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Depth Perception by Motion Parallax in Mixed-Reality Mirror World

[ZH1TH

Hideaki Satoh""?, Itaru Kitahara™ and Yuichi Ohta"

Abstract — This paper introduces a method to merge real and virtual worlds in a mirror, and
experiments to evaluate depth perception by motion parallax in the mirror world. Recently, the
functions of a real mirror are enhanced by Mixed-Reality technique. In order to merge real and
virtual worlds, conventional systems use a video monitor and a video camera as a metaphor of
mirror. Therefore, it is difficult for them to reproduce motion parallax of a real mirror in
Mixed-Reality world. Our method can reproduce motion parallax of a real mirror in
Mixed-Reality world. A user can understand 3D position of mirror images with our method.
Motion parallax is well known as one of the important stimuli to understand the depth
information of the observing 3D object. However, the depth perception of motion parallax in the
front-back reversal space as a real mirror world has not been clarified. The results of our
subjective evaluations reveal that the motion parallax improves our depth perception, even in

Mixed-Reality mirror world.
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Fig. | Mixed-Reality mirror world
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Fig. 2 Merging real and virtual mirror worlds
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mirror worlds
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Fig. 4 Rendering the virtual mirror world
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Fig. 6  Our system's timing diagram
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Fig. 7 Experimental environment (Real mirror)
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Fig. 8 Motion parallax in the real mirror world
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BERFOESHREDR, AIEBEROEEBREEICERL
TWAZ LN RSN,
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ER-LR-KE: HFEEAVEREEHK[UEGBEFOESRTICE T HEHRE LATRBRICEFEOCBROFE
K 2 ERBROVHELAIEOHD t REDRHER HEIL
PITREREE. XIG0H5 t RENPDEEHRELFE L
T3, BIEBROBIBREERF AICRVIENDD.
Table 2 Average and result of t-test

ENDIL K
¥ C oM | EBHEEE [mm] | EEHEEEmm] | PHE
[mm]
77.476 170.004
800 (51.488) (125.365) 0.014
71.820 174.372
1000 (60.197) (122.451) 0.001
76.381 210.999
1200 (57.439) (155.098) 0.013

# 3 EHRIORRDWERE FBR - ERE RO VHE

Table 3 Average and result of t-test without a,g,i,k users

SEM I F .
FCOEM | EEREE mm | 2D |
[mm]
[mm]
66.126 132.715
800 (17.689) (52.019) 0.029
78.079 171.913
1000 (46.681) (81.639) 0.029
94.470 219.892
1200 (28.911) (130.857) 0.072

5 MR ZMIZET5BE0EEIRESL
BB R DI E DR

AEITIL, MR ZUEEIRR IR EB R 2 A AT
BISROIERIEE I 52 DR B %, ATHI RO
TEHE S 2EBRIZ OV TR RS,

5.1 RERIRIE

12 ICEREBELTYT. M HKREREIOKRES, 5
EEBN D REHI TR, MF RS LEEE TO BT ERIC
BB TCEEFMETHLAL, AiEEFFETHD.

AEBRIZEITH MR BB O A RRIRRIL, Intel Xeon
Duo (3GHz)D7atzy¥t 4GB DAEY, EF 4 H—F
(nVidia Quadro FX1700) Z¥# L -5t E#IZL>TIT
9. 328 THRAZINNT, KL AT LORIBEBZ DR
BIEIX R K 46.77[msec] THDH. TAAT VAL, T —
THBEE=F (PN-455R) 2B X R EB CTHWS. =
DT AARAT L ADEEDORESIL 45 B (985.9[mm] x
554.6 [mm]) THY, FE T 1920 [EFE]x1080 [EE]
ThHdH. N—T7I7—DOREZIIHE 1200[mm] X 1 :
900[mm] THYVFEBEIX 50% THD. HEHE O RN
BRI, BRERAMEORRME~—VEH
W5, = — I D3WTAL B, RINRD AT[24]%
THEY 60 EIFHHIFTRETHD. WREIL, 7 —L/3R

ZRWTRE S (RED) OBATEAER 5.

