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A Voxel-Independent Reconstruction Method of Object Shape

and

Its Reflection Property under Unknown Lighting Condition

MASAAKI IiYAMA,# HIROFUMI AOKI,t* YOSHINARI KAMEDAft
and MICHIHIKO MINOH f#t

‘We present a new approach to reconstruct 3D object shape and reflection property in real
space under unknown lighting condition. In our approach, the calculation of reconstruction is
done independently at each voxel. Reconstructed reflection property represents both diffuse
reflection and specular reflection at each surface voxel. Based on Torrance-Sparrow reflection
model, we propose an improved reflection model suitable to the voxel-independent reconstruc-
tion. Reconstruction process consists of 3 steps. First the surface voxels are extracted. Then
surface normal at each surface voxel is calculated. Finally, its reflection property is estimated.
Experimental results show the validity of our method.
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normal on the surface of Existence Shadow Space.

Eig_ LR R OANBITZ B0, Zh
R 7 B AMSEREHETHS.

ZIZTCRERNI BV THD LHEINIZART BMIZ
DNTDH, DABIZIRAR D ERHEE L /37 X — &
ExEITH. F£iz, RERIZBALTROEHESNTZR
7EADI L, (1) OFRMGERMIZSBRVRT EALEZE
RI IV, (1) ORETREZTH (i) OFRMEERZ S
RVWRT AL EREBERY IV LIRS,

4.2 RERI EILOERETE

AIEIOMIIZ LV BN =RER 7 BRI L, %
DERER Y R NVSLRHRIC LV HET 2.

PRTEAZZEVEIT X o THHER SN 2 WIRTETE AR
22, FEB T 05RO BN D YIRTEIE R EZE M
DETHDZ b, MRTFEEREMORE Lo

RIL, &0 A F128T 2 WITFEIE R REZEH D W FHas
@iﬁ;Zf b, Thebb, YIEFETREREZ
MOREOERERD D ZLIX, HEIATITBIT Y
BIFIERTREZEH O WO REDOERERD D 2 &
LEMETH .

RER7 BV Y OEB~OBREGIL, LTHEE
HER R, OWMEEETe. TAT C BT 29kE
ETm:ﬁ@&ﬁ@l4@iog,¥@L;,%w&
EHEBOmE Lo RIZRIT 5 Rtk L LTRES
n,%ﬂamm®%%u§ﬁ&%ﬁﬁﬁﬂpimio
TRIND. £ZT, £7V OEG~DOREBZIZIEN
TR OIERD TR n'™8,(V) KD 5. KiT
TREE I, IRAT Ci OV ARLNL Y
NAPDNRY MVICERBERNRY MVERD, ThEV
DER n: (V) £ 75,

RERZ BV Y BDEEOH A TIZRBT 5 WEGFE

AREZEHOREICB T %A, ZTNEICB VTR
oY M n (V) OFHELBZETY Ok

REVEIREREE COMETR & AR DR 7 = VIS 22 FEAE AR R 3189

Wn(V) &35,

C OHEERHEIIEBR L I A T OBRBEERITIIO
BINDITZ BT, MORZ BA~DBRITM S ME
2V, XoT, AT BAEITMSLAEEIC K 0 B
EEITHZENTE S,

4.3 BIRSA—LSDHTE

K6 ODRIETIMREZIE, FRERZ LV X6
RG A—F 1, T8 [P 2 Ene—3E D .
BEHIAT CL,...,Ca OBV ZBHILTNA A
TERRBEL, ANRTA—FEZTNLDOHIATIZLDK
OB L > THROENDIE L BAMEE AW TKR
5 FIEIZDNTERD.

4.3.1 #HABOES

VIIRTOIAFICE-THBH SN S LIZRS A
Wiz, TV EBHILTWAI AT EZRDODLE
DD, RFEETIE, VOPLEZEYIERSZ b

n(V) EOFEICK L, n(V) OEFHOMIC
FETHIHIATEYV OBATERIAS LEEDD. B
T, BURITTEED A T8 % n°® & L, BRIATEED AT
% Ci(1<ix <n, 1 <k<n™) LET.

Wiz, BRITRES AT C;) ICBIT3HEBLETYIC
ﬂﬁf%tﬁtw@ﬁ%,V®ﬁME1mfthﬁ
AT Ci WL DREEOBHIMEE L<THS. Bl
I, 1%, YV OBRBBIIE ENDHEEEELR R, o
7R MEEEETHZ ETRDD.

4.3.2 FEROBRAENMSDBNTA—F2HTE

RO LTEBoTENRT A —F EHET B 72D
BIE I, 2B ERTE - H SRR ERT
BHICRTHIMNENRDD. ZDHIZ, 3.2 filc
- SEER OFRmME & IPC IThr1DREE ©
EicERT 5.

K T7TIEBNT, BREIBROME e; PAFIOER
FEMU ERESERDIGE, o(n,ls,e;) > 005
E~0&2%. 2%0, HBHBHFREI AT O, 1T
DNT e, ~ U, BV DL &, MOBRIFEEL 2
FTIXE=0%8tA7285. Thbb, bORERY
BV IEH LT, I T s OSH KN 285 LS
LBHTFEED A F1L, Bx— D2 ThHHLIRETHI &
NT&ED. Z0LE, BEXNEBRTINATE2E
ERSERE D A 5 &S,

BRI OIEBORTE L SRR TEA~ DS, B
DOBRITFRES A 7 0> LEEHERKNBRIAN A T 2 RET D
Z ko TIThs.

