»

f MHINOMYANANY HTTAONINANANTZIN

ANTANHIBAZWAIUNALNULUAS 3 RA

A STUDY AND DEVELOPMENT OF 3D SCANNER

wtan)dl  anawmuna
EKKAPHOOM THAKOLPATTANAKUL

a a X = s a o -
InendnusiitludiuniisrasinisdnmmunangnslsyanlAinssuAansunIlugn
a o < -
ANUNNTAAINTTUIATAING

TuAinIngag
s A0 UNATUTAENTZRRNNA NI AUNMTAIANTEIY
S W.A. 2545

YA TG
'R e ISBN 974-324-121-3

lﬂﬁ!‘l’!!:: o li:. TYT

;aunzsnﬂu..ﬁmismzzsés e
4q <4 | Lo L

Q.ia’ tﬂau, ﬂ‘]nz'oo[l':l;l-;“ .1-.--'---....c:.(.}:.?.:./.f-/..’.b. -----




A STUDY AND DEVELOPMENT OF 3D SCANNER

EKKAPHOOM THAKOLPATTANAKUL

A THESIS SUBMITTED IN PARTIAL FUFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF ENGINEERING IN MECHANICAL ENGINEERING
GRADUATE SCHOOL
KING MONGKUTS INSTITUTE OF TECHNOLOGY LADKRABANG
2002
ISBN 974-324-121-3



COPYRIGHT 2002
SCHOOL OF GRADUATE STUDIES
KING MONKUT'S INSTITUTE OF TECHNOLOGY LADKRABANG



Fadodnendinus asAnyLaziaL aunumes 3 A
HUnfnw wengil anaReuna
syanfnm 42062023

3gan FNTTUMTATUIY MDA
M Srrnssundedna

A 2545

= o J
9101305 AIuRNINTinug

= o d I 4 a
Ysgyaniinusaiiuiilidngussasandn WeAnyunaianiseonuuy oy

9 & 4 aa &£ d @ ] :
afruniosaunuiues 3 §a suthunseallonldlunsiavnauasglsivesdunu Tay

1
& a @ o

WALAS. ASTNANT ANUITAU

Unfinee

£ 4
Ao

q

v [)
& )

L d
ar t = A 4 a o ]
1¥ndnmsdszurannnmaisvesrunuifiaeesiugasiedslumsmammisiui

[ d
mawmmmmmazsxumwﬁﬁﬁﬂmn Llﬁl’Jﬁ'lﬂ'lﬁﬂ%"lﬂﬁuﬂ'lilﬁu‘UE]‘UQ!?J\‘I’QJ’G’]Q%’JU

. o o aa 4 a ' a
Close B-Spline uazﬁ%’mmumammq 3 ua “h'\ﬂ'lﬂﬂﬁﬂﬂﬂf]ﬂsl%\i'lu%i@WU’J']ﬂ’J’INNﬂ

' 1 L4 0 ' o § 4
waeeglusie ~1.7 i 1.9 mm. Taogunsainladaunudr ludiuvesduniosaunumes |

HATNADIAIADAUUIANITNADA 512 X 582 Wnwra Jdauszuna ludu 7,000 v



Thesis Title A study and development of 3D scanner

Student Mr. Ekkaphoom Thakolpattanakul

Student ID. 42062023

Degree Master of Engineering

Programme Mechanical Engineering

Year 2002

Thesis Advisor | Asst. Prof. Dr. Sunpasit Limnararat
ABSTRACT

The main objective of this thesis is to study a technique for design and
development of 3D scanner which is the equipment for measuring size and shape of
workpiece by, firstly, using concept of graphic processing of laser reference point on each
cross section surface of the workpiece, secondly, using close B-spline for edge generation
and , finally, creating the 3D modeling in computer graphics. The measured error of this
equipment which is the low cost prototype about 7,000 baht for mechanics and 512 X 582

pixel digital camera, is in range —1.7 to 1.9 mm.
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X3 Y3
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2.5.1.1 2D Scaling Transformation
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2D Scaling Transformation v Msteuazvwvesing el ingd
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< 4 - a 4 a
11u1mwwuw?eaﬂaﬂuvmmauﬂu Xuae 'Yy Tﬂﬂé"l\if]ﬂﬂi}ﬂ 0,0) ﬁ?ﬂﬂ']iﬂmlﬁﬁiﬂ‘]f

