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Rapidly Constructing the 3D Model
from Multiple Images of an Object

Student : Huan-Yu Lin  Adyvisor : Tsu-Tian Lee

Kuo-Yang Tu

Department of Electrical and Control Engineering

National Chiao Tung University

Abstract

In this thesis, we propose a method to quickly reconstruct the 3D
model of an object in a simple and easy way. Because we use the most
popular digital camera at present to capture the six-view images of the
object, all experimental equipments are quite inexpensive and the
experimental environment can be easily set up. We propose some
algorithms, such as background-filtering and view-corresponding, to deal
with these images, and then link all algorithms to become a complete
procedure to reconstruct the 3D model of the object. After reconstructing
four objects, results show that the proposed method is indeed quick and
the 3D model that has been reconstructed is almost identical to the real
object itself. Experimental results show the applicability of the proposed
method.
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FOR ALL image i=0....numberOfImages-1 DO
IF |BackgroundImageColor(i)-ObjectlmageColor (i)|<= ThresholdColor
THEN
OutputlmageColor(i)= BlackColor
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OutputlmageColor(i)= ObjectimageColor(i)
END IF
END FOR
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Vnum=1
FOR ALL image i=0....numberOfIlmages-1 DO
IF i<=InputlmageRowNumber TEHN
OutputlmageColor(i)= BlackColor
ColorMeanValue= [ColorMeanValue+InputimageColor(i)]
/ Vnum
Vnum= Vnum+1
ELSE
IF InputlmageColor(i)+ ColorMeanValue<= ThresholdColor
THEN
OutputlmageColor(i)= BlackColor
ColorMeanValue= [ColorMeanValue+InputimageColor(i)]
/ Vnum
Vnum= Vnum+1
ELSE
OutputlmageColor(i)=InputlmageColor(i)
END IF
END IF
END FOR
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FOR FrontViewlmage a= 0....numberOflmageColumns-1 DO
FOR FrontViewlmage b= 0....numberOflmageRows-1 DO
IF FrontViewlmageColor(a,b)<= Threshold TEHN
FOR ChangingAxis c= 0....numberOflmageColumns-1 DO
ModelMatrix(a,b,c)= 0
ColorMatrix(a,b,c)= 0
END FOR
ELSE
FOR ChangingAxis c= 0....numberOflmageColumns-1 DO
ModelMatrix(a,b,c)= 1
ColorMatrix(a,b,c)= FrontViewImageColor(a,b)
END FOR
END IF
END FOR
END FOR
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FOR LeftViewlmage a= 0....numberOflmageColumns-1 DO
FOR LeftViewlmage b= 0....numberOflmageRows-1 DO
IF LeftViewlmageColor(a,b)<= Threshold TEHN
FOR ChangingAxis c= 0....numberOflmageColumns-1 DO
ModelMatrix(c,b,a)= 0
ColorMatrix(c,bsa)=0
END FOR
ELSE
FOR ChangingAxis ¢= 0....numberOflmageColumns-1 DO
ModelMatrix(¢;b;a)="1
ColorMatrix(¢;b,a)= FrontViewImageColor(a,b)
END FOR
END IF
END FOR
END FOR
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FOR BackViewlmage a= I....numberOflmageColumns-2 DO
FOR BackViewlmage b= 0.;..numberOflmageRows-1 DO
IF BackViewImageColor(a-1,b)<=Threshold &&
BackViewlmageColor(a,b)> Threshold &&
ImageBoardXFind==
TEHN
ImageBoardX= a
ImageBoardXFind= 1
END IF
END FOR
END FOR

FOR BackViewlmage b= 1....numberOflmageRows-2 DO
FOR BackViewlmage a= 0....numberOflmageColumns-1 DO
IF BackViewImageColor(a,b-1)<= Threshold &&
BackViewImageColor(a,b)> Threshold &&
ImageBoardYFind==
TEHN
ImageBoardY="b
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ImageBoardYFind= 1
END IF
END FOR
END FOR