8 No_motion_paraliax

£ Motion_parallax

800 1000

RYEOERImm)
9 MHEERAIOBATSAEDZEFEXHE) DO F-HE

Fig. 9 Mean of absolute values

(distance between the cube and the arrow)
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Fig. 10 Mean of absolute values(each user's score)
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Fig. 11 All experimental score of g and k users
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X, O —FOBIUIRF A EE S, ERAINCE
B RO FEERNMEFRURESORERE—ETE
BRI B ST A,

52 RERFIE

WBREL, BECHREOLEPRAER Z =
1400[mmiZ32H, 8% RN b RO RTE (SEIm
STWAHE) HRIBEBK THH RO &N ORI BE%
—BEEHIOERLE. REDOBRITEX, FEE
251 EBR T B7-DIF — by RIZEV KR E B 52
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!

— 427 —

NI | -El ectronic Library Service



The Virtual Reality Society of Japan

BARN—Fv)LYTT1FKHmIEE Vol. 18, No.3, 2013

BIZBWT, RFEOX A EENIR L. #EEIL, £
FICHEEZEAZLIZIVN 13 TR ROEER LS
BT HILNTEL. BEREZRTILRVWERTIL,
WA EZEELRETERETAIOE L. L
&1%, Z =800[mm], 1000[mm], 1200[mm]¢> 3FE¥E D &
ITEICRE L. REOEMEIL, FABIEITHE,
B+ DG ST LB LENO RS T ALED
2NNF—2ERAEBELZ. A/ —LOREMIT 2 =
800[mm] > FE(Z, 46[4a/FL], Z =1000[mm] D K (T,
50[#a/%0], Z = 1400[mm] DRI, S4[#/F011272D 8D
TREEL 7. EBRAEMT 2B, EHRES - ELE
TEAITRIR%, SLHEOBRITEINF— 2 EESIC
BIRL, FH6EIORITHITONS. 6EIDON, KHIDF]
BN BN DWW B L, BT EFERE
RDINTENEEIZERETH. REIOEREIZEL T,
EBRANZIIHEE I E TR0,

————— > IN—TES5—8&
RBEF4RATLA

FARHAS

12 EBRERE (MR)  #8&E I N—T7IT7— LT (AT
A% BN — LSy R TIRABSR G O BATZZEL, EY
KOG L A% BEREEDED.

Fig. 12 Experimental environment (MR)
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Fig. 13 Motion parallax in merging MR mirror worlds

53 REHER

AREBRTH, ) REAVWTEREROTMEIT).
Darrow (%, HFREZE RIZE T HRBEGRORKHIDOE
FTE 18, Drear opy 1%, HFEERIZBITHILGEDOR
ITEETHD. SEHEERHIOBITEZEDOEN /NS W
1F&E, score 23 0 1ZiE5<.

EBRERLY, £ 411 14177, score D FEHIELAE
HWREND, EEBEEROHF D RIEEROITEREE

NEWZENb)S. EEEER LEHHEEZEDOEIC
ML THIEDHD t BEEITHT2LZA, ENLEMIK
DFEBEAS 800[mm] D EER TIX, P=0.002 L7220 H B K%
1% DEEENHERSI, 1200[mm]DEER TIX, P =
0.034 L7RVEEKE S%UOBHRBEEDERINT.

1000[mm]DFEERTIZ, P = 0.105 L7220 FEEENHFLN
o=, ZOHETYH, score DFEHIEIL, EEHR
EEINVLEOF P RVER DRI TS, B
EHRECIHEER O IXS XA TARFIEZEDORE R
T TERETo72E2A, #HBRE beflmZE
W, score DIEMMLOHEERE L& 2> T 2led,
ERNZBEEMZS.

HERE b,c D score DEAIAMOFEERE L KX R
HERIL, ERICEDEFIZEEZLND. HERE b I
LB FRERAIORTI#BEREOGDEFIZHOVT,
OB E LFEETHY, STHIELREIO MR E)
xF, REZZFENDDITLTWVDA, [EBRRAITEREA
FBUW=d, ERERUIZ VI A RGN, EE)
REHDEMEIZHOWNT, Z=1000[mm]DRITDIEE
D% ThoT2120, FHEfE R ~DOEENKEIHE
EZLZD. 15, @ 16 LVEEREFOKEZOR
TTHDH Z=1000[mm|DHE OFFMEL DL, IF%E
RENDRKRENZEDOLE S EREMNMEARD. HBRE ¢ 12
BWTH, EEBIRZEF OFRMHIZHOWT, Z=1200[mm]
DFEITNEBZIATONTW0, IR RICEEN
Hi-EEZ2bN5.