[y . 4 a a
1893M9A0 Scaling Matrix H99zunuAIY Sx Tufismaunu X uag Sy Tufiemaunu v

Sx 0 0
0 Sy O (2.3)
0y/ Qg

N1560U1IA TAQAI1UDY Sealing Matrix 92ABITA 0 <Sx, Sy <1

N3 UUWUUIATAGAIUBY Sealing Matrix 9zAoeiifn Sx, Sy> 1

v ¥
o @

X[ % X o o
&9t 2D Scaling ey P(X, y )iilu P (X Y ) annsoudas ladsi

Sx

pxx* y* =[x v 1]

0
Sy (2.4)
0

-0 O

0
0
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2.5.1.2 2D Translation Transformation
2D Translation Transformation flo ﬂ1sxﬂﬁuu@‘inmﬁwaﬁmq"lﬂmuﬁﬁ

3 o ‘& . R o y
maRdmualuiauy X uag Y $eeinsouaa Translation Matrix 199911

1 0 0
0 1 0 2.5)
x Ty 1

t 4
[ Y

y
939U 2D Translation Y9990 P (X,Y) dhu p* (x*,y*) ensouaasldaail

1 ONND
P*[X* y* 1]=[X Y l]' 0 1 0 (2.6)
Vi W5 .

2.5.1.3 2D Rotation Transformation

v [ a g
2D. Rotation fis Minyuingsounnusieds Taouaauiluynlunsvyy

t4
=4

o o A o
Frwnnmesmanyulufienieseunnu Z $aem1snuaai 2D Rotation Matrix 1464

Cos@ Sin6é 0
- Sin@ Cos6 0 Q2.7
0 0 1

#4171 2D Rotation Y9498 P (X,Y) 1iluga P* (X*,Y*) Aauyu O awnsouaaslqdadl

Cos@ Sin@ O
P*[x* v* 1|=[x Y 1]-|-Sin@ Cosd 0 (2.8)
: 0 0 1
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2.5.2.1 3D Scaling Transformation
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3D Scaling Matrix FeozlidnyazAduiuseuy 2 3R laoaunsouaal 3D Scaling Matrix

& o 1 -y ﬂ; L dy
Favmstenseveuya P (X,Y,Z) Tnudredafiyn 0,0) du p* (x%,y*,2*) 1&dsil

S 0.0 0
' A RLAR
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2.5.2.2 3D Translation Transformation
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2.5.2.3 3D Rotation Transformation
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Y
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Cos@ Sinf 0 O
-Sin@ Cos6é 0 O
TRz =| 5 1o 2.12)
0 0 01
ATHYUTOUUAU Y
Cos@ 0 -=Sin6 0
[TR]y = > TN L (2.13)
Y1 Sin6 0 Cos 0
0 0 0 1
MINYUTOVUNU X
1 0 0 0
[TR ]X a 0 Cos@ Sin6 0 (2.14)
0 ~Sin@ Cos@ 0
0 0 0 1

2.5.3 View Projection
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2.6 UUU1299Y23IAY (Graphic Modeling)
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2.6.3 uuyUd1analwan (Solid Modeling)
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k4
mMsvounuAveuUTandiag 3 §a auwsah dlaensasivaeu

v
I @ il

k4
a - b aa é
nnmes AdamnuaiseanInuEL taznnmasyosiamelumsueaing 3 98 Fah

v v
o @ 4

Vv v
o a o | a Y ] =1 a Ao
PR asslinanIudsfuLaas uAtTue i soveunn1ld  Wurands

=

< Y o o4 a Jd
ﬁ‘]ﬂJ’]iﬂNf’JQIWuVlﬂLlazlﬂuﬂﬂvﬂﬂ\‘l')ﬂqalun'ﬁUﬂﬁlﬂunuﬂﬂu'ﬂ')lﬂ@iﬂﬁ'wqﬂﬂﬂgill?ﬂ