FOR ModelMatrix m= numberOfMatrixColumns-2....0 DO
FOR ModelMatrix n= 0.... numberOfMatrixRows-1 DO
FOR ModelMatrix o= 0.... numberOfMatrixDepths-1 DO
IF ModelMatrix (m+1,n,0)=—= 0 &&
ModelMatrix (m,n,0)==1 && ObjectBoardXFind==
TEHN
ObjectBoardX=m
ObjectBoardXFind= 1
END IF
END FOR
END FOR
END FOR

FOR ModelMatrix n= 1....mumberOfMatrixRows-1 DO
FOR ModelMatrix m=:0.... numberOfMatrixColumns-1 DO
FOR ModelMatrix-o= 0:.sonumberOfMatrixDepths-1 DO
IF ModelMatrix (m;n-1,0)==0 &&
ModelMatrix (m,n,0)== 1 && ObjectBoardYFind==
TEHN
ObjectBoardY=n
ObjectBoardYFind= 1
END IF
END FOR
END FOR
END FOR

FOR p=0.... numberOflmageColumns- ImageBoardX -1 DO
Flag=0
FOR g=0.... numberOflmageRows- ImageBoardY -1 DO
Flag=0
IF BackViewImageColor(p+ImageBoardX,q+ImageBoardY)
<= Threshold
THEN
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FOR r=0.... numberOfMatrixDepths-1 DO
ModelMatrix(ObjectBoardX-p,ObjectBoardY+q,r)= 0
END FOR

ELSE
FOR r= 1.... numberOfMatrixDepths-1 DO

IF ModelMatrix(ObjectBoardX-p,0ObjectBoardY+q,r-1)==
&&
ModelMatrix(ObjectBoardX-p,ObjectBoardY+q,r)==1
&&
Flag==

THEN
Flag=1
ColorMatrix(ObjectBoardX-p,ObjectBoardY+q,r)
= BackViewlmageColor(p+ImageBoardX,

q+ImageBoardY)
END IF
END FOR
END IF
END FOR
END FOR
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FOR RightViewlmage a= 1....numberOflmageColumns-2 DO
FOR RightViewlmage b= 0....numberOflmageRows-1 DO

IF RightViewImageColor(a-1,b)<= Threshold &&
RightViewImageColor(a,b)> Threshold &&
ImageBoardXFind==

TEHN
ImageBoardX= a
ImageBoardXFind= 1
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END IF
END FOR
END FOR

FOR RightViewlmage b= 1....numberOflmageRows-2 DO
FOR RightViewlmage a= 0....numberOflmageColumns-1 DO
IF RightViewImageColor(a,b-1)<= Threshold &&
RightViewImageColor(a,b)> Threshold &&
ImageBoardYFind==
TEHN
ImageBoardY="b
ImageBoardYFind= 1
END IF
END FOR
END FOR

FOR ModelMatrix o= numberOfMatrixDepths-2....0 DO
FOR ModelMatrix n= 0.... numberOfMatrixRows-1 DO
FOR ModelMatrix:m=10...: numberOfMatrixColumns-1 DO
IF ModelMatrix (m,n,0+1)== 0 &&
ModelMatrix (m,n,0)==/1 && ObjectBoardZFind==
TEHN
ObjectBoardZ= o
ObjectBoardZFind= 1
END IF
END FOR
END FOR
END FOR

FOR ModelMatrix n= 1.... numberOfMatrixRows-1 DO
FOR ModelMatrix m= 0.... numberOfMatrixColumns-1 DO
FOR ModelMatrix o= 0.... numberOfMatrixDepths-1 DO

IF ModelMatrix (m,n-1,0)== 0 &&
ModelMatrix (m,n,0)==1 && ObjectBoardYFind==

TEHN
ObjectBoardY=n
ObjectBoardYFind= 1

END IF
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END FOR
END FOR
END FOR

FOR p=0.... numberOflmageColumns- ImageBoardX -1 DO

Flag=0

FOR g=0.... numberOflmageRows- ImageBoardY -1 DO

Flag=0

IF RightViewImageColor(p+ImageBoardX,q+ImageBoardY)

<= Threshold
THEN

FOR r=0.... numberOfMatrixColumns-1 DO

ModelMatrix(r,0ObjectBoardY+q,0ObjectBoardZ-p)= 0

END FOR
ELSE

FOR r= numberOfMatrixColumns-2....

