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A 3D Reconstruction Method
Using Foreground Extraction Interface
for an AR Diorama System

Arsusar UMAKATSU, T ToMoniro MasniTa, 112
KryosHr Kryokawah2 and HARUO TAKEMURA 12

Recently, augmented reality (AR) technologies, which overlay computer gen-
erated information onto the real world, have been widespread. We have previ-
ously proposed AR Diorama System that can construct AR contents by using
a handheld camera and stroke input, which enable the user author behaviors.
However, there were problems in virtual object creation and object behavior
authoring due to the low precision of the 3D reconstruction. In this study, we

consider to employ a better 3D reconstruction method to improve AR Diorama
System. Our approach is based on real-time region segmentation and silhou-
ette carving. Region segmentation uses color information of the real object of
concern so that the new system does not require texture information unlike a
feature point tracking based approach used in the previous system. A user first
draw a stroke on screen to specify a real object to reconstruct, then its silhou-
ette is automatically extracted and tracked in real-time by using a graph cut
algorithm. A 3D model of the real object is gradually reconstructed on-the-fly
by using silhouette and camera pose data associated with multiple keyframes.
Experimental results show that our method can reconstruct better 3D models
in terms of precision compared to the previous system regardless of texture
information, though a camera must be moved around the object carefully to
acquire a good result.
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Fig.1 Authoring the scene using stroke for conventional AR Diorama®)

(a)Designation (b)Authoring behaviors (c)(d)Translation
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RENTVE, ARINRFIA—FEWETEE S 2—N, vIRAZHOELI—FA VY5
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Fig.2 AR Diorama structure
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Fig.3 Reconstruction module structure
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774y bTid, 22X A2 (1) 0L)IERT 3.
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P67 %, source (S) 7l sink (T) 206/ —FiZ2h»P5 Ty P% t-link &P, %
J=F%25 Ly P& nlink LS, 777Dy YDAR ML, R1ICHRET 2.
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Ry = —InPr(I,|0) (3)

Ry = — InPr(l,|B) (4)

B(p,a) = exp (=8I, — 1)") - groe—s ()

K=1+ max B(p, q) (6)
g€EN(p)
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Z 7y aryDFWEBP»r5 EEZ, Histseed DAZE2 %, Pr(I,|0), Pr(I,|B) & seed
DA DHZFED t-link (sink, source ICEMNB Ly Y) ICHRETAVR LT EDOLETH 5.
dist(p,q) \$MIFE p, ¢ DL—27 Vv FHH2HV2,
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A—Er 7 LR Z LT, RIRMICERI N R 7 2IVERMEIGT R E 2RIk E T
Ve s, EED SCM OIENEIZE (7) 1269,
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W () GHFREERSRD & A 2 F RO E 2 BIRT 2. f() IFEBICT_VENLS. f(O)
&%fl f(B) %510 %KY, £/ SCM TlE—ER7 L z2Hl%E, ZORTLILIZ
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WEDTI—IZXkBHID TEZRHC, ZDESOMEARIZR (8) 12669,
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RES AT LTI, WEANESNIEE 22, 22T, BEOEZ - L2 ALY FILL,
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ERYEVIALY FD2DODALY R, 2—F AL v ¥573arvEPda—)LE1D2DA
Ly B, IBIREIGEY 2 — L ZRSHEAL Y FERY 2 =L F =5 HERAL Y FD2O0D
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AT, HOMELRSEHEZITHIICHD, PTAM 2FH L7, 98381013, AR
NTw354 7598 2HH L 7.
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SNTFERE S AT AICANT B Z T, Inclusion brush & Exclusion brush ®¥ )z,
SCM DAY — b7 EREHL 7.
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77 7hy VEBEHTEOICE, 2—FICXZHRIBEE T I 7ETVBHEE LS,
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H{ROBFEDOREEE & BE TV EZACTERIND, BETNVIIEEEZ L EBTE L,
A% TIE Gaussian Mixture Model(GMM) 19 1224 Ti3d#h %, GMM OH#EEIC X EM 7
LY R 2GS,
o EFNICH DL Yy YR
AWFFETIZ, F1ICHEABZYy PR MECMM D87 A= ZH0T, X (9 —(10)
LEFET S,

