o35+
A Image-based 3-D Shape Reconstruction using Pyramidal Volume Intersection
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ABSTRACT

The image-based 3D modeling is the technique of generating a 3D graphic model from images acquired using cameras. It is being
researched as an alternative technique for the expensive 3D scanner. In this paper, I propose the image-based 3D modeling system using
calibrated camera. The proposed algorithm for rendering 3D model is consisted of three steps, camera calibration, 3D shape reconstruction and
3D surface generation step. In the camera calibration step, I estimate the camera matrix for the image aquisition camera. In the 3D shape
reconstruction step, I calculate 3D volume data from silhouette using pyramidal volume intersection. In the 3D surface generation step, the
reconstructed volume data is converted to 3D mesh surface. As shown the result, I generated relatively accurate 3D model.
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Fig. 1. Block diagram of the image-based 3D
modeling system.
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Fig. 5. Construction of voxels in real space.

xi,j.kﬂ xi+1,j.k+l

ijok i,k
D, Gl X

ij+14+1 Xi+1,/+1,k+1

Vi,j,k

i+, 41k

Xtk

ik ik )
(u0 mm’v0 min

ik ik
(u9 max> Vg _max

a8 6. R4o Yoz BY
Fig. 6. Projection of voxel to image plane.

422320 = 7|k B A 22} 7)Y

4 27 71 AE $28 FEA717) Hetd I
o= 7| 54 22 7|98 At E}. A+ HA 27}
7IME 29 73 Zol BA v E AT A 4L T
TZE g5t 4 = iﬂ"“°ﬂ A 5 27 7)
R ﬂﬂ} Tetu= 3] ddolA gEAl Ba
€ I 39 Ao M= 2 il 27
L t%*ﬂ I5HA 858 243 49w
AN AF A& FoIR FAel At sk # Dol
A 27eh7] Mol AE £ 28 PN S 9

Al AU = )k B4 27 e g eMEE
2983 2o 4 A7 93933 B e g 9
gl Fx2 271389 £-4.& “ambiguous” 7t
< TIEta HAH dETH Hae gpdz B4 27
TR doje #del A “ambiguous” S 7}

o thel B4 227 e Hgah 4 27t

R
o>

© JPE
_IZi M2 plo
o o

O

.3,1>d

=
B2

HE
e

level 41 @ @ Voxel carving on level/
: @ Propagation carving info.
to level /-1

_ W, : scale matrix on Jevel /
Tevel § !

==3€
level 1
voxe} amay
3% 7. "ok mato|e J)gt BF uA 7)gel Es
Fig. 7. Concept of proposed pyramid-based volume

intersection.
19

sil

vV,

2% 8 melole J[H 8§ mAP|Hol tfdt SEE
Fig. 8. Flow chart of pyramid based volume
intersection.

e CEERL EENEEERLELER R EE

g w7 BE SR

4221 S| = T2 44
U AFAN GPoll e Aehu= FxE e 2
o 44 AL,

131



FZ FAREAE 8] =22 A10E A3

1 1
Ly(u,v)=Y Y Ly (Qu+m,22v+n)

oS (13)
Ly(u,v) = I} (u,v) (14)
ot wEe A2 GFo g A (14)9 2ol 273}

Hoi 491 AL B9l A ge) o2 FHEL ¢
WA Gl S| s aE el Auel A 49l A
2 2oz w2 WF) ge AU L ERANE G
o ke A9 AU AR ol etul= Y HolA
24 22718 e A4 Wl - 9% B0 A S A
9 ARE 4487 Gal Mol

4222 vlgtu| = g do A o] B 227y
Z S| = gl o] BA 27 719 e =4 9}
ol = F2ha} g2 gjeu| = el A o) ol Tt [ A

N9 Bag VM a 29 g B mAg 2
E= ohg 2ol vehd £ glrk

2 K . (15)

wa V4 o 2ag gopge setis [ duzel
e 8¢ 2 wHsn o oz yerac

It
of)

S4/*+! = Projection (Vi’j’k’lag) (16)

