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Generation of Augmented Reality Images
with Virtualized Real Objects

Using View-dependent Texture and Geometry*

Yusuke Uno

Abstract

Recently, augmented reality (AR)-based applications are emerging and are en-
abling us to virtually arrange a real object such as a home appliance and a piece
of furniture. Such an application superimposes an image of a virtualized real
object, which is a virtual object imitating a real object, with appropriate pose
on a live video stream capturing the real space. One approach for generating
such an image of virtualized real object from an arbitrary viewpoint is to build a
three-dimensional (3D) CG model of the real object manually; e.g. , based on its
design drawing, which is usually a laborious task and requires special skills for
3D modeling. Another possible approach is to use a computer vision technique
called image based 3D reconstruction. This technique automatically builds a 3D
model from multiple view images of a real object. This approach is preferable to
the manual one, because it allows a user without the special skills to build a 3D
model of a real object. However, automatic 3D reconstruction techniques raise
a problem in the accuracy of 3D shape estimation, which leads such undesirable
effects as unsmooth surfaces and blurred textures. This results in visual arti-

facts in generated arbitrary viewpoint images and degrades their visual quality.

* Master’s Thesis, Department of Information Science, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-MT1151020, March 15, 2013.
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To overcome this problem, we propose a method that uses view-dependent tex-
ture mapping (VDTM) and geometry (VDG). Our method generates high-quality
arbitrary viewpoint images from a 3D model built by an image-based 3D recon-
struction technique and view images used for the 3D reconstruction. It firstly
modifies the 3D model using VDG and applies textures extracted from the view
images to the 3D model using VDTM. The modified 3D model reduces visual
artifacts caused by missing region of 3D model, especially around the contour of
the virtualized real object, and VDTM makes errors in 3D model less noticeable.
Since our VDG algorithm may induce excessive dilation of the 3D model, which
consequently results in applying textures containing background regions to the
3D model, we extract the regions of the real object in the real images as fore-
ground regions and use them as textures. To evaluate our method, we have built
a prototype AR system and applied our method to 3D model generated by an
existing multi-view stereo technique with manually extracted foreground regions.
Our experiments have successfully demonstrated that the proposed method im-
proves the visual quality of generated arbitrary viewpoint images compared with

baseline methods, i.e., a model-based and a VDTM-based methods.

Keywords:

Augmented reality, Virtualized real object, Free-viewpoint image generation,

View-dependent texture, View-dependent geometry
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22: CMPMVS [3]12 &Y DS2 Z W TAR L7 =RILET L

23: CMPMVS [3] 12 & 0 DS3 & IV CTER L7z ZSoeE 7L
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£ 22 ET—HEY NORBEFIEIBITDLERO/NNT A —X

DS1 DS2 DS3
BARRE YA A R U OERICHWS || 720x480 [Hi5E | 720480 MisE | 720x480 M3
BATE RGOV A X
PRI N D 7 4 VB A XK 3 3 3
JEBRALER D AR R 10 20 20

7% 3: DS1, DS2, DS3 2B & FEOT7 L —LL— |

Flk DS1 DS2 DS3
PERTFEL || 34.33fps | 37.36fps | 32.80fps
PERTIE2 || 8.80fps | 5.91fps | 3.03fps
EFE | 3.69fps | 1.44fps | 2.51fps

KU THERFIEL ERFIE2, MOMERFIEZ W TAR L7 B Bt REfGg 2
ZRENXK 27, K28, KO 2912787, DS3ITxF L CTREKRTIE 1, fERTIE2,
M ORREFEEZ MW TAR L7 B MR AT A2 2200 30, X131, KU 32
2. F£72, DS1, DS2, DS3IZBIT 6K FIEDT L—LL— F &R IITTRT.
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24: DS1 Z W 0E kR TiE 112 XK 2 Akt 3
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25: DS1 Z W 0E Sk Tk 2 12 XK 2 A plhs 3
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26: DS1 Z W TR E TEIC X D A RkE 5
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27: DS2 Z W= 0E kT 112 XK 2 A pkhs 3
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28: DS2 & W= 0E Sk Tk 2 12 XK 2 A plhs 3
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29: DS2 & W= E TEIC X D A RkkE 5
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30: DS3 & W= 0E ke T8 112 K D A s 3
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31: DS3 & W= 0E ke T8 212 K DA s 3

41



32: DS3 & W TR B TIEIC K DA R
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(a) TERTFiEL 2 (b) BRFIE

M 33: 77 AF ¥ & L CGERIRENLDEHR OV b v o ffil (DS2)

4.4 EE

PERFIEL T, 24T E91Z, Xy MR M OSTEOHFIZ, KkD
FOLIIR2OREENTND. ZOMEIE, R (3] D FEICBIT 5 =%kt
BT NOHEERRZE L TR OADOREFEZRRT 26D THD. K [3] OFIE
TIE, =AYy TE2EET 2 EAEZ AT CThH O REEBRICKE L, RYE#
PO LIMEICBIT 568253252 L CHAOBEZRET SH. DL X,
Xy FOTERALE LI ST A — & ORI L0 5 LT ERE DR AR OALE D
T TWBIEAIL, THRICAROGE TR LGN HE5EENE720THS.

PERTIE2 TIE, K251 T K51, BREEER T OBRALEDIRICKIIGT 5 -
B RS EANREIND T2, AMEEMRO AR O AN EERITHI I T
L. Linl, K258 0T, Xy MR LD ST ORGELHI THEERRZEC X D1
RINEL, A7 T4 o TOERBERGREOE FROGRmITICERIND. Th
X, 28D FEICEWTS, DS2DREE B (M19) & OHMENLHERTE S
E 91T, BT OIZENE L TWAD. T, X250 LB E FEICRBW
TIE, Xy bR SOOI IO KBIZ LY, AkDLy FA MLV ORIR
PDHBETE TRV, 2L, K31 oHEIZE N TS, B =BH OfflicEE
DREDPAEL TS, Fo, K280 EBHTRT X912, BORBBAMEIZENT,
ERREGICELT 2EH N FET S (R33(a) 2H) . ik, R(3),(7)Ick
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NT I 2AF v & L TRBIRSNDEBZENTI D FDLL7-DTHD.