b

£y

v - L4
@ ' a Y @ o a v [
ma%{mmmmxmeaﬂmnﬁum PNRINNU nﬂmawmﬂﬂmﬂumsnm’mq fe51

2.14

E4
o

1 o 1 g a a @
z‘ljﬁ 2.14 nﬂmasmmmm:vgmaﬂmnﬁum uaznnmas’wﬁwNmmm’mq



20

o 4y
271 MIMINAIABIAININNEZHIBBNDINHURAT
y Y ¥
MsmIneBidmInAUNuAY wagyseenaniiuAl dwiso ldlasms
/A ! a :: a [~ a & .4
¥11 Cross Product ﬂJﬂQL?ﬂLﬂﬂinlﬁﬂQﬁﬂN?uu 11«!7]?“’1']\11’]'3““1”1“‘1’7?’11 WQ@%qﬁll?ﬂlﬂﬂi

49 ' A a o (4
NFININ HATWIDDNVINWUND ﬂ\igﬂ“ﬂ 2.15

H c‘o’tl ' 4 =
311 2.15 msmnwesAwmINIBLHIBBNIINAUHD

AXB=C (2.15)

272 psmiuiafozuanduneufianedna il
nsmuiszuaadluneufiuaeinsmiiln aunsa18laun1sm Dot
Product veanmms’é’mmuaxvg'aeamnnﬁuﬁaﬁ'unnmas"ﬂmwuummwéam Dot
Product 11amﬂmm"‘ﬁaamﬁﬁﬂaunﬁm?wﬁﬁuﬁuﬁ uam'jwﬁuﬁmfu‘nzﬁ’mgmmm
aslunoufiomednsiing daunaves Dot Product BBNAEIAMANNIRUAITATITY

- n’: [ ' A 1 o 4 o’:
AniuazAvagnaiounse liuaaslunsuiunesnawiln luyuuessniniu 9



21

v
4

i (4 t 3 a e [ [
71 2.16 msnSouifvunnwesAminuazyseonnniiuiiunnreinTNeIiag

] y
= A o 1

' a J a
1ngiiiz.ie Wurszgnaounie ludasluneuiuneinsvilnluyu

Y

£ 4
a A o o 1

} 14 v ]
WBfAN1E X Ao Aumniinmmesdininuazyioenluiianie D, E uag F aIununIf

a o‘e’:

v
szuaas luyuuesfinma X Aie Auriniinnmesdminuasyseenlufian A, B uag C

2.8  HUUD1ALIINQUUY STL (Stereo lithography)
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1 4 = a a = A o ° 1 o,
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@ [ o a aa 4 v o { a
f10610 uwudansing 3 48 wuylWddeyaunudisnysvesingnsadmaoy

1 4
Jd ' -1
¥u1A 1 gnuAAnLsasouaas laaedl

SOLID
Facet Normal +0.00000E+00 +0.00000E+00 +1.00000E+00
Outer Loop
Vertex +1 .00600E+00 +1.00000E+00 +1.00000E+00
Vertex +0.00000E+00 +1.00000E+00 +1.00000E+00
Vertex +0.00000E+00 +0.00000E+00 +1.00000E+00
Endloop
Endfacet
Facet Normal +0.00000E+00 +0.00000E+00 +1.00000E+00
Outer Loop
Vertex +0.00000E+00 +0.00000E+00 +1.00000E+Q0
Vertex +1.00000E+00 +0.00000E+00 +1.00000E+00
Vertex +1.00000E+00 +1.00000E+00 +1.00000E+00
Endloop :
Endfacet
Facet Normal +0.00000E+00 -1.00000E+00 +0.00000E+00
Outer Loop
Vertex +0.00000E+00 +0.00000E+00 +1.00000E+00
Vertex +0.00000E+00 +0.00000E+00 +0.00000Ef—00
Vertex +1.00000E+00 +0.00000E+00 +0.00000E+00
Endloop
Endfacet
Facet Normal +0.00000E+00 -1.00000E-+00 +0.00000E+00
Outer Loop -
Vertex +1.00000E+00 +0.00000E+00 +0.00000E+00
Vertex +1.00000E+00 +0.00000E+00 +1.00000E+00
Vertex +0.00000E+00 +0.00000E+00 +1.00000E+00



