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ABSTARCT

A stereoscopic display system presents the left and right eyes of the viewer with images from
different perspective viewpoints, to provide depth perception. However, a standard stereoscopic
display system cannot deliver an image with correct perspective when user changes his/her
viewing position. With an interactive stereoscopic display system, a pair of displayed images is
synthesized based on the current viewer’s position. Thus, a viewer always sees the image pair
with correct perspective. For such system, however, information about current viewer’s position
is required. In this paper, we describe an interactive stereoscopic system that employs a vision-
based leg tracking algorithm for the estimation of the viewer position. The method targets at a
low-cost application such as computer game etc. It makes use of a cheap single video camera and
a fast algorithm for viewer position estimation. A viewer’s current planar position is calculated
from a leg skeleton extracted from each video snapshot. The skeleton is then used to estimate a
viewer leg end-p(;int (I;éel) position using a homography transformation. The method dose not
requires a viewer to wear any tracking sensor or marker. From the experiment, it was found that
the proposed method can estimate a viewer planar position with the averaged estimation error of

10 cm.
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3.5 Homography [8]
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Digital Watermarking Technique for Images
with Perspective Distortion

Nopporn Chotikakarmhon ant Wiyada Yavea

lnlmspaoev a problem of ¢ y J images is
P the paper m ola from a photograp
image of the watermarked piciure. The image is possibly obtained by using a digital
camera. This watermark detection problem is made difficult by various geometric
distortions added lo the originai picture through the printing and photographing
processes. In particular, the paper focuses on the geometric distortion due 1o a
projective translormation, as part of a camera 3D-0-2D imaging process. it is weil-
hmhﬂaumsvalbdwﬂvawbbuwmunderuwmcﬁwmedkm
By exploiting this fact, a proj digilal is
developed. Bydcmmngmepucmswws wmmmmam

perception. However, because the algorithm and device useq are desig
computation, the estimation is typically not precise enough 1o provide a B
interactive viewing. An error concealment method s thus propesed @
problem. This concealment method should be sufficient for appicatons het
require a high degree of visual realism ang mteracticn

14.50 ~15.10 ]
Hybrid RMM for Transitional Gesture Classification in Thi

Sign Language Translation :

Arunee . Noppor Cholikak and Worawi Weragsn

A human sign language is generally composed of bath stalic and
gestures. Each gesiure is represented by a hand shape, its posiion, and
M(bfacymmcwn) One of the problams found in aulomalad

15 O 56g! g & hand thatis part of &
from one hand gesture 1o another. This ansitiona: gesture conveys

of two main di ! ines, predefined cross ratios are used to compute
the v ions. From th ified ing pixel locat Quag!
2 watermark can be cetecled by performing 8 behween a rk

patiern and the image over those pixeis. The propased method does not require an
nyerse iransformation on the distorted image, thus simphfying the detection process.

meaning, but serves as a connecling perod between two conseculive gesne
Based on the observation that many dyramic gestures as agpeared in Tha g8

