D model based robot vision by matching
scene description with the object model from a CAD modeller”, 3rd.International
Conference on Advanced Robotics '87, pp. 187-197, (1987)

W.K.Gu, J.Y.Yang and T.S.Huang :,"Matching perspective views of a polyhedron
using circuits”, IEEE Trans. on Pattern Analysis and Machine Intelligence,

Vol. PAMI-9, No. 3, pp. 390-400, (1987)

I.Walter and H.Tropf :,"”3-D recognition of randomly oriented parts”,

drd. International Conference on Robot Vision & Sensory Controls, pp.193-200,
(1983)

M.Herman :, "Matching three-dimensional symbolic descriptions obtained from
multiple views of a scene”, Proceedings of IEEE Computer Society Confference on
Computer Vision and Pattern Recognition, pp.585-590, (1985)

A.K.C.Wong, S.¥W.Lu and M.Rioux:, "Recognition and shape synthesis of 3-D objects
based on attributed hypergraphs”, IEEE Trans. on Pattern Analysis and Machine
Intelligence, Vol.11, No.3, pp.279-290, (1989) A

R. Horaud :;"New methods for matching 3-D objects with single perspective views”,
[EEE Trans. on Pattern Analysis and Machine‘lntelligence. Vol. PAMI-9, No. 3,

pp. 401-412,  (1987)

- 171 -



180)

181)

182)

183)

184)

185)

186)

187)

188)

189)

190)

191)

192)

F.P.Kuhl, O.R.Mitchell, M.E.Glenn and D.J.Charpentier :,"”Global shape
recognition of 3-d objects using a differential library storage”, Computer
Vision Graphics and Image Processing 27, pp.97-114, (1984)

K. Ikeuchi :,”Precompiling a geometrical model into an interpretation tree for
object recognition in bin-picking tasks”, Proceedings of Workshop on Image
Understanding, pp.321-339, (1987) |

HMmAzsE, ﬁmmu:”&ﬁ%f»&bﬁ&émk@ﬁxt;%ByEv#Vﬁ&za¢
OMEEONBLEHRE", BV HRBAEFERILES, Vol. J70-D, No. 1, pp.127-138,
(1987)

APt , @A —, BLE# " SRITET VDL OMEREAFEERFIEO BEE

B, BErARy bE&EE, Vol.6, No.4, pp.3-13, (1988)

HAREE, TR 2, )RR, B EX L"TARI MEYVa vRESSPFEEO—
HE&E", BEFEREREESREE Vol. J74-D-T, No.4, pp.580-584, (1991)

M.Oshima and Y. Shirai :,”Object recognition using three-Dimensional Information”,
IEEE Trans. on Pattern Analysis and Machine Intelligence, Vol.PAMI-5, No.4,

pp. 353-361,  (1983)

B. Bhanu :, "Representation and shape matching of 3-D objects”, IEEE Trans; on
Pattern Analysis and Machine Intelligence, Vol.PAMI-6, No.3, pp.340-351, (1984)
P.Brou :,”Using the gaussian image to find the orientation of objects”,

The International Journal of Robotics Reaearch, Vol.3, No.4, (1984)
W.E.L.Grimson and T.Lozano-Perez :,”Model-based recognition and localization
from sparse range or tactile data”, The International Journal of Robotics
Research, Vol.3, No.3, pp.3-35, (1984)

M. J.Magee, B.A.Boyter, C.-H. Chien and J.K. Aggarwal :,"Experiments in intensity
guided range sensing recognition of three-dimensional objects”, IEEE Trans. on
Pattern Analysis and Machine Intelligence, Vol.PAMI-7, No.8,pp.629-637, (1985)
M. Dhome and T.Kasvand :, "Polyhedra recognition by hypothesis accumulation”,

IEEE Trans. on Pattern Analysis and Machine Intelligence, Vol.PAMI-9, No.3,

pp. 429-438, (1987)

A.K.Jain and R.Hoffman :,"”Evidence-based recognition of 3-D objects”, IEEE
Trans. on Pattern Analysis and Machine Intelligence, Vol.10, No.6, pp.783-802,
(1988)

T.-J.'Fan, G.Medioni and R.Nevatia :,”Recognizing 3-D objects using surface
descriptions”, IEEE Trans. on Pattern Analysis and Machine Intelligence, Vol.1l,
No.11, pp.1140-1157, (1989)

- 172 -



193) R.Krishnapuram and D.Casasent :,”Determination of three-dimensional object
location and orientation from range images”, IEEE Trans. on Pattern Analysis
and Machine Intelligence, Vol.1l, No.1l, pp.1158-1167, (1989)

194) C.Hansen and T.C.Henderson :,”CAGD-based computer vision”, IEEE Trans. on
Pattern Analysis and Machine, Vol.1l, No.1l, pp.1181-1193, (1989)

195) W.-Y.Kim and A.C.Kak:,”3-D object recognition using bipartite matching embedded
in discrete relaxation”, IEEE Trans. on Pattern Analysis and Machine
Intelligence, Vol.13, No.3, pp.224-251, (1991)

196) A.Roy and L.Sutro :,”Simulation of two forms of eye motion and its possible
implication for the automatic recognition of three-dimensional objects”, IEEE
Trans. on Systems Man and Cybernetics, Vol.SMC-12, No.3, pp.276-288, (1982)

197) G.Fekete and L.S.Davis:, "Property spheres : A new representation for 3-D object
recognition”, Proceedings IEEE Workshop Computer Vision : Representation and
Control, pp.192-201, (1984)

