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Noncontact 3-dimensional Measurement Using
He-Ne Laser and CCD Camera

Bongchae Kim, Byungcheol Jeon and Jae-Do Kim

Key Words : Noncontact 3-dimensional Measurement (4] A & 3314 229}, Laser Slit Beam (&
o] # 42 1), Reflection Measurement Method (uF2} Al &A1) CCD Camera (CCD 7}
mlz}) Surface Modeling (v = =2])

Abstract

A fast and precise technique to measure 3-dimensional coordinates of an object is proposed. It
is essential to take the 3-dimensional measurements of the object in design and inspection. Using
this developed system a surface model of a complex shape can be constructed. 3-dimensional
world coordinates are projected onto a camera plane by the perspective transformation, which
plays an important role in this measurement system. According to the shape of the object two
measuring methods are proposed. One is rotation of an object and the other is translation of
measuring unit. Measuring speed depending on image processing time is obtained as 200 points per
second. Measurement resolution is experimented by two parameters among others; the angle
between the laser beam plane and the camera, and the distance between the camera and the
object. As a result of these experiments, it was found that measurement resolution ranges from
0.3 mm to 1.0 mm. This constructed surface model could be used in manufacturing tools such as

rapid prototyping machine.

shan A ahalA FAalof qel,

LM B AR e AgEA AAAA g Al

57142 471% wldeiA sgieh. CAD/CAM

A A WA A4k A gel edvh systeme] o] §0.2 Aol Foly ot of wb

WATHE Aol FAdol oA AE F2a E ol gahie AiHos bk e g
ch, 58 2y Aasl e AFL 39 A YAL Quahs o] WashA w0

F4, T AR A A, e dudom Al ;4 g dlelel & 217 slaja
ofgsto] ubEolA Aol FAol Ackat We  AHFA AU FH/CMMelA FEA mzus

Foh O webd S W RE AhEe] ¥ Al
L Kb AA Frell Al vk o uhm b |
*olahefdlm ol eks] 7| A 2ata} stol w937} wkAl s} klu} NEREEE T
**5]9), elebeletiL /A gsta Qste] AAlAel Fa Azte] whE wHE 3349

rL e
< e o




He-Ne #lo] Ao} CCD 7} 2}t

S 70el gk o] Ssia gl

o9} Fro| Ao Axkel CAD/CAM 7)&& 3
ez ggele] nege] ad W AE kAl
i g]g;m: Fig. 1ol Ao} ko] 3ak81 %4 7]
o ofgko] wfg- Fedteh MY Aol e Al

Xhorjﬂ"‘_% AR lernw 3ol A

9 5 24719 2 &qkeol
deb 2 oo} walel sek weld, HHEE
AL A8 DRl gk ols
o7k A slof ghef, 14
dlolH e ol &4 34

PP ENEIE T

vloll @ o] %2} image processing ¥ w8 o] &3}
o] A zto] stz AHE4 Aulg +9lsHA
ofx & #xlo] Qlr

Hoedys Als e
B0 HAYAE A AT o2 Al G2
S ohol 3l vl pEs, A
8517 A =bak <429 (rapid prototyping) ¢
shifol dlo] A AN E u]RE Ao 2

Athzhel wl st el el

h B

hgd ddel Aol e And A
U= AR 3R STl Aol odF HAE
So el Atbold 333 25T ol Solel
3 Auseld 3akel A%y ul Ao A
ol A5 9t 338 FAX Aol Ago] 7}5a

AsE Alxtele A, F Asbapel A Aol
dhrtel Alaglg o] gste] B3 o r Rl A

o) ol o] Zajojut,

~No
i

x-lo|§

<

2.0 FAuis

A staa s Falol wkAbEl o)A w92
Fhmte] 22 odAldvio g Sodxlch 238 o
A P S 3R ARDE o) )
A= 338 B¥o} 2348) guloz Fodulghel