1

Performance of the proposed method has been analyzed through compul guage dictionary are of quasi-periodic nature, a method was Geveiodis
experiments. ditferentiale between a {(meaningful) dynamic gesture and a iansitonal masmet ¥
However, there are some meaningful Gynamic gestures that are of nongeise m
nature. Those gestures cannot be disti : Auto
using the signal quasi-penodici 'tiapapet a hybri¢ mma«gc Un
inalion of the periodicity-based gesture seg method with 3
Preliminary programming for librarization of Haptic Primitives mm;d:xf" The H"Mm " m:;d"’ et e e
based on constructive solid geometry and god-object method, this hybrid :d"m can be used 12" identify segrvr::: :l a ransond &Mp:,
Do-Hyung Jin, Ki-Uk Kyung and Dang-Soa Kwon movement. In da.admn c;\;e l; g: :se of quasi-periodic nature of many dyoams :dhd ‘P'!
. "’ T - . R sign gestures, dimensionality MM part of the propased method is signifcardy ity ¢
e e v S . Ty et sty st o ST
we adopted “Ihe Goc-Object Méthd” s a haplic rendéring aigorithm and applied mmm““;;e i e Undor wa
*Constructive Sofid Geometry (CSG)* to manage haplic objects. Beyond the "ghost . The insp:
library" of PHANToM this research can be ulilized as a basic component in developing with a bi¢
tocls and libraries thal aim to simplify the haplic modeling. It also can be applied lo and han
taclile Gisplay modules and tempceral display modules, and ultimalely developed transport
into a One-Stop Haptic Modeling Tool, enabling users tocreate tangible CAD systems. polar ¢
or Tangible e-commerce systems more conveniently, Setup b
several
an unue
expenit
our rob
Multiresolution Wavelet-Based Disparity Estimation the rest
for Stereo Image Compression
Chompoonach Tengcharoen and Ruftixom Varekuisiripunthy
The ordinafy stereo image of an object consists of data of leh and ight views. 0]
Therefore, the left and right image pairs have 10 be transmilied simullaneously in 4 A
ordes to display 3-dimentional video al the remole site. However, due 0 the twice 3
data in comparing with @ monoscopic Image of the same object. it needs 10 be
compressad for fast transmission and resource saving. Hence, it needs an effective The
coding aigorithm for compressing stereo image. It was found previously that future
compressing left and right frames independently will achieve the compression ratio . cente:
jower than compressing by utiizing the spatial redundancy between both frames. z grow
Therefore, in this paper, we sludy the stereo image compression technique based : recen
on the multiresolution wavelet transform using varied disparity-block size for RCP{
estimation and compensation. The size of disparity-block i the stefeo pair sub- will b
bands ate scaling on a coarse-to-fine wavelet coefficlenis strategy. Finally, the robot
reference left image and residual right image after disparity estimation and RCP.
compensation are coded by using SPIHT ceding. The considored method and{
p in both PSNR and visual quatity for zl'):
stereo i 3 - = t
image. -
syst
this
dew
A Fast Vision-based Head Tracking Method for Interactive ’;’:
Stereoscopic Viewing s
Narongsak Putpuek and Noppom Chotikakamthom bes
In this paper, the problem of a viewer's head tracking in a deskiop-based ;‘:
MWdWWuMAMMMW pieg
to the problem is imp for such a comp The syslem under i
mmm-mmummmwm P
demmumm.mmmlmmﬂyma ot
simple feature i ithm, the oblained points ponding lo the image "
amwmmmmnuummhmmw mwdw
angle, as measured with respect Lo the glass center, and ils global ‘yaw' angle as
measured with respect to the camera location. With these estimations, the
stereoscopic image synthetic program ulilizes those values to interactively adjust
the two-view slereoscopic image pair 88 displayed on a computer screen. The
adjustment is carried out such that the so-obtained stereoscopic picture, when
viewed from a current user position, provides a close-lo-real perspective and depth
60
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A Fast Vidon-based Head Tracking Method for Interactive
Stereoscopic Viewing
Narorzsak Pumpuek, and Nopporn Chotkakamthom
Faculty of Informnasion Technolozy &
Reserrch Comsar for Communications wnd Informaton Techoelogy
King Monghut's Estiture of Teckzolozy Ladkrzbang, Bangkok Tatlard
(Z-madl: s3C€7 L4 arimaitl ac b

Abztracr: In

<his prper 3 prodlaca of 3 viewsr's head tracking in 3 dskeop-tased interactive ssarscscopic display syvsen: is

comsdared. A f25t and low-cost approach to the problem i izopamant for soch 3 cosmputing sovironmant. The svelsca under
comsidaration mikizes 2 shurde glass Sor swersoscopic display. Ths propossd mathed makes use of an im2gs takse Fom 1 sizgls
Jow-cost widsc camama. By wiing 2 simple Saturs exzacoom 2iporithm. the obtained points comesponding 2o the imazs of the
WERC-IOCT é-:.::lo glazs 2xe used 10 estinzaw the gl2ss centes, dts bocal 'vaw” g, as mezszed with respact te 24 glass convar, snd
its glebal ‘vaw’ a=gle 25 msasured with respact to the camarz locatice. With thase estimezions, the siareoscopic inmage syzthatc
prozam wtilizes those values adzpeivaly adjust s rwo-iew starscscopic image pair a5 displaved oo 3 ¢ cemprazar siresn. Tha
2dmstiant 15 carmied cut such taat tae sc-obtained steceoscopis picturs, wien viewsd from 2 ceTes: ms pesiion, provide: 2
closs-te-real pacspective aud depth parcention. Eowsvar. because the 2lzarihim sod device ased are dssimmed Sor fust compursitos,
the estimarion is svpically ez pracise szeugh to preside 2 Bicker-frse mtancsive wiewing. Az arer concealment mathod 15 tous
proposed to alisvare the problem. This concsalrent metzed should be sufEcient for 2pplications thyt de ot reguise 2 2izh doges

of 32suxl realism and jokeraction.