198) M.Hebert and T.Kanada :,"The 3D-profile method for object recognition”,
Proceedings of IEEE Computer Society Conference on Computer Vision and Pattern
Recognition, pp.458-463, (1985)

199) J.J. Koenderink and A.J. van Doorn:,"The internal representation of solid shape
with respsct to vision”, Biological Cybernetics, Vol.32, pp.211-216, (1979)

200) I.Chakravarty and H.Freeman :,”Characteristic views as a basis for three-
dimensional object recognition”, Robot Vision, Vol.336, pp.37-45, (1982)

201) J.Stewman and K. Bowyer :,"Creating the perspective projection aspect graph of
polyhedral objects”, Proceedings of International Conference on Computer Vision,
pp. 494-500, (1988)

202) J.H.Stewman and K.W.Bowyer :,”Aspect graphs for convex planar-face objects”,
Proceed. of IEEE Computer Society Workshop on Computer Vision, pp.123-130, (1987)

203) J.Callahan and R.Weiss :,”A model for describing surface shape”, Proceedings of
IEEE Computer Society Conference on Computer Vision and Pattern Recognition,
pp. 240-245, (1985)

204) Z.Gigus and J.Malik :, "Computing the aspect graph for line drawings of poly-
hedral objects”, IEEE Trans. on Pattern Analysis and Machine Intelligence,

Vol. 12, No.2, pp.113-122, (1990)

205) Z.Gigus and J. Malik :,”Computing the aspect graph for line drawings of poly-

hedral objects”, Proceedings of IEEE International Conference on Robotics and

Automation, pp.1560-1566, (1988)

- 173 -



206) Z.Gigus, J.Canny and R.Seidel :,"Efficiently computing and representing aspect
graphs of polyhedral”, Proceedings of International Conference on Computer
Vision, pp.30-39, (1988)

207) J.H.Rieger :,”0On the classification of views of piecewise smooth objects”,
Image and Vision Computing, Vol.5, No.2, pp.91-97, (1987)

208) J.J.Koenderink and A.J.van Doorn :,”The singularities of the visual mapping”,
Biological Cybernetics, Vol.24, pp.51-59, (1976)

209) HEFFHT LB LEBRC OV TO#EEE", F¥KE, PRLT5-66 , PP.49-56, (1975)

- 174 -



¥ R i X
 FREBL R
BERAS, B3, KA, RE A, BEEK, V—FRYy MEEECES

EFHRFE7 VEE ﬁwﬁ&t%gﬂﬂﬂﬁ",E$D$vb¥£$,%L%NQ&

pp. 154-165 (1989)

 BEAZE, KN 1B, BEEE, (PEEK D, " BELV-LOSEHECED &gl ,
HEoARy bEE&EE Vol.7, No.5, pp.453-463 (1989)

. Kozo FUJIMOTO, Shuji NAKATA :,” Model based vision system for operating the
assembly robot ", Proceedings of 2nd. International Conference on Robotics,

p. 229-244, (1989)

BEEAZ, BEEERE, FEEK: .7 0 — o HoughZHRFELS D2 RHFOATA—2
W, EFESREERSHRGE, Vol. J74-DIT No.9- pp. 1184-1191 (1991)
BEEAZ, REEA, FEEK : , " X7 PEEBRIC & 3 HEESZDEOREDN
REEROBEME” , EFHRAEESFHEE, Vol J75-D-1, No.2, pp.351-360,
(1992)

. Kozo FUJIMOTO, Eiichi KUROKI, Tomoya MATSUNAGA, Hisashi NAKAOKA, Shuji NAKATA:,
" A slit laser scanning moire method and a simple method for distinguishing
between depression and elevation ” Advanced Robotics, Vol.6, No.2 (1992)

BETE

FhUS O REKHRIT

WERER, FIIE, BEAS, BAME " HERGEEREEEHR ARy M
DR (B1H) —SEREE - ARFEEEARARy MEREL ZOFE - 1FE -
BIERERTE Vol.2, No.l, pp.137-142 (1984)

AMPEBAR, BEA=, EHEE . SEREEEREEEARARy MEABOHR (B
28) —HRETRARLOBRFEB LUCREREOEE-" , BEESHIE Vol.4
No.3, pp.581-586 (1986)

. Shuji NAKATA, Kozo FUJIMOTO, Shoji TAMAI;,” Selection of Welding Parameters and
Suppression of Indentation in Resistance Spot Welding Process with High-Current
Density and Short Current Duration ", I IW Doc.111-841, p.1-17 (1986)

. Shuji NAKATA, Kozo FUJIMOTO, Shoji TAMAI:,” Investigation on Welding Process and

Welding Parameters in Resistance Spot Welding Process with High-Current Density

- 175 -



and Short Current Duration ", Trans. Japan Welding Society, Vol.17, No.2,

pp. 152-157, (1986)

AFERER, BAAS, EHME ., SERZEAREEEARAR Y MEROTE (B
3#) —EROEHERBIOCEZOMEIHE-" , BEEZHIE Vol.5, No.l,

pp. 64-69 (1987)

. Kozo FUJIMOTO, Toshiki MANABE, Yuichi MASUTANI, Shuji NAKATA ;,” Bondability of
Cu Wire Stitch Bonding ”, Proceedings oh the 5th. International Symposium of ‘the
Japan Welding Society, No.2, p.333-338 (1990)

- 176 -