Al ckobjol gheh R Loduigigel s Sy
shiah ahi= st pviletel 484/ shelza

AZb Fhlleka A b 2o, g A 2R A= 54
sharzl sk dlAbE LJrEMD} T W
(X, Y, Z)sh pllekatss Clr, v, 25 74 =
Aolel, ol r oz AL 4

|=3
e

o] &gk ul A & 3AY A 1863
by o
’ %
X !
7,
b'wn‘/'” \'7
Xo
Yo
\'»
Fig. 1 Relation between world coordinate and
comera plane
#g A4 4 olrh Fig 1 shilebsiyq sl
A LA S Re] 4L gl
EAXS A 39S wuisolv e )
o] 4
a
b
(XY Zhun =0 (1)
¢
d

el MY Az FHAAAL) Aol 5
W AEel dgaAE e e el L

A A A
X v 7 ﬁ: ;‘z j: o ) (2)
Ay Ap A
gulatol elsfe] AHE & :
s 2Ade 4 (1), (202 9tFdes o
3} gkl 2 4 9l

(XY Z VVA=(xr vu 0 h) )
X oyl SbdARe] x, yERR
/3 iZ} /(«!Flg] %’%7]

(Xo Yu Zyw HY=(x y 0 DA™
=(x y DUm {4)
An Aw A Au
A21 AZZ AZB A24
Asi Asz Ass Ax
An A Az Au
i Bz Mz M

M= M2 Moz M2 Mz (6)

Wiz Wsp W33 13



1864 g -

Fab HI3A L deo] eldte] X=Xu/H, Y=
Yu/H, Z=Zuy/Hol22 A (4)& Aefsid

mux + may+ ms— X (muax + mizey + msa) =0

WX + Moy + mas— Y (mi1ax + mzay + mas) =0

Z(m14x+7n24y+m34) =)

)

M1sX + M2y + Maz —

—
=~

74 12700l Ak o #HE3)
71EA el Had 447t glofobut s

A 7\-;7} A=A _q] 3}

o
|
o
ot

>

o
ni

3
3,

B of] 4] Az]ﬂo] AR g 3§

3l AL 2 ELE” 2] (surface modeling) o] 2} <
A% zdol olah 4|4
3

@ el Sniel g

|
% fxttmgb‘ Fart glenz wAHE cfghal g
7l A

ol-g3hal ehar wwlel AL 354

el shiz Ao} frelsheh, ool A
WE AW Anle myle] shuel vhild ahnd
e ol gsigleh, AR S sk el

3 55 glont o

b2 2ol dlsl] EARE A}

AL R & ) 3
A el g sk SlA ek A
sh= A o] 9

sl B RE A el 44 pen
AAsiigs S vhgel zhe Abaty o R
ol Folal shdalz ARshE puleleh chial
Aose A ZARE I A3 FALE o B )
Atz chh wsh TAb Al o ol
A sAstm SIS Ao s 4Hol
ek Gl ALY Fig ol bl

Alzbnd & 4] (triangulation) & A A =A5 1k
2aud ael SAE RS Gl 4%

3
& siell Aol golel wef ghaeltel g
s, 2335 Ay 2o L3ksta oo
= HE5S ALE5ho] AL7_}!1194 u] I ooleldl 2
2] skt

|

j]_7} E‘Lu‘_g] zi Al o-]] £l ol_‘r] \:q

Alg
Fof|Ad= Al7hg el b Wizbe] mv)sb ziA zfol }
= oabrbde] el 4 glek ol WAl a

>
23
59
N
)
=
bl
=
kn

Fig. 2 Polyhedron model

Askz] Sld A%l AHE Fold dzew
A 7 dpo] A Alzbu] o] ubiio] 2 v B sl ), A Bl
& 7} scanning#| A s eiAl= g Rkele AT

2 9l AL Fohod Abzh o] A A

¢ 59

oz Apgalel x4t wA 4 NI
A 4 @] el A el Wit Bk
o Agdglel, FuWE AAuE 5] 9

ste{ 7 scanningell A AH87 Hel A4E A7
& o}% scanning#lell ol wiistel A A E
A A o}ol\:} A 23 scanningel] 2jall 4] o]
A A F rAsb o] %she scanninge] A& ol

o] 3= &S Al

Fojod Al qhEglow, 4% Al
e slEe Hart Amst FE0 G8E )ES
ol gl vhAvtos A abwel 4y ush
A7 AL sl Sle) LA BFHL A A
Mo Aqalgiel ubreldl zhzkel bzw el
Q1A 417 LA fehel AW RaEE