0 DO

IF ModelMatrix(r+L;0ObjectBoardY+q,0ObjectBoardZ-p)==0

&&

ModelMatrix(r,0ObjectBoard Y+q,0ObjectBoardZ-p)==

&&

Flag==
THEN

Flag=1

ColorMatrix(r,0ObjectBoardY+q,0ObjectBoardZ-p)
= RightViewImageColor(p+ImageBoardX,
q+ImageBoardY)

END IF
END FOR
END IF
END FOR
END FOR

3.4.5 J‘ﬁfﬁ’%@
EEl jﬁf T A S R

o>

B LT3 411D

[y R

B PR A AR T - TS BBV BT T

37



FOPRRR 2 = 0 NS T F P « iy 5Bl g piios - 3
HRRTERL S 3 5 oy il 55 e 5 PR R IR & L TP il - =
Py = i Y TR XA R R g (B g A A T
il X AT AR XA L LY AR Z AR L e
ke 0 PRERraf ™ — BESE AR X AR TR Y RARAT Z
HARPVRTE | TR P R H Y HUE R - W S
LSRR > RIDR = XA TR =AU S5l ] 24 el sk
g PR BTS2 s TR 2 AT

e 15 ST Xt M B
ERIFIRY X 7 A SRR BT Y A
B [ SPTERILY Z s R Py ) X2 A5
T Y A ST S PSR Ty e e R85 A
TR o PRSI © F R R R P
VR > S PR AE SR R Y A e 2
PR 0 2 o S SSLEISEI FAFSRRg 8 i 7 Sk
1R Y AR IR RS I R 1R Tt
R A AR - A=k RS O - 20 3 ke
VRETER B

38



T b R T

FOR TopViewlmage a= 1....numberOflmageColumns-2 DO
FOR TopViewlmage b= 0....numberOflmageRows-1 DO
IF TopViewlmageColor(a-1,b)<= Threshold &&
TopViewlmageColor(a,b)> Threshold &&
ImageBoardXFind==
TEHN
ImageBoardX= a
ImageBoardXFind= 1
END IF
END FOR
END FOR

FOR TopViewlmage b= 1....numberOflmageRows-2 DO
FOR TopViewlmage a= 0....numberOflmageColumns-1 DO
IF TopViewlmageColor(asb21)s= Threshold &&
TopViewImageColor(a,b)> Threshold &&
ImageBoardYFind==0
TEHN
ImageBoardY="b
ImageBoardYFind= 1
END IF
END FOR
END FOR

FOR ModelMatrix o= numberOfMatrixDepths-2....0 DO
FOR ModelMatrix n= 0.... numberOfMatrixRows-1 DO
FOR ModelMatrix m= 0.... numberOfMatrixColumns-1 DO
IF ModelMatrix (m,n,0+1)=—= 0 &&
ModelMatrix (m,n,0)== 1 && ObjectBoardZFind==
TEHN
ObjectBoardZ= o
ObjectBoardZFind= 1
END IF
END FOR
END FOR
END FOR
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FOR ModelMatrix m= 1.... numberOfMatrixColumns-1 DO
FOR ModelMatrix n=0.... numberOfMatrixRows-1 DO
FOR ModelMatrix o= 0.... numberOfMatrixDepths-1 DO
IF ModelMatrix (m-1,n,0)== 0 &&
ModelMatrix (m,n,0)== 1 && ObjectBoardXFind==
TEHN
ObjectBoardX=m
ObjectBoardXFind= 1
END IF
END FOR
END FOR
END FOR