4.3.3 HERHEHBH A SDRE

n°® > 2 DFE, BONTBEEOBHEIE, VO
BRT A =X OHEEITH. AFEICBOTIE, HBE



CE2us:

SRR IS AL 2D 2 & D, BBLHIE
I;, OoFT, K& ZEH L-BRIEE R BIRIFTRED
AT EGEEIABRA AT THDEE2D.
T3, FERIAICR LT, thoBRIGEOFEE#ED
DFEd;, ERRLVRDS.
dik_Iik_ﬁéI"j (8)
J
Wiz d;, D R,G,B &G DA RS, Tk
HoT, Bl I;, ORBOFEME (I;,) LT 2.
ETOBRNTRES AT Cyy 1Tkt L b(1;,) DIEZEK
D, TORTHEKREEEZD ix & ispec EBL. Cipos
DR b(T,,,..) H—TEDRE 5% 22T &
&, Ciypeo EHHEFURHBIIA A Z LEDD. Fiz, Sl
Bt ERIEL TV D AN EFET 2R E Ly TR
BB, MR ENROEEA, e =1
DFE, VIEHMKFEORERFO D E L, TR

3190

Ht e 2ENEOFEETRT.
i 1 nobs
Iugzme:hk 9)
k=1
I =0 (10)

ZO X IR HNADHRERFOR T L E, Bf
RIBIVERES, iUkt U, B 6 & Sk
BOW I OEaIRT A—F EFFORI L2 EBRI
JL LIRS,

4.3.4 HERKIELDBNSA—2#TE

V B3EER T BV THDLHE, 4.3.2 #Hi0@ERN» b,
Cipoc MMDBRITFTRES 2 7 TIX, HIR Ls 225 DR
EEHEETBER SN2, ool &, FRECET
RS OFEMEN D, FIR L 1%, WikkRE» S R T8
BIJ7 1 O IERE F 18 OB S THEET B

Z 2T, MR L, R E BRI ROERS T
FRIT B2 80k, RZBLVITRHTIZAREDS
B OHEEME [, ZRARE AV TRD 5.

ls=2(n"€ipo)N — €irper (11)
L, &7 M n, e, L 13BN PAT
»5.

SETH B 2 T LIS OBBITTEED X F1281F 5
BRIEIIISEH R EIIE ENRNZ LD, JEHUX
Fea 19 2RI kDB,

> 1, (12)
ik: #ispec

t72, AFEFmER 1L ICE o TRDBZ LT
D, ¢(n,ls,€i,,.) =015 (H3). IoT, X7
X,

diff 1
I T pobs _ 1

FRMICHE

Dec. 2001

1

Elsv ispec) — T 7 -\
(F, €inpec) cos (M, €iqpec)

(13)

L.

Lo T, K6 BLOK 8 D, SEmEXE A 1°Pe°
Rk vk ons.

IP°° = (Ijspec — IU%) cos h(m, esspec)

= dsspec cOs (N, €spec) (14)

DL EDORI IR THE R BABIMSITHY, o
AT BNLTOREERERITKE L. LoT, KET
AR ORI, K7 BAMIMIZITZS.

5 REREEE

AR CHREUEFBRIEIC L - T, EBRIOLRERSE
DRETH B EZEENTB O THBIEIR & K%
T 2 EREITo 2. 7 5.1 HiCERNE L ER
MERERL, RIC52ETEREZITY

51 =% 53

FEBRREL L0, REERZEO—0 AV, #
BEICKT MR RE I AT VLAT U FER 51
R

PR SMIR L LT, JEROH D=1 ]DHF
WA=V (B 22.5cm) % L2 HEOEREI%
Y. MR OKE X132 0.6(z) % 0.6(y) x 0.6(2)[m]
THY, N7 EAO—LOE XL 0.005[m], BRI &
JVEE 120 x 120 x 120 = 1,728, 000[voxel] T 5.
FHEBDOKE X103 640 x 480[pixel] THY, £ %
T R,G,B ZHERIZONWT 0 55 255 F TOAEIR
0. £, KEEEE o0 = 0.5, 6% =50 & L7-.

8BDH AT (a)~ (h) ITk»> THk%EIRE L-HE
BER 61T, ZhHDANERICR L, AFIE
ZEA LTz, BB R EZRA L1 v
YEYL T LT ER T ORT. () HEER SR
ERROBEFRTLIEbOTHS. (i),(iil) 112h 2
n, #RA7 (e),(f) &A—DEATOEMBEER LT
HLOTHD. (iv) X (i) LR CHAPLOERTH 5
B, EBKNBDHRE LV Z Y T LTk %R LT
W5, (v) BB (vili) 1T TiE, EBIZEH AT

A< U
@ ®» ©
= o
O © 0
&

5 AAFVATU L
Fig.5 Camera layout.



Vol. 42 No. 12

RAVEIREREE COMETER & K FIED R 7 £ VIS TR AR

3191

& 1 2R7ELOFE

Table 1 Statistics of all reconstructed voxels.

R vAOFER A7 ' | JERRER] [usec] | #ALERIFR] [sec]
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R 2L (n°P =1) 26 68.2692 0.0018
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BeaR 7 EL (n°P > 2) 5372 86.4092 0.4642
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