Keywords: Sssmeoscepic Display, Comprtsr Vision, Inwracnse Svikm

1. INTRODUCTION

A smrsescopic displyy svisen presents the lef: and right
s¥es of the viewsr awh intages fom diffsree: passpectvs
viewpeoants, st 35 the viewsr sees €4 vismal world [1}. Frem
thess tave shizhily & Eicent views, the aye-Hoain syntssizes an
imazs of e world with sterecscopic depd A singls, mot
double. imazs is sest since the rA0 are fused by e mund inpe
ons. T the system caz peerids uillﬁ:mcfd.p:k
pazospoan just ks 2 huraex tizion sxparisecs whan viewsng 2
rezl-mwerld obact. Staceoscopc é.isp]z_\' 13 maed for 2 vansty of
applications roma zares o comgputec-aided desizz. Howssar,
2 standard stareoscopic displey system 13 limited to delivenicg
2z fozgs poir parfecty swewaed only from a single view point.
Changing cf viewsr’s posikee doss not esult i pacspective
czange of ths viewed scene. !mmm. swreoscepic display
system provides 2= amswer o e problum. 3\ adaptivaly
sdfustiz the randaring  view poiz: of the syhatic
SITSOSCOPIc immage PAU According o £oa CUCMDD TITAIS
Positox. 2 high dsgrﬁopf'.ﬁzuj reabizm is obexined. To obuzin
the importazr informesion about cameet wiewsss spatal
posiciec. 2 hexd tracking sensorsubsystses may to employed.
Trackizg of 2 viewsr :hadpcms zchiovsd by usizz ons
of t2sse sensing veckmologios: sle ssusor, optical
seeior, 35 well as izertial, aconstical or mschanical sensing
davices.

Uss of thase ssmuing devices is Nmited to high-scd
applicaticns soc: 3 comprsc-aided dazign or VR-bazed
simulidon  systemns. Fer daskeop  applicaticos,  sinpler
tochnigus is roquired. Examples of prstdons work o
deslzop-ased virnuzl 2nd augmented reality (VR/AR) systems
include those cf [2-3]. Tke Pecsenal Space Seatice (PSS) is
described i [4). The system 2llows ifs wser 2 perform 3D
inferacsive. In chis sysmm, 2l imteractive 3D ks are
perforzned dirsctly with the bands or by usizg task specific
joput dssices. The PSS is desizmed with thres major goals:
low ceszx, srgenensics and dirsct 3D inxeracticn. The system is
b2sed oz 2z optical-based Zead racking [4] techmiqus. Tuo
standard FireWire camaras ane ussd to prossde tacking. I

PSS syuteme uzec s seaned iz Bect of the mirrer which refiecs
the swrpowepic images of the virmaal werld a5 displyed by
the mocstar.

In €35 prper, we present 2 £25t and low-cost opticz] head
Tacking syseemn thar nees singls Jow-cost carmara and 2 wmple
sitle glass objacton ssguisutation mathod By sxplodting the
coler xnd shaps of tha shattla gless Savice. 2dditional marsers
ars not required Ar algorithm is devsleped o peovide rough
estiazsion of the viswer’s pesiten. Eror concezimae: method
iz peepesed %0 allevizte tos mseccwsacy in viewsr's pesttion
sstmesion,

The papwr is orgamized 25 follews. Fist foe propesed
IMCACUS SWMECECOPIc TIIWIZT ENm s mmoduced alenz
with gazeral im22s peocsssing votzsions. Noxt, detedl of usac’s
Ze:d positicn estimaties 15 Tvse in Secton 3. Experiment
emults are provided with somwe discassicn iz Ssciicz 4. A
concinsion i gives = Section §

2. VISION-BASED INTERACTIVE
STEREOSCOPIC VIEWING SYSTEM

1. From the fgure, 2 single video camara is placed om wop of
tha CRT display unic A stercoscopic shuttle glazs is used o
peovide sceze depts information o 2 viewar. A viewss is frse
o chanzs ':ivhtp«i:innmhliﬂ to 26 camara. [t is assunzed,
Bowevsr, ot Jocal bead retaticn about the lecal z-axis &
ughg:‘bk This assumpcon is made te simplify the teading

csing alpocithm. The assumprion should be approximsaly
mfmth&wp sceuzmio under wrody.