WERE fICBVWTIE, K 15, X 16k, EERESR
ORI BRITEEEO T D, EEREEIVLENT
WD, D EDEROBEREN RENHT B RVEND,
score A ChHo7-. ZORFENZONTIL, FKEIOHEE
FIEOEBNEEEZOND. EFHREFEOZNEN
DFET, #HEHE f ORITOIEFELIZERELZHL D
&, RITERVIRTIELY, BEREN/ NIRRT,

WEBREIOFMERICBWTL, EBHHREFTORE
Ioy, EEBREEOHSOHF P EVEEHMES 2D —
ANIELEL T2, #EBRE1D score DAERNAMO#EERE &
BT, EBRET CAIEREIEE T HIEEY
FELIZOEEEZOND. #ERENL S H KL KA
ORI KEZZFTZBFRIEEOF 0L T
725, REEDDOMNSRL2>TLEST20, RITO®
L RESEZRIZBEBRIEROFENDELTHERALR
Klpotz]bar b L Tz, &PIORITHIEENIRZE
HEZ{ED 1000[mm] THH- 727280, T OFHERERICE
B T-LEZLND.

#ERE m 2B TIE, Z=800[mm], 1000[mm]DEFIT,
TEENEEEOILMEDIT) D E\ Y score [ Z72 72, FEBR
DT —NMZEDE, (RABMIREEM RO FERTHI72E)
ZIRICEATAREDR, ZTOMOERELRLRSTND.
512, ® 15, [ 16 (R TIONZ, EERZEOR )
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ERE-ER-KE: SEBEAVEREEFOREHAOERRRICHITHERRE AR BERIBEREE OB RO

score DEENIHEL TORNWIEND, HEBRE m 13E
iR ZEE VO CRIZ BRE IR 288 O 2 Ml OBk
FHLRRS>TWAIENREZLND.

EIRU7z score DR BPMOBEERE L RKEE2DHH
BREARELCGEOEHMEEFHELELZEZA, &
U o B E LR, £ 5 IORULEZ EEELIESE
REMNS, BEIRZEA O, Ak BROIEIEREN
BUWIER Lol BEIRER LEEREEOME IR
LG, MIGDOHD t REEIToIAERD, SHFEOME
800 [mm]T P=0.019, 1200 [mm]TiZ, P = 0.024 £720
EBKE 5%NOEEERHDHIENHERIN, 1000
[mm]TiZ, P=0.082 L7 HE BEEM RSN, £D
7=, BB FOBEEBRED, AIEBEROBEREICE
BRL TWAZ EDSHERREN T LA EDFE RS, iEENR
ZOBFBPAI%BEROMEBREEOH FICEHTHD
EWZDH. BEREOHHEN ALY ODRETS
MR FUSEMBIRTIL, ERDTF VZNVEBIRTRIZH A,
Rt R ORI E L CEN R A TH2E
DFEFR I,

* 4 ERFEROFHEEMIEDHD t RIEFER 5L
PITIE R ZE. JFIS0HD t REDHKERLY, EHHR
ZEHNE DG HEIREROIEEBEN RV LB 00D,

Table 4 Average and result of t-test in MR environment
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Fig. 14 Mean of absolute values (distance between the real

mirror image and virtual mirror image)
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Table 5 Average and result of t-test without b,c,f,1,m users
BENOILF . . -
HeEC O BERE EHRESR EE R EE P
[mm] [mm]
[mm]
70.877 208.997
.01
800 (34.121) (118.677) 0.019
118.324 238.376
0.082
1000 (57.956) (159.176)
143.174 267.134
0.024
1200 (48.802) (159.521)

15 &HH8RE D score

Fig. 15 Mean of absolute values(each user's score)
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Fig. 16 All experimental score of b and f users
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