=]

2
I, o o Lo &2 o
TEH ;54] o 7 1] /d ol— H]. OL é,ﬂ_ 7b o E 4}7 ud O A

ahgc, w2

o
o

3.1 é’éi%d—ﬁ s|MEjolE
[=]

ZATE BE g9en AgH

He-Ne #] o] #]
¢} CCD *7}"*? ebir A1)k 2] oAb R ol vk, )
seof olafed FgEv, A of Bl
g ol AA Algsiodel, A Sl st
kel e zAdd Bl HYAAET ol FE 4
Ae 4 oleh Fig 3ol H4Aa0 FA4x
gk 10 mW He-Ne #| o] #el line ge-

HAA o]



He-Ne el o} CCD shullebi o &-¢F WA & 32h8] #4

Rotation Table

Translation U'nit
Step Motor
Driver

He Ne Laser CED Camera

Monilor

pe Image Grabher

Fig. 3 Configuration of three dimensional measure-

ment system

slovt Al A4 helen ool de W4
o eli Bk 4+ o) Aol Hz 3% 4
sf gkel Algselel o

H
S

14 Aol Felol whob &4
WA A, mE S ol% el HPYA

|
99 4 ek F4esh sduol e Az sy
welo] lsted FEAc adnels PCo) W
22 A s (paralle

Aoy xl et

o]
<)
-
o
2
~0O
2
N
R
o3
2
X
H
B
o
12 o
s

of 4k #l Szl DT 2867/LC image grabbing

boardet CCD 7wz}, pentium PC% AH-g-slolch

o3 A} &) 45-ax = Windows 3.1 &7+ DOS %7

ol 4] sl g ol efod ga 2 4 o

oospele] Helw Aad 4 ek Table 154
|

|
Table 20l &4 4aloll AR&x #a]2] Aboks iie}
Hod e,

FoE -t

Z A A A o) 5l £ e o] = C language
o) Ested Axtsldel, axEelo T v
Sl o

330 E=7|5

S A elol &) ALE-SE mg g kA (]
Ao, #dely)

boFhdlel, EA el Ao
. g §PU10ﬂ/H o] threshold 7] &%k %%
ahele] o] % - 4 AAGh

332 Zlogl vH

#)

Fhull e} A (camera calibration) € 3 7b4 of 2}
JEeb gheluf sbd zbE 7ke] W ek AlE sl Ao

1865

Table 1 Vision board (DT 2867/LC)

RS-170/NTSC/RS-330

Memory Two 8-bit buffers

-

Video input

Table 2 Specification of CCD camera

Resolution 570 X 485 pixels

Horizontal resolution 420 lines

Sensitivity (lux) 5(F1.4)
Signal to noise ratio (dB) 48
Sensing area (mm?) 6.4%x4.8

Auto iris Lense WV-LA12B2

Focal length (mm) 12

Fig. 4 Calibration block (mm)
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Table 3 Measurement error

Real size(mm) Meas;;i)value error (%)
27.77 27.35 1.25
60.0 59.30 1.16
120.0 119.24 0.63

(a) Piston (b) Doll

(d) Calibration block

Fig. 8 Photogras of measuring objects

(¢) Bulb
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Table 4 Examples measured by transiation

Measured object

size (mm)

Measured step
(mm)

Bulb

60 X

60x112

20 st

Doll

70X 110135

Cup

T2X72X85

o)
VS

Lemon

> ot ::«xg

= 205
) mmeo] L}
s

K3 o]

7}

(a3

(a)

(b) Doll

Table 5

table

Examples measured by rotation

60 X 60 X77

Measurement result

Fig. 10 Mecasurement result of object by

U GI REUNIR

Bulb

(b2)

Doll

(b3)
(b} Acquired surface
model

Measured object

Size (mm)

Measured step angle(°)

Piston TTXTTXT1 3
Calibration block ] Q27.77, 6 , 120 10
Lemon 60 X 60 X 77 10

Doll 70X 110> 135 2

Bulb | 60X 60x112 5

rotation
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