Endloop
Endfacet
Facet Normal -1.00000E+00 +0.00000E+00 +0.00000E+00
Outer Loop
Vertex +0.00000E+00 +1.00000E+00 +1.00000E+00
Vertex +0.00000E+00 +1.00000E+00 +0.00000E+00
Vertex +0.00000E+00 +0.00000E+00 +0.00000E+00
Endloop
Endfacet
Facet Normal -1.00000E+00 +0.00000E+00 +0.00000E+00
Outer Loop
Vertex +0.00000E+00 +0.00000E+00 +0.00000E+00
Vertex +0.00000E+00 +0.00000E+00 +1.00000E+00
Vertex +0.00000E+00 +1.00000E+00 +1.00000E+00
Endloop
Endfacet
"Facet Normal +0.00000E+00 +1.00000E+00 +0.00000E+00
Outer Loop
Vertex +1.00000E+00 +1.00000E+00 +1.00000E+00
Vertex +1.00000E+00 +1.00000E+00 +0.00000E+00
Vertex +0.00000E+00 +1.00000E+00 +0.00000E+00
Endloop
Endfacet
Facet Normal +0.00000E+00 +1.00000E+00 +0.00000E+00
Outer Loop
Vertex +0.00000E+00 +1.00000E+00 +0.00000E+00
Vertex +0.00000E+00 +1.00000E+00 +1.00000E+00
Vertex +1.00000E-+00 +1.00000E+00 +1.00000E+00
Endloop
Endfacet
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Facet Normal +0.00000E+00 +0.00000E+00 -1.00000E+00
Outer Loop
Vertex +0.00000E+00 +0.00000E+00 +0.00000E+00
Vertex +0.00000E+00 +1.00000E+00 +0.00000E+00
Vertex +1.00000E+00 +1.00000E+00 +0.00000E+00
Endloop
Endfacet
Facet Normal +0.00000E+00 +0.00000E+00 -1.00000E+00
Outer Loop
Vertex +1.00000E+00 +1.00000E+00 +0.00000E+00
Vertex +1.00000E+00 +0.00000E+00 +0.00000E+00
Vertex +0.00000E+00 +0.00000E+00 +0.00000E+00
Endloop
Endfacet
Facet Normal +1.00000E+00 +0.00000E+00 +0.00000E+00
Outer Loop
Vertex +1.00000E+00 +1.00000E+00 +1.00000E+00
Vertex +1.00000E+00 +0.00000E+00 +1.00000E+00
Vertex +1.00000E+00 +0.00000E+00 +0.00000E+00
Endloop
Endfacet
Facet Normal +1.00000E+00 +0.00000E+00 +0.00000E+00
Outer Loop
Vertex +1.00000E+00 +0.00000E+00 +0.00000E+00
Vertex +1.00000E+00 +1.00000E+00 +0.00000E+00
Vertex +1.00000E+00 +1.00000E+00 +1.00000E+00
Endloop
Endfacet
Endsolid
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2.9.2 Close B-Spline
dmumsmaumsvouvesinglauld B - spline szdoeldaumsiugy
. 4 o Y o > 2
(1IUUB4 Close B ~ spline Feazllunmsmaunmsvosdeyauvylta dagun 2.19 Faee
Wik 1Rvevfinsusevvnsing lauligduuuauns Bendling Function uag Knot

. = ] o n::l
Function fitana1909n 11 Aail
=t o c:’
Blending Function 48 Knot Function #3Uiuuauns asi