FERFIETIE, M261RT L 51, ERFE2 LRI, R oAk
FEWRIZKHE T DRI S X ARRE SN D720, BT OARKO AR BRI
HHEINTWD. AT, K26°K 29 O FEIRT X 918, IRETIETITESS
FHEDOIERZERANARI L T\ 5. BEFIETIE %ﬁ@®ma%%ﬁbfw
57, RALIEWRLN ORI O B MR EHGAERA~OFIHZBF < Z E N TE
. Fiz, KEFEKICE L CHIREFETIIHSKRGE YA A B VI X 0 igEiE ik
RS D720, AiEHHIC X DRI OER & OMAELEIZ LY, REEE
ORI L EIRIC B R g2 HELAEE CTh S, LL, X 29 OO RRTIT
IZBWTHERTIE 2 LRRRIS, AP RERIZET 50N ET S (X 33(b)
ZH) .

B, RETIEOMBEE X, BgT —X %y MNIE TR D EgREI kT Lz
R L leoTe. ZHUE, T AT v OFPFULERIZ B W TR RN 5 728
Thb.
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5. REFZEDT T 75— a il

REFIEOT 7Y r—a b LT, BUETIERDN T SUEBEEDORRNZT
Hvh. AAREHICIE, Z<OYEEENMFEL TS, LrL, Zhbok
EETIE, YHEOEEZZOEFEHEL TWD L0, BUOEER EN YO
TEBGTHZ LT L. o), T, SUEEED AR I X D3RR
HIVTWD [32]. SULEPEITYRFOR T2 FE L AR D FET 25608356 0,
DX A, BAIOEGR) DIRETFIEL L o T ORI 2 A LEY R L L
TEREICARTED. ZATRY, BULEITERE L2 THE L2 SUbiE
DUBEORETZ D ENTE S,

X 34 1%, HRBROEKFIZBWTARICE 2 HEOEILEIT - =G OHIT
HD. WRIFITIE, YBREORBEZE T LI-BEBNFAE L, 2 OB Z R L7z
Br—2ty b ANE LTRETFIEZ AW, 2720, LEDERONLES
DREIIFETITo 7.
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34: MEFIEIZ LD RO EED]
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6. F&EH

AWFZETIZ AR TOISHEZREL, HAKET 7 AF v« PF A FVICK DK
LI RO B LR EE L TOmEAROEEFIELRE L. #REFIETIE,
B AN - C = ROeE T /UZBIT st in T 2 A IR ST 5 Z LT
L0, BROKBOEEZEKIE WD, 61, 77AF v ELTHNLR
5 BE ORISR Z FRNCHH U, #AKFET 7 2F v I L RS iz o
AT O 2 AV D 2 & C, Bl ARG L CoREREZEET 5. =#EF
EIE, BUERSFE SN TV S kel c FIESE CHEAER S NIcREZL G =
ROCET b @A 7e B B A E B A ERFTRRICT 20 THY, ARD=a v
Ty & LTHIM S D FE2miR o B ARG AR R D AR =2 2 S 2RI 5
LT, ARDOFEFHAOEEIZRKRNCERT HEEZ2D.

FERTI, FERE TR EEDIR DGR AT O ILIRBLERK S AT A& L,
FTNANR=A RV ZY TS FE, RORBEKGFET 7 AF v ICES<F
ELRBFELLET 22 LT, REFECI2HREEGICEERAOEE, K&
O RAE & RIBFEIROBENARETH D Z & 2R Liz. 72721, RETFEIL
RIS CCT 7 AT X 2V EZ DT, AR LT HBEEREB®RTICT 7 AT ¥
ORERENE Uz, £, 1RRFEONEEE 1 XERFH TORMANRHED AR 7
TV r—varEEBETLHERT R E ST

SHOMELE LT, 77 AF v DIFLNREI0 b OEFC, JRAEICE
F2RT A= K, RKAEEEOEY R EFTEORFBFET b5, £72, GPU
IZE DO EHIEEIT . S 51T, Cosegmentation [33] Z Fif sl HALER 2 56 H
T5ZET, HREERICKT 5 RRT s A2 X D .
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HEE

KR Z MWD HIZHT- 0, F ORIV THIR) R T, HHEEA TH
TERIEHRA T 4 TIFEE BER B BT X VSV LES. 2L T, K
WIROBATIZHT- Y, A2 E, MEEZ BN A V2T T 4T AT 4T
FREHEAITTE R T BURIELSELE L EFET. S 51T, Ao iR
LT, MBEKENWEFEEL L CTHWIZAERIERA T ¢ 7THFIEE i 2
WP RS EHH L BT 9. F72, BFRICB L CHIRER BN S 2 TAW - 1R
THWAT ¢ TWHRE W& iz B e i &K BIEICEEHLE L EiFEd
72, WRETOAFEE L Z TOEEWEERIER AT « THIZEE 148 HE &
RICLEVESH - LET. EBRT—XONEICH NI LT TEESo7, HRKFO
FRIZERSEHF L B ET. 612, HEEIZT T < B2 OATFIZHB W T
HREBMEEZ RS TG RA T ¢ THFIEEOERRICTIR B W2 LET. &
#IZ, MERAZII LD, O FHORFEATRIZD D0 2 72T T O T 2 ITkH
DEZEZRLET.
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