FOR p=0.... numberOflmageColumns- ImageBoardX -1 DO
Flag=0
FOR g=0.... numberOflmageRows- ImageBoardY -1 DO
Flag=0
IF TopViewlmageColor(p+ImageBoardX,q+ImageBoardY)
<= Threshold
THEN
FOR r=0.... numberOfMatrixRows-1 DO
ModelMatrix(ObjeetBoard X-+p,r,ObjectBoardZ-q)= 0
END FOR
ELSE
FOR r= numberOfMatrixRows-2.... 0 DO
IF ModelMatrix(ObjectBoardX+p,r+1,0bjectBoardZ-q)==0
&&
ModelMatrix(ObjectBoardX-+p,r,ObjectBoardZ-q)==
&&
Flag==
THEN
Flag=1
ColorMatrix(ObjectBoardX-+p,r,ObjectBoardZ-q)
= TopViewImageColor(p+ImageBoardX,
gq+tImageBoardY)
END IF
END FOR
END IF
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END FOR
END FOR
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FOR BotViewImage b= numberOflmageRows-2....0 DO
FOR BotViewlmage a= 0....numberOflmageColumns-1 DO
IF BotViewlmageColor(a,b+1)<= Threshold &&
BotViewlmageColor(a,b)> Threshold &&
ImageBoardYFind==
TEHN
ImageBoardY="b
ImageBoardYFind= 1
END IF
END FOR
END FOR

FOR p=0.... numberOflmageColumns- ImageBoardX -1 DO
Flag=0
FOR g=ImageBoardY.... 0 DO
Flag=0
IF BotViewlmageColor(p+ImageBoardX,q)<= Threshold
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THEN
FOR r=0.... numberOfMatrixRows-1 DO
ModelMatrix(ObjectBoardX+p,r,
ObjectBoardZ+q-ImageBoardY)= 0
END FOR
ELSE
FOR r= 1.... numberOfMatrixRows-1 DO
IF ModelMatrix(ObjectBoardX+p,r-1,
ObjectBoardZ+q-ImageBoardY)==0 &&
ModelMatrix(ObjectBoardX+p,r,
ObjectBoardZ+q-ImageBoardY)==1 &&
Flag==
THEN
Flag=1
ColorMatrix(ObjectBoardX-+p,r,ObjectBoardZ+q-Image
BoardY )= BotViewImageColor(p+ImageBoardX,q)
END IF
END FOR
END IF
END FOR
END FOR
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FOR FrontViewlmage a= 1....numberOflmageColumns-2 DO
FOR FrontViewlmage b= 0....numberOflmageRows-1 DO
IF FrontViewlmageColor(a-1,b)<= Threshold &&
FrontViewlmageColor(a,b)> Threshold &&
ImageBoardXFind==
TEHN
ImageBoardX= a
ImageBoardXFind= 1
END IF
END FOR
END FOR
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FOR FrontViewlmage b= 1....numberOflmageRows-2 DO
FOR FrontViewlmage a= 0....numberOflmageColumns-1 DO
IF FrontViewlmageColor(a,b-1)<= Threshold &&
FrontViewImageColor(a,b)> Threshold &&
ImageBoardYFind==
TEHN
ImageBoardY="b
ImageBoardYFind= 1
END IF
END FOR
END FOR

FOR ModelMatrix m= 1.... numberOfMatrixColumns-1 DO
FOR ModelMatrix n=0.... numberOfMatrixRows-1 DO
FOR ModelMatrix o= 0.... numberOfMatrixDepths-1 DO
IF ModelMatrix (m-lnj0)== 0 &&
ModelMatrix.(m,n,0)==-1 && ObjectBoardXFind==
TEHN
ObjectBoardX=m
ObjectBoardXFind='1
END IF
END FOR
END FOR
END FOR