1 e knot(0)< ¢ < knot(1)
B, (0 = 1 ifle knot(0)<t <knot(l) waz t=N-K+2  (2.20)
' 0 AN
(¢ = knot(0))x B, t)  (knot(k)~1)x B, ,(¢)
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Knot Function Knot (i) =1 (2.23)
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¥9431491950q (mm.)
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2355 2119 86
2340 1946 81
2342 1765 80
2353 1610 71
2356 1460 66
2345 1331 61
2341 1192 56
2335 1069 51
2329 960 46
2328 847 41
2338 742 36
2320 653 31
2308 557 26
2315 472 21
2319 373 16
2308 300 11
2305 224 6
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fumiaiinia | dumdsina | gunedag | qudnarsgm | misdwnn | anwdeanaia
(X) (y) ﬁﬁﬂq (cm.) ﬁﬁmq (mm.) (mm.) (mm.)
2354 2711 5 101 100.57 0.43
2354 2716 5 101 100.69 031
2361 2721 5 101 100.81 0.19
2357 2710 5 101 100.55 045
2360 2720 5 101 100.78 0.22
2356 2489 5.5 96 95.30 0.70
2362 2488 5.5 96 95.28 0.72
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syuzanveu| seezvingn | seozdilfenn
fumdsfinia [dumisiinea| gondag | gudnang | msdwan | anudanaia
(X) ) fleiag (cm) | fa¥ng (mm) [ (mm) (mm.)
2362 2491 5.5 96 95.35 0.65
2355 2483 55 96 95.16 0.84
2350 2482 55 96 95.13 0.87
2359 2305 6 91 90.77 0.23
2351 2303 6 91 90.72 0.28
2354 2307 6 91 90.82 0.18
2365 2316 6 91 91.05 -0.05
2354 2304 6 91 90.75 0.25
2360 2103 6.5 86 85.54 0.46
2359 2105 6.5 86 85.59 0.41
2360 2100 6.5 86 85.46 0.54
2346 2096 6.5 86 85.35 0.65
2359 2106 6.5 86 - 85.62 0.38
2347 1914 7 81 80.30 0.70
2348 1914 7 81 80.30 0.70
2346 1916 7 81 80.36 0.64
2341 1913 7 81 80.28 0.72
2342 1911 7 81 80.22 0.78
2349 1765 1.5 76 75.90 0.10
2343 1761 7.5 76 75.78 0.22
2353 1765 7.5 76 75.90 0.10
2352 1764 7.5 76 75.87 0.13
2347 1763 7.5 76 75.84 0.16
2356 1593 8 71 70.45 0.55
2352 1593 8 71 70.45 0.55
2358 1602 8 71 70.75 0.25
2351 1592 8 71 70.42 0.58
2350 1594 8 71 70.49 0.51
2351 1454 8.5 66 65.73 0.27
2359 1453 8.5 66 65.69 031
2347 1459 8.5 66 65.90 0.10
2357 1451 8.5 66 65.62 0.38
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Aumisfinia [dumisinga| giunedag | gudnatesg st | ATAANAIA
X) ) fle¥ng (cm) | Be¥Ag (mm) | (mm) (mm.)
2358 1452 8.5 66 65.66 0.34
2347 1321 9 61 60.91 0.09
2355 1317 9 61 60.76 0.24
2340 1312 9 61 60.57 0.43
2349 1316 9 61 60.72 0.28
2341 1313 9 61 60.61 0.39
2345 1191 9.5 56 55.88 0.12
2336 1185 9.5 56 55.64 0.36
2343 1189 9.5 56 55.80 0.20
2340 1191 9.5 56 55.88 0.12
2348 1189 9.5 56 55.80 0.20
2328 1060 10 51 50.47 0.53
2325 1064 10 51 50.64 0.36
2334 1065 10 51 50.68 0.32
2332 1066 10 51 50.73 0.27
2330 1071 10 51 50.94 0.06
2333 948 10.5 46 45.56 0.44
2328 948 10.5 46 45.56 0.44
2322 946 10.5 46 45.47 0.53
2336 951 10.5 46 45.69 0.31
2335 949 10.5 46 45.60 0.40
2334 840 1 41 40.55 0.45
2330 840 1 41 40.55 0.45
2326 835 1 41 40.31 0.69
2325 837 1 41 40.41 0.59
2328 841 1 41 40.60 0.40
2339 745 11.5 36 35.92 0.08
2340 744 1.5 36 35.87 0.13
2337 744 1.5 36 35.87 0.13
2340 746 1.5 36 35.97 0.03
2336 742 1.5 36 35.77 0.23
2313 632 12 31 30.11 0.89
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Aumiafnea [Aumisfinea| giuneing | qudnangm | msdman | Avwianann
0 ) fla¥ag (em) | fe¥Ag (mm) | (mm) (mm.)
2308 633 12 31 - 30.16 0.84
2323 634 12 31 30.21 0.79
2313 633 12 31 30.16 0.84
2309 633 12 31 30.16 0.84
2309 549 12.5 26 25.62 0.38
2317 548 12.5 26 25.57 0.43
2308 550 12.5 26 25.68 032
2311 549 125 26 25.62 0.38
2316 550 12.5 26 25.68 0.32
2307 457 13 21 20.43 0.57
2300 457 13 21 20,43 0.57
2311 455 13 21 20.32 0.68
2306 455 13 21 20.32 0.68
2308 457 13 21 20.43 0.57
12305 376 13.5 16 15.66 0.34
2319 383 13.5 16 16.08 -0.08
2318 378 13.5 16 15.78 0.22
2320 383 13.5 16 16.08 -0.08
2316 379 13.5 16 15.84 0.16
2312 294 14 1 10.64 036
2314 292 14 1 10.51 0.49
2313 293 14 1 10.58° 0.42
2316 293 14 1 10.58 0.42
2320 295 14 11 10.70 0.30
2303 223 14.5 6 6.12 -0.12
2308 226 14.5 6 6.31 -0.31
2310 225 14.5 6 6.25 -0.25
2312 227 14.5 6 6.38 -0.38
2309 224 14.5 6 6.19 -0.19
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4.16 Uz 4.17