Froea Fig 1 2 wser wearing 2 starsoscopic shmitls glass
watches 2 SLArsSCOpic comsprvsc-gsnarated picturs as shown
i the ﬁnq:lay umit, secai-imternctively. The  term
*semi-interacticn’ kare refars to the ability of the systen to
allow its user to change his'har physical viewpoint (ag. by
stieppizz to the rightTeft or back/fomt), and ths rsndared
conhant is adjuswd sccordimgly iz 2 shpuise mammar to
peovide carin degree of virtuzl realizm. To creeate such
virtzal rezlisme. the left and righr imagss from which e

systeen is shown iz Fig.



ANG0STOPIC ploturs it comsmucted moust be rendersd D2ed oo
2 VW pesiton.

-

Fig © The interactive sereowcopic viewsing sysiem

! ;-‘:_!
Ve

Fig 2 Rectering of 3 stersescopic ina2gs pair, based on 2

viswsr pasitos

Fig. 3 Ixsage plazs covndizate

To reskize such 2 syseems estizzates of 2 viewss's ‘yaw'

axgles moust be mads avadlable In this , & simple
vision-based medod o estmesicg the 22d Jozal ‘yaw'

szgles of 2 viewss's bead is Sescrided Estinations of bed
sxgader values (o amd ¢ a3 shown in Fig 2) are obtained
By ap2lyzing ax intage smapshot using 2 sizngls bou-cost vidio
cacara. Loc's i{x.y) be e iztensicy Smcton 22 tha (k. 3}

smapibot if{a.y), 2 user global vomuzal ‘yaw' augle. as

msarwred with sespest 2o 28 vided cazaira coordnrts is St
esumessd Jrom ths sepoents of i{x,y) coresponding o e
35t oud nght wsewizg arsas of e shante glass. Then.
estmetion of a viewss's Siante J is mext obkiced Tie
so-cbuized esmmewnd asgle ¢ asd disiance J s t2em
wsed in making 3 decision et whethar 3> change 24 recdering
ewpoint of the reredicopc uage priz 23 &Splayved by the
systems s CRT.

In the zext sacroc. detxl of 2z igarithme wsed 1o estizate
¢ 2ud 4 isdescnided.

3. ALGORITHM FOR HEAD'S POSITIONAL
ESTIMATION

3.1 Iwmage segmoentaton and fesrure extraction algorirhm

Toe &5 ey = the boad's positiona) estzmacos is to
perforz: zecessary Sanrs excactos Sow 6 camar: g
wapsbee Tie dlgoarhon is desessbed 25 fellows.

i Comvert Mx. ) 3 dinxy image Sepmecm of
imeges 2me2s of black pixsl: e than identfied.

2 Tor satk sogmasened black-pixs! 2oe2 jo toe bimary
wersion of I{x ), caleciate 5 segmuar: centoid
postice {25 Snored oy (x,,y,) =Fig 4.

3. let d, avd d sspresect e mizamin wid snd
=aight of the ieags 2re2 comespending w eitar of
s two ghaes’s viewing (LLD) areas. From 26 neo
volues, for sack ssqmsnted black-pixel arsa, stanicg
Hom the segsett cacoid posines. fxdpixels 3 e
four boupdezies of the sagmusut (ses Fig. 4). Thase
pixsl positens e daconsd by (. ) dfwl - B,

4. Far sxch tlack-pixsl eazs wea, fom the valuss of
{x,. %) a2t cbosized Soma S1p 3. detacring M2,

iy - g 308 M, (868 Fig. 4) roca

Y. =¥,

Xy =%
3.1 oot ’ €
+ = c - {;.r,
E 4.5 &' iz b i
I T 3 . e b S V,,W(:;:-:).;,
Vi
P i )
§ { '6;.' i i ° j’\
3 ’ M =
p o " N 9
P p—— i s LI
(Lo 2

Fizg 4 Pacazevans cerrssponding o sack segmented
black-pixel mer. iz i y)
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Yy =
X, =X,

A

Fer exch blazi-pixel imags arsy, cxlzulae e
standazd  deviesion values 25 defizmed by s
following sgmatocs.

s o fime = B) Hme - R} Himee - el (5)
“ Y

o ot =R Y tim o W P =R W) 06)
. 2

3\
whsce
+ N
— : i: m ‘ b
L o 3 ~
- i, ~m o (S;

3

$. Cidsmaowiuwe: o, 28d &,. cbooss the smallc
valze and demens ithy o .