S5 =| V| s sl andhi vl

ng‘"’k” =x

L

¥ o] 712 87)9 BT B 39
7y A4S 9o e g4 FE ATS YeHth 67)

ij.k] ijkJ ij.kl NN ¥
A, Ug mm,v0 min ua max v0 maxl*—eoﬂ)\]’/] __L]F',]—

EEEEREEE PREEEPECDPRE 2
vpehy e The-3) o] Aol Hh,

132

mm M WBX/¥ e=iji+], f=j,j+] g‘k’kﬂ} an
téfﬁif“)"‘%“! WRXS™ omiiv], =)+, g=hk+] a8
\{;f{,,,—m{w] WBX/¥ e=iji+] f=j,j+] g=ksk+]} (19)
W = —‘QaH WX e=iit], f=j,j+] g=kk+] 0)

714 W, 2 slatu)= ool A o) 24 $P g
Ehich.

27} ol el B 27} Bge s FAoZ Ao
0] “outside™= 2)9] Gl thal S&”* wel 27} 91
= 7%, “inside™= BE Qoll thaj S5 o] B2 2
A 5= 74, “ambiguous”™ = “outside”} “inside” 7} 0}1;1_

oz S o) 247} AAYE A 92 ov|Foh

outside  if Zz,(u,v)=0 foram@
(e
Wi j kD)=insdie if Z l’,,(u,v): 22' Sforalld
)™ [ Ted
ambiguous otherwise 20

EEIERIoEEE EYGEEE EEEERESE:
BE 3 AW Askshe ol el ARl
439 Dol 4 “ambiguous™@ Hlo) chaf A Do 3
A& uLE Z=g st} C

=
7hA 2 9lch A A 3x 4 RS HE @92 X EMOP
9 A EE ALY 28R FE2E
744 4 itk B4 G999 dHolHE A4 08% 22
o= Ay o2 HFH ZLEHJ—‘lﬁ"ﬂH AH8-H & vl

A #8 gngF' Mg ygagct B 7oy 7
B dndFe 4 289 AANTE g_ 2 7437
o5te} 21w Al o) T M)A e AW E A}g3it) upy F



sigo)s $g WATEE ol §F 3710 34

dz
ot

34 29

B3 FHH 02 AT A2 e F A7)
2 A3 180 1Y ALAANE 1T
2 g@Ael BA o)A mHE ANGT ERo] A §
WAE SO ST B¢ BAHY AL ATAY YR
E 9ol 925 Bek. T yio] g B
ARl E 1% 230 AP E 0 FFRIHE
Rel AN A4

51
N
{topology) & AAE 4 qlth.

A Yol AH&-% CCD 7}vil 2k JAICV-53300 ©] 7 85
B GAre) 37)E 640X4802) 240 E 72} JArojr). 7
o]

<

=)

2t )%= Visual C++ 6.0A1 &5t 00 344 t] A Z 4
€ 913} OpenGL'" & A 3ich T8 AFE AbS
At IV ZZ A4 2.0 GHzo| .
&

4Pl ST A3HY YL BY 2AYL 53R
yELPEEERETEREE P BEREEE

0

[o]

w s
Fich 28 94 B E 9% F Q¥E erielth

¥ 9.
Fig. 9. Input

images

Yoz 7)et B 22470 9 Asg Hrtelr] 9) s
A A oA 9] 3314 Bl F7HS 64X 64X 64, 128X 128
X 128,256 X256 X2562] H|7}A] 9] &4 = 2 Lhyo] A%
gk Ak watule y)uk B 2271 ) ] Az

Aol A %S B71a7] Slskel A9 e dg WA sl
A2 Az vkt & 1A A8 gl et 7
A= el oA BE RATPo) hE 22
N7+ ERRRITH 64 X 64 X 64 3} 4 ol A = A2k 7 2}
m|= 7)uk B4 274y o] sjetn| = T 2E AHg-elA]
2 71E g o) 184 M &5/ e, 128X
128 X 128 sj A = o A= 3.18l, 256 X256 X256 A=)
AE 65ue) Aol SE7} S3E S ¢ 5 Uk & B
Bl R =S} 25 A Fepul= S BF
2RA7E Y T3 E7HE FA% 5 Aok 17 109
A E 1ol g3 2z Yehyglen 3 st 2
F2 22 71717 AR E ¢ 5 ok a9 112 128X
128 X128 S Eol A o] Hhn) = o d B9 2t g4
2 B4 B9 2 Uehhich Aol = 4 Aol A o

SQl @] BUH D 9] AZ B BHL Wy

4% 495 B2 $AY 5 ATk 2 25 59 34
of o 3709 A7 12 % B9 S vhA F2 dnalZol

oz HE 2RE RAFE

kK

1. 2+ s atoll cHEh = A9 ellgofa el X2 Azt
")l F
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