Pr(ly|) =Y cipi(lplp,, 32) (9)
Pyl ) = s e (—5 U — w7 (U = ) (10)

t-link & n-link DFIDEAREA=0.05 £ T 5. ADBKETE L L t-link DEENKE
(7D, BFROFENRETESL, AIVNITES L n-link DFENIRECED, B
PFZEOMIEEOEENRETESL, ZNFNOEEBHTERVWL I I, HWYRE2
AT L TEEL ., R (9 KBIZEEFVOER o IO L BT TFILIC—H
KEAEEHZ D,
e Dynamic segmentation
Dynamic segmentation DBENETIE, HiREE~T I 7Hy F2EHT 5D TIER
{, HiFEZDRUDADE 7k LTfT) & L crmdfbzXs, £ (16) —
17 #Hwz e, LECEA%ZDT2 (X (11) - (14)).
Ry = —InPr(O|l,) (11)
Ry, = —InPr(B|Ip) (12)
Pr(0O|1,) = Pr(O) Pr(1,|0) (13)
Pr(B|I,) = Pr(B) Pr(I,| B) (14)
— PHEEZS
PEEEAHC X RS AAER T, BRSO d 2 05 26 1ITIER LT 5,
ERULZAT ) B, ERICE T 2 BRMEE (U (15)) % BEEEA Humifkic
WAL, gt (R (16) - (17) 2T 5

Vol.2011-CVIM-177 No.21

2011/5/19
1 T — [
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(e s2) (13
dore lfd orezdac
Pr(0) =4’ ! pack (16)
1 — dpacr.  Otherwise
Pr(B) =1-Pr(0) (17)

5.3.2 RYa—LF—5ERK

SCM 2T T 57D, A—EV I Z{THIUMDA A7 OHCMELRS LIRS LTy
FREICIR S, F—T7 L —241%, #HEIND Dynamic segmentation DEITTH NI HE
KD I NS, =70 —2DAX7OHCMERSR LTS VI Y F2HwTA—E
YIURIT). A—EVZITE PTAM OHftE#Eb Gz 8) 2Hw2. K (8) @57
A =% nlE, EBRICEFEERZIT >R » S n=8 IZFE L 7.

5.3.3 WRERTT—TER

RV a—LTF—=F %Y =72 AL V¥ Y V7 D1D2TH?% Marching Cubes % (MC %)
ZHOTRETVIRT — 21295, MCEETHEK LAy v afEM IZNLT, 77AF v %
Ehor32ET, GREEOHZEILEFNVEERTSZ, 22 TAY S am(me M) 1T
LT, EOWMDPSERINT 7 AF vt (t€T) 2Mi0 T 200 R#EICkS, Xy
Pam 3T 7 AF vt #3 (18) DOIRET S, Ny BA YT am DERRT b, v,
EARXTONERT PV, vy, BA YT am ORERT bV, SE,m) ZAXAySamEzT 7
AT vt LNERGE L E T 5.

max S(t,m) if ny, - (Ve —vm) >0

m(t) = (18)
no texture otherwise

6. Ep1F R BR

AffiTiE, b HiCHE L ZWHRETEY 2 — VOBEIEERBICE L TihR 2, BifEsEic
3.40GHz Intel Core i7-2600CPU, nVidia GeForce GTX 460, 8GB X €Y Z i L 7.
W& ¥ v 7'F v 121Z PointGrey Flea3, MR 648x480 ICilify 84.9x68.9° @ 3.5mm L v
AaBEELT.

BRI BT % FATRT 2 & 2 ISR T, ZRITRELIC B 2 WFRIR 1349 0.8 BT H
%, 2L, HICHBAL LI, wIVF ALy FUMH AT DT, =KL 2T
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Table 2 Timing results for each stage of our approach

SRS JAPERE [sec]
TS O Rt LB 0.0124
HisgtotEFLVES  0.0325
HROMETIVEH  0.0083

777Av b 0.0133
SCM 0.07405
MC # 0.315

A%<, EiE SR 10 BIRRE-CEIfE L, TMRETTIZER 5 RIRRECEEL TW» 3
DR 7 —2 T, Bi7 L — 2 OIS EIRERION S5 7 ~VEDIRY, BEMiZR
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Fig.5 3D reconstruction (top)From left, tracking, color image, foreground designation, segmentation

result (middle)Left:Inclusion brush, Right:Exclusion brush (bottom)Left:paper craft palace,
Right:apple
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Fig.6 The reconstruction result of a Rubic’s cube (a)Input image (b)Original method (c)our
approach
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