7. Amsomg all sepsemred arees. selext the mwe
Dlackpixsl semusoted wias in the bimary versiez
of #{x. y) ot Zave te swmasiiese valnss of o, .
Ths tac swlezed segmuants are then idastiSed

coprmpoading to the rvo s2uds glast’s wiewing
s,

Frow the identified viewing areas 23 destribed. 24 zext
sactics details how to estinane 3 22d 4.

3.2 Extiznadon of the user”s reladive distance frow a sereen

I 35 Jiest 2sovnad that <hs camars fecyl gk £is koo
From the Zmage /{x, ¥} obizived Soca s camers 20 suy s
justace. wpply &a- Sarce sxtacmvs :d sapevtaticn
slgosikes 20 descrided abovs. From the so-obnaed tac
shurls glass™s viewing areas o5 appearsd iz #{x »), the 33t
224 right bocdars, 25 wall a3 ths ceuder point of the chusls
gz can be ddectiSad It is 2cmmmed iz the smdy Bt e
usac’s bead is ocisuted such txat &5 T-axis is paraliel to t2at of
the camsza, and the three proiacted peines as wenticoed pass
through the im2ge cemter. No assumpton is mads. boweves,
regarding 1o e bead's “y2a” angle relative to the glass contac
{93 devoted by o in Fig. 2) Brued o Sase pscumaptions. s
distsnces borwsen ths tres points, mezsnred Eom tie imags
center along the imaage’s x-axis, 2w, my, md my a5
shows in Fig, 2. Tharefore, ths thrse angular valuss i= Fig. 2
can b c2lzulyved Sens s following squastions

g =
g4 =

ey 3 &
e m, ! 1) 0w

2 -

- 7”e
Z; =

-t
we (M, S {il}

From Fig. 2. it can D5 dectved thetx, .
2 003 awdther by 26 Hllewizg egurtions

Xy, %y 250 rolzed

3y = leon{ad + tsinfa) ezl )~ X, {2
2 = Qcos{a) v iuzfajnusif, )+ X, i3
whece {13 2ol the width o the skunle glass. In addivon. it o
2% veciSed that

Xy = @i a=0L2 L))
From Eqz. (14, o <o be cboized Eore
a = 2248 i9
wkere
A = fmg =)= {my =m0 i€

£ = (mo-mmeld) -, -myJoe?) {17

Wits & 25 obamed from Z4. (A5 % -x, ¢ B
orrzad oo Eqs, (12:13), Ave resule Dy nsizg Z¢ (1) dis
oinzed Soo

d = flx =x) e - {18

Havicg o%lai.»d:h»:imu«a(tc&a‘ad . s

F2plic seheystem caz uis ot values o adjust e
sendsricg such o Jof 228 zight imager matck
1swing pesiticn.

In practice. by askizg o user o parforns iitial solicaticn
poocass, be sssheats of fe2z Bs choviced.
3.3 Error concealment mechod

Becauss the sstmmation 20 detzled = Sscrien 3.2 is wot
poecise, dos fo lumitadon i sermos of e irge cquisiten
Savizs's accuracy, 25 well 25 s nesd 1o reduse 2lgonchm
complaxiey 25 mack as pousible. Thevefocs, trily meal-tinue

mmwn&%&n&mbo&:ﬁyk«&:ﬁ.

Tes sysoem B4rs mmst tzarsiors week iz a
S 2 cular. chaoge of medecing
viswpoins it wads based on hs follewing conditions

o Chemge is wade whazevas the wser’s ead pesition is
maficieptly satonary. Esad stadonxizy c2n be
datecsad by calculatizg sacdard dovizon of &3 rwo
paracoster sstimanes (4 aed &) among Lo oxned
fow a fow {33y, 3-4) consecushn izmage soapilons.

» Iz addicion, the whole visning sprce is &vided ot
dsczete sot of visning wes. Only wisn the usec™s
Zsad positicn Balls im0 o diferene viewiog space thar
&llmwtam;m

s Swircking detwesz e poirs of diffzrec:
vizapeizts is parformed gradally. by fding cur e
iwags pair corsesponding to e cwomen: recdstieg
vivapes: and fading = the im2ge pair cormesposding
10 the 23w rscdenng vieapez:.
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Fig 3 Diasion of 2o whels soowing tpacs inte 3 don suaalies
visezg arsas.

4. EXPERDMENT

= the sxperimect, the viewing spase iz divided tