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Abstract

This paper proposes LM method for solving
It has the
processing steps such as image enchancement,

bin-picking problem in robot vision.
image
thresholding, region labelling, and moment computation.
To determine a target object from bined objects, the
modified labelling method To

position and orientation of holdsite, the moment method

is used. determine

is used. Finally, some experiment results are
illustated and compared with the results of
conventional shrinking algorithm. The proposed LM

method has reduced processing time.

1.4 2

Azt AFES 28 RAHA SGAE 43
el RE& HolA 2 fxo) FFaobde}. ojm Az
ol Aoz Hofls FY Bofo BAHE RRES Ao
W= Bin-picking 2Ale 539 Ato) Qlojx Zaw
AR = ol fri[4-7,9].

Bin-picking® 7|2 ZHEJ MAHABE Hosle
#AEse FASA dASHEE ¥ AR, duizoew
Azl dAe gAR AlAe Bl AME "az fiy
[5,8,9]. €Az AlM= ¥3l= BEAY & gol=d)
olg=n, TAY MAE BAE AU=XE w9zt o
£=oh. 9Ae A=z giolel, #oia Ael A 7(Laser
range finder)u 718} & FHe MMz o] &Hn, ZA
2] AAz a2AAG SFFAMAGo] 290, gy A
£, €AY AARE golAE o) &% 32 AR FAAA
o uig 24 B gAi BFsely] ¢ AveE 2
olg¥t}, FieletE Frl o4 MW a1 ARE IS
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4 ey kolZ(noise) o W WUZsta Aite] BAs}y]
g woe sieietd TAR AME ol&3 F, 3
o} siujetE o] ol WT A R 3 FAME
o3l RAWE Zojt, =¥ EAE AU=AE wddF
71 S1ste] W/ EZ 5F AAE ol §s7x ok 7
B3 AL AAd FietE o83y REETL F& F
sl B9 holdsite& L bin-picking WHe] o3 &
F-7Eol o& AAHAGU1-5]. ol WHFE 9y g8
shrinking algorithm, fronts algorithm, collision fronts
algorithm, matched filter algorithme] A17tAl o) of
&) 93 gotrtl

olE

Shrinking algorithm® J ¥ wwixd FU¥ wia}
A& #= BA F2 4149 T(1,5]. o ¥yPL WA &
4 olzl8K(binarization) 3 F EA9 oF Ly e Fou
7Hshrinking) &2 H#¢ 71¢dE& 2REJ F& F gl
+ F(holdsite) ZF &= Zeldh. o] ¥HL vaccum cup
gripper& 3 sIAE Zeo|u parallel-jaw gripperol =
A% 4 gith. Collision fronts algorithm-& shrinking
algorithm & t}x 3}AH(gray-scale image) &8 ¥aa A
ojtH2,5]. o} HhH2 #3Ad Bwolu WAyl HPH
EAE 98l 2U=%o, parallel-jaw gripperol A&
th. Matched filter algorithm® 4% A2 Hopox o
AEE gy WHeR uAForA W] Rolm g
template matching# fFAISIU kol AHRE& ¥jslo A
A¥ T Aol R 3, 4,51,

oA AR 7 34 Ae Y= 8-
of- AwAed UHE sfAx, T AAZE AR ¥y
A& U =B A% bin-picking& 3 A1z
A4 Aol EA 4 HAE Ao AW Y A
AlZEE &Y = U Yol g AFasddy. WAy 4
Hoer & A= 2% i BAe A8 grippere] 4A
o] salxojorgirt. ¢ HE& WA BAE AUN Y4
VEAL BEjo] didt Aest dawd FUd whAl mde s}

R

R

=

=
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2 cylindrical bolt2 A#. A Hels= deol9
holdsite ##& 7] 918 geometeric ®¥, = light
intensity map& ol-&#ut. A A& stgofil Azt wp
9359 9L lol7I 93l image enhancement & ¥3}s, A
AR EAEE #Z YE gz REAZ F s
threshold(H 2138} & A#ch. Aeld o]zl spygelr &
2lE dH9E8E 4] tE ddes olg& Yoste Ad,
& labeling ¥, A& olfe] Fojd 7}4 & ddS BxE
A2 HA¥}G, RREE: AAE BXEH9 holdsite(
) ¢} orientation (M) & BE2W EA4E Y5 £ s
Hgol Ao, IEBF, |2} RAEY WAL o]§dle B
A FA(centroid) & T3z, 22 ZWEE o] 83l
orientation& T3, A<HE YA ©@IFH4E HES
98t 71Ee YYD viastax o,

2. HgUy BA 949 £
2.1 BEAle) 9o #el ¥y
Image sensort B whALE ylo) intensity &

#2 @ 4 glen Yo intensity: oldfi9} AL vlsieray
53§ #evH4l.

I, = I;ccos? @ (0
I, = I, (1 - e3d/ow) (2)
I L

I; @ uske 9 us

I, : 48 YA 9 9us

@ : sensor o A F3 Hdg

£HZo] o)fr 2
¢ o EWe Wl g5
d :bin 49 Yo

cw : bin WiFolAe %lzbel WA} factor

A1) oA watE s YW ai=E Wt cosineo A Fo
Fol uBEASE dehdz . o] AlAlR A8 i
E A9 intensity profiles cosine AF Folujdt =4
& wiastd o £ gich &, 4 d4 EA YAEgE
W wAbE] = WP z2told we} intensity WP A
Ao H2)= B walg= ylo] Azl Ui el F}
o wet AsD UukERe Yeida o 49U BAE
Z olHiFo AXT BEHEL AFo] 4 BASe
2 A T 2L AER Uste intensityel #a}s}
420},