FOR ModelMatrix n= 1.... numberOfMatrixRows-1 DO
FOR ModelMatrix m= 0.... numberOfMatrixColumns-1 DO
FOR ModelMatrix o= 0.... numberOfMatrixDepths-1 DO
IF ModelMatrix (m,n-1,0)== 0 &&
ModelMatrix (m,n,0)==1 && ObjectBoardYFind==
TEHN
ObjectBoardY=n
ObjectBoardYFind= 1
END IF
END FOR
END FOR
END FOR
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FOR p=0.... numberOflmageColumns- ImageBoardX -1 DO
Flag=0
FOR g=0.... numberOflmageRows- ImageBoardY -1 DO
Flag=0
IF FrontViewlmageColor(p+ImageBoardX,q+ImageBoardY)
<= Threshold
THEN
FOR r=0.... numberOfMatrixDepths-1 DO
ModelMatrix(ObjectBoard X-+p,ObjectBoardY+q,r)= 0
END FOR
ELSE
FOR r= numberOfMatrixDepths-2.... 0 DO
IF ModelMatrix(ObjectBoardX+p,ObjectBoardY+q,r+1)==
&&
ModelMatrix(ObjectBoard X+p,ObjectBoardY+q,r)==1
&&
Flag==
THEN
Flag=1
ColorMatrix(ObjectBoard X-+p,ObjectBoardY+q,r)
= FrontViewlmageColor(p+ImageBoardX,

q+ImageBoardY)
END IF
END FOR
END IF
END FOR
END FOR
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ETR T ”,"I\FTJ ) [19]

gluLookAt(0.0f, 0.0f, 100.0f, 0.0f, 0.0f, -100.0f, 0.0f, 100.0f, 0.0f);
glutlnitDisplayMode(GLUT DOUBLE | GLUT RGB | GLUT DEPTH);
glShadeModel(GL _ SMOOTH);
glEnable(GL POINT SMOOTH);

glHint(GL_POINT SMOOTH_HINT,GL NICEST);
glPointSize(1.5);

glRotatef(roty, 0.0, 1.0, 0.0);

glRotatef(rotx, 1.0, 0.0, 0.0);

glEnable(GL DEPTH_TEST);

glBegin(GL POINTYS);

glViewport(0, 0, w, h);

gluPerspective(130.0f, w/h, 10.0, 200.0);
glutReshapeFunc(OnSize);

glutDisplayFunc(OnDraw);

glutKeyboardFunc(OnKey);

s Bkl g DL RTRLER B IR - T2
‘Hﬁ“ﬁfj’g'JEﬁE A e FE RN ¢ R R 5
e PLTE I & RS I 1 5% ko 53— — B 5 T T IRORT
2 O e e i L el A Tk

PR AA TR SR JIUPSRY = R AT ERGRAS ) Ry Pl
[ 3D ARSI e o S TSR LR F KR ARSI 5 P i
i_m A FIL IH@#FﬁJ Mk%] b L TR S A
YRR 2 Sk i M I dpad e v[HPﬁZ[ﬁuww
PIIRRIR (8 A S S0 R PV RRL (W CYREY 3D AR
e AR MBS AR RS- > PR FRE L

48



BRSSO 2 eI o ) It5 1] 25 TRLGL ™ 158 v a~d >
w s SEER TR FIBEDE S~ pl s [ D0 R ST
PO TS A R THE 10 % - ISR IR
BRI RIS » PNIRRL= A =g - M
~ FETBbEY 3D EE R Rl RS

3.6 FIEH ERA

B =TRSO 55 0 £ B AR R oot - R e
SV ) BN Gy A A e PR R DR R R R
CI IR TR R SR RS~ e | PV A - =
IS o A DGR 3-3 L

3D AUk B R

uf
G

— WL FH P ﬁlﬁ}%%ﬁ{ﬂ%y 4. Ifx_-lﬁpﬁgﬁl%y/@ o

=

T R IR 2 AN SRR
R TS <

uf

Y B SN S AN R -

uf’

VP I [E R e S e =2 A RS il

o

NI P (R e S e R D RS el

uf
G

YA T ) S i P 7 -

49



51“_.[ Dulﬂ;‘ : FJ@%”EIJT

ST 24 F7] OpenGL #1113 1

IR R R ST < AR T [ g IR

l Ja:f’_él?j% B3

- IR TR TR e B o [ e D e st TQ%I%%J it

DFE N

LR

TP BT e Sl 0 [ P A S 7 -

i -

H:

i -

i -

i -

i -

fr-

& F PR SRR 3D BEOLiE - 9t
9L R

13T Elj”gii“@

f o IQjIEEIIJIE[[hTT‘%FI‘fEI' [/ o [g—&f}:ﬁﬁﬁ[ﬂ T2

50

S LAFTRTE e (S o [ o SR ] s

PP A R B R T P e

AP o R P P RS

LI A T S o e Ry S st

BRI AR e 0 = g P e o 5 s

gi jf/\ Lo,
(e vk

BT



?F'%‘ff’”%‘j/ ) EFH%‘]I% 3

\ 4

A

S o AR IS & LR

FiF e B SR

i | PSR

A

il el

TP

|

T

TR

|

[T

i

|

i

F]E] OpenGL %ﬁﬁ@;fgg
A e

[ 3-3 SR




M
3D BT

4.1 TP

B0 TR PSR e o RL Y S R P 3D A
B> IS IE DU T BSR4 ~ 575~ (S0 L Ry
PSR ATE R AT kLD ] 160%120 RSk R iR
SELRTCE > [0y = = SRR (SERL L phsT - K AMD 2800+
(1.99 GHz).V I U B > 512 MB DDRA00 2V SEHEPE!| * RADEON
9800 PRO 128 MB I/ & fiafff * FQ%F' én‘? Rl o

42 SRV 3D BEIE RS A
ﬁg\l4 1z I—l = ;[;\k I/ ﬁjﬁ'ﬂél%é .

el TR B

5 S

52




3

Jip)

i 4-1 = 5 Y i

53




ugll 4-2 g@gwg;;ua | OpenGL ’F,ifi ﬁ%}“ 13 = gl Flffﬁﬂ b5 %;E-@;qﬁaﬁ :

<= (\PROJEC T\wash\Debugiwash exe = APROJEC Tiwashi\Debugiwash exe

<= (\PROJEC T\wash\Debugiwash exe = APROJEC Tiwashi\Debugiwash exe

< QAPROJEC T'wash\Debugiwash exe &= OAPROJEC T\wash\Debughwash exe
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= QAPROJEC Twash\Debugiwash exe 4 & OAPROJEC Twash\Debugwash exe

&= QOAPROJECTWwash\Debugiwash exe 4 &= OAPROJEC T\wash\Debughwash exe
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ugll 4-4 g@gwg;;ua | OpenGL ’F,ifi ﬁ%}“ 13 = gl Flffﬁﬂ b5 %;E-@;qﬁaﬁ :

<= (\PROJEC T\wash\Debugiwash exe = APROJEC Tiwashi\Debugiwash exe

<= (\PROJEC T\wash\Debugiwash exe = APROJEC Tiwashi\Debugiwash exe

< QAPROJEC T'wash\Debugiwash exe &= OAPROJEC T\wash\Debughwash exe
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= QAPROJEC Twash\Debugiwash exe

& APROJEC Tiwash\Debugiwash exe

= APROJEC Tiwash\Debugwash exe

&= APROJEC T\wash\Debugiwash exe
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= QAPROJEC Twash\Debugiwash exe

= QAPROJEC Twash\Debugiwash exe 4 & OAPROJEC Twash\Debugwash exe

< QAPROJEC T'wash\Debugiwash exe &= OAPROJEC T\wash\Debughwash exe
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= APROJEC Tiwash\Debugwash exe & APROJEC Tiwash\Debugiwash exe

&= QOAPROJECTWwash\Debugiwash exe &= OAPROJEC T\wash\Debughwash exe
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ugll 4-8 ?@EW?;;UE'J OpenGL ’F,ifi ﬁ%“ 13 = gl Flfﬁfkl[ﬁ;’} %;E-@;qﬁaﬁ :

<= (\PROJEC T\wash\Debugiwash exe = APROJEC Tiwashi\Debugiwash exe

<= (\PROJEC T\wash\Debugiwash exe = APROJEC Tiwashi\Debugiwash exe

< QAPROJEC T'wash\Debugiwash exe &= OAPROJEC T\wash\Debughwash exe
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= QAPROJEC Twash\Debugiwash exe & OAPROJEC Twash\Debugwash exe

&= QOAPROJECTWwash\Debugiwash exe &= OAPROJEC T\wash\Debughwash exe
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