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A Study on Vision Sensor-based Measurement
of Die Location for Its Remodeling

Jitae Kim*, Suck-Joo Na**

ABSTRACT

We introduce the algorithms of 3-D position estimation using a laser vision sensor for automatic die remodeling.
First, a vision sensor based on the optical triangulation was used to collect the range data of die surfaces. Second,
line vector equations were constructed by the measured range data, and an analytic algorithm was proposed for
recognizing the die location with these vector equations. This algorithm could make the transformation matrix
without any specific corresponding points. To ascertain this algorithm, folded SUS plate was measured by the laser
vision sensor attached to a 3-axis cartesian manipulator and the transformation matrix was calculated.
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Fig. 1 Vision sensor of structured light
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Fig. 3 3D line of vector form

718 g & HAe) Aue AW, F
R "Jfé}‘i‘}‘ﬂ"]‘:} 22}% Haold HeL
ST - o R < A2 A5 AW
(least-square fitting) & :rL%} T Aoy, A9 2
& A dE BAAd FPolE oo 7

o2 T8 4 grk e B dFolA e 3349
o AESRE 43 AHs YPASE Fichs
oz 33d AAd HANS fEasT

Foael a5l 28 9, 7% B9 AAuHE
% s 2 AN ES Aol 4,— 2

a;—1
7} whgkele] B, 7 €k o] o) o5 HEo] o]

£ A9 BAE 43) 2o, Bel e she

PSS B9 AN FFoz T4

3

339 Fo|N e Fre) ng% H@% 2

o, olg HEE FASAE A5 @ol veld
T Atk
VXt vy + viz—d=10 )

&)

714 v & HHEe) WA mmmmnwmq
o, WA el 99 HE Y 3 d & dheR
Blel Azt dok 33 Fge) AERYEH 3
A AN FED A4S 2AE Ao Lol
A@d, A% 2ol A As eAYe A4
F glel A@el A& AFE Y F Aok



AAE - WA F . A=Y F A A7 A0E
z=agtaxt+ayte 6) L' & AD(12)8 Zol EAE & 3tk
Sr=2(zi—a0—a1xi—a2yi)2 ll LXx= d1‘+‘tb1, 12 : —9;:—;+t_; (11)
3Sr _ aSr _ aSr W x=ay by, b x=ay +iby  (12)
= =0 M
3a0 3a1 6(12 _ N
o W YA k £ 7 HgE B NEH I 5
n Z'x 2y ag 3z A o)zRatE B 9o A3 HEE Figset
x5 Zx321 g 2xz (®) Zol L, #AR L, Hyo] white M| IHdF W
% By i\e 12 ol ©oh L, L, 999 WA 98E 42 T,
32 AM #E| wHAZ 0|88 Ux HE I3 & 314, o158 4(13)% 2ol s g
gutxd oz Al WFE PH(rigid body B Ao 2RH AN + don, 3 = A
transformation matrix) 3|4 PH(R, rotation (18)8} 2ol o] & wWEl9] 97 0] %‘ﬂrm.
matrix) 523 H2 (P, translation matrix) -
2 BAY AO)% T @xHe) SALRRY N
(homogeneous matrix)2 EA|E & JYth. o|&A F
AAFPA G ALEEE A FPof PP AA|
(transpose) 3 A7 ZolA Aitol A AL o &
o] 3tk
7=[ Rex» Paxp ©) b b1
0 (1x3) §>*
b
L
o] f 3ld PP REL o 71X HERE FEA
& 5 9o, B AT E A10H B 5 \
3] A (equivalent angle-axis) 82 AHE-3FATH @
WEQl k = QAL 2A0F 3 FHES YEh Fig. 5 Axis of revolution
.‘:—: Z} u}sk OJ/\ — — >, — —,
‘11kx, k)’, kz —}- OU O]‘;}- L1:(b1+b1)x(blxb1) ,
kkw+c krv—ks kkotk T3 _ L .5
RGO =| bkt ks il BT L2=(by+ by )% (b by') a3
kkv— ks kkivthks kkvtc _/;=fl)>< % (14)
s=sinf, c=cosf, and v=1—cos §
o] W] @ 8& B3 F(sign convention)ol| =

Fig. 4 Two pairs of matched 3d lines

Figdsh 2ol AAsA e F Ao A4 4, b
o tatel, ol el AT WY B I,

L <‘b‘I><?1'>
o‘r‘ §']
aﬂTom 9 5% k
A% 6 kU YHR 2E
e & 53 (projection) | 7] HE *}01«1 s} go
vz, Zb ek dE o EH?'SIW 21159} 2ol Al
A 4 o) o] u, ZH gk W] Aol disiA 7
5% 78 + gonz A 3 AAe A A 4
o gdoixE= AN A =5 FAFE A
g3 2 Aol

6= cos [ {Bi— (B - BB - (B — (31 - BE)]

Lo we

7J

144



A - b

I UFeE] A17R A103

o= (8- BE - {5, (15)

st 2ol 5T HH7E Asle] 3 3
g2 7oA HE o] Hi A W w5
Figdet o] HastA FolAl €} o]Fo ¥z
L& 7 e, A WA AE 4L Figed
Py 83 FEE YAAY Fo R A wE WA
A9 B e e 2 B WA PP p, 2 T
AA HE S A7 e PPes 78 & 9k

fy= cos

= 3 WA dgyogRE a3 W gyo
Haed Zol & & doH, F i P gye
AN ol A WA PN FAAY el
e Aok A3 g7 98 A18)3} 2ol py
P, & e Hoh.

Pl=a~[Rld, (16)

Py=m{ R b; a7

P=P+ P, (18)

oA7IA, A T4 Z(rigidity constraint) S
FA oA z;—ﬁ—?; = L Aol EAs]or &}

n2 4198 2ol 91, 0% Fesd A5 m,

tol Be HF WAy 2ol £ & 9k
| —mb; = by t+[Rla, (19)
[ B bz’][ T]=Z§’~P1—[R]Z§ 20)

2(20)2 HX=G FHo| B2 FAL-A 53

gl H2nd o] X #ME e RN WA dxol m
< 78 & Itk ol (el WYsd p, & 7
+ s,

X=(H"H)"'G @1

A dAE e F A M) s |
H 434e 21 30 W, o] % s Ao g
AAl 54L B WEEY o)FH A2 Jehy
= ¥# 3 H(transformation matrix)& 78 4= g},

@, 7 NS Aol HYF AL eAHEE B
dg & flemz B dudEFe F48 gk,
izl Bt gFe F ) ol e AMG
ofof gt

4. 53 ME ¢ AN

A FFo) hE HAL 4L #7] A9 2mm
e e s FRe FRN 24 ARL
A%E F 3% A0 HE 22| NZAHES 23
stel 54 4¥e A%, Fign. U 27 #21
del 57

1g 3 2
NN T BAE o, 2 A70) te ol
JES 2 = 94 4% Fudze T AN
sy,

Fig. 7 Experimental setup for measuring of folded
stainless steel plate
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Fig. 8 Result of SUS plate experiment
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Fig. 9 Result of SUS plate experiment
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