2.2 Image Enchancement
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HAAR BAs diMs 44 0 dd95s 2
2l A8 5 3l& 24" threshold & A 4 vt o
o Ee2l& S8 threshold® A8yl o, 4 ngdor
HH dhAbel ke wigiAge 3w e g¥e @A)
YA HagAFo2n Ml 4e) duRE AA

-+ image enchancement-& 3 3ht}.
2.3 Threshold @A

Image enchancement 3% ¥ 22| 5wl 99
oA 42|, 43 intensity profile& ¥, 73 1
ol 2AYU & T3 A L4 B 2o sug Ay
= & A3 JEeR Ay, o] 72 FHe 21
3 Ag o4 Mo wde detdyg. dAE threshold &
A el Agstd, W3 AR ol HA4L A&
T it

3. o]z 3449 labelling ¥l &
3.1 Labelling ¥a12]&e AAZH L 83 nar=

34 labelling €318 F(9]18 t FIx AAz
& vigoz Fgsd.

(1) =@ 34 Y344 threshold A1# b
3}stol o,

(2) F¥o] D& g A FAEAo] we} 28 i),

(3) ZAARI 4&-¥¥(4-connected) 22 FEEHEE 3o},

it

o]

2

HARRE 4- W2 323798 oW1 ge
UtAFE ARG en, weld FASae ggA $EY
BaELS TPAFIA FuT

3.2 o}zl 3l4te] Labelling AlzlgA
(1) M2 ol g€ YehfEs 99 Gi,j) 9 Ay
G(i,j) o d=x18+= region_number AAY FHoz
R(i,j) & &
(2) %29k Zo] R(i,j) 8 99 27188 ¥l
R(i,j) =1

(i=3=0)

(3) A2F oA 4L wWiHH EAR ol olg
M7E Fe Jolorn pRAVIAH WA s
9H V|3 Yoo FUY A& Foi@h



if( G(i,§) =0) R(i,j) =1

(4) A8 Ut 9L npA23 8 o] 83 labelling
a1 W ¥(union) ¥t

region_number = 1
for( i =05 1 < M5 i++) {
for( j =05 j < N; j++) {
if( G(i,§) 1= 0) |
if( G(i,j) == G(i-1,3) ) {
R(i,j) = parent( R(i-1,j) )

}
}
else {
region_number++
R(i,j) = region_number
}
}
}

(5) union find ¥ xe]F10)& °|-&3I%ch. FH& ¥H
A17] 71 913 region_number o] FAH(parent) & x ¥
8¢+ region_nunber&& A3 AR A dtes
34l ordering & 3t B A Y& H4
Alzith, a2ls g2 region_number 7t HolE GHF
7t 2 949& ged.

k=0
for( i = 0; i < region_number; i++) {
if( parent(i) i) {
k++3
order(i) = k;

}
}
maxi_i = 0s
for( i =05 i <M; i++) {
for( j =05 j < N5 j++) {
R1(i,j) = order(find(R(i,j)));
size(R1(i,j}) += 13
if( max_i < R1(i,3))
max_i = R1(1,j):
}
}
region_number;

4, 2AlE 7Ad& o| &% holdsite 4% = orientation
23

o]zl 3}4H9] labelling® F3 MAY FREA
(target object)® holdsite X% orientation& ¥t}
EggAoa 12 mdllEo Wag o]&3lo centroidg +
3t} ol & holdsite $1X&2 HAstzm, 2x RWEE °of
3ty EA9 orientation& TEFCHIL, RRE= B9
holdsite ¢} orientation®& 229, EAME Y5 7+ U=
¥Eo] Hy,

4.1 12 2AES HH & o] &3 holdsite A
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AxydA
Xo = [ 1R
c A (3)
AxxdA
Ye = J ——————————
y (4)
Xc : X coordinate of centroid
Yc : Y coordinate of centroid
A : area
4.2 22t A EF o| 4% orientation &
Ixx = yz dA (5)
Iyy = x% dA (6)
Ixy = xy dA (7
1
¢ = 5 atan2(2Ixy, Ixx-Iyy) (8)

Ixx, Iyy : moment of inertia
Ixy : product of inertia
¢ : orientation of major axis

5. A9 &3

A e W U(IM method) & BG4 & Hol7] $§5to
ofeflo} zo] AW st 193 HH AU 4L 9
(original gray-scale image)ol A holdsites} ¥AlH
34, & 499 4L €34 thresholdo] @& ozl
BE 84, ¢ 3do 4L labelling® JAE EAE
o9& age] ¥R AW 34, nwln #F side 4
< MAE B8 EAS JdedE ol Atd Uy
AEA ©F 71 binpicking WHEH nlZ3lojrn
shrinking algorithn®} uld7i1z=2 24 o4 BAEe &
AEojUxn 2o WE AYE FAY £ YA AP A
Al HAAZ A9 d9& FElgEs 34 oWy Ruyd
d9& FEALE 99 labellinge AAL Ajzto] glonz
A A AnE &d F Uds S AR S
¥ wAa 12 RAEE o|43ld ¥ holdsite H1x<
22t RAES Al zAAY U@ ARE AR gen=
ol & o|&3td T3 BA AdxE L2 A9 de=z
gripper7t EAE e A + U F&o| v FAS
MER=R
6. 4 &
A GAE dF ZREZ Azde] ddE g
e BAE H bin-picking Fdeld chdEA S Wl
ALY U A2E TS Arsidd. AMLH M ¥y
& olgYoEHN FEHEAN HAL A ¥ & U =¥



s e Ahe AR As Ae Alzke] 43 BAB
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