g1l 4.15 msidladeyai1dninmsialasldlilsunsu MCS. Nastran Version 4.6
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ABSTRACT
Currently , research and development 6f industrial measurment is very important especially for the

size and profile measurment of workpieces which requires both accuracy and precision

However , equipments and tools for measuring workpieces still have limitations especially for the
complex workpieces. Thus, the main content of this paper is to design and develop 3D SCANNER that can
be able to be operated in the wider scope by measuring.the position of workpiece from above, scanning the
cross-section of workpiece and calculate position in term of position coordinate system of the surface of
workpiece. The suitable algorithm for curve fitting is designed and developed. These are the concept for
development of 3D SCANNER that can perform in the wider range with the acceptable accuracy and

precision

Keywords: profile measurment , workpieces , 3D Scanner
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Gli.jl=e 2 (1)
- 2ol

33 6]

i=l j=1
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Gli.y) Ao awnnsomaiawin Gaussian Smoothing Filter ARnusa [i.j]1m
o A9 Determines the width of Gaussian :
PLi.j) Ao swmiwasingsimiugaasef
Hii il A9 '5mmiama‘:mmm#‘.’ﬁéﬂnnq’uamm-‘_n
5 m
EZG[i.j] Af  NATINYIEL Gaussian Weight Value

joel  ju]

A11797 1 A Gaussian Weight Value 189n§uaauna 7 X7 Ao uazAl O =2

(i,j1{ -3 -2 -1 0 1 2 3

3 0.011| 0.039{ 0.082| 0.105| 0.082| 0.039| 0.011
2 0.039f 0.135} 0.287| 0.3g0} 0.287| 0.135} 0.039
1 0.082} 0.287| 0.606| G.779{ 0.606 0.257_ 0.082

0 0.105| 0.368| 0779 1.0 | 0.779( 0.386( 0.105
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-3 0.011 0.039| 0.082| 0.105{ 0.082| 0.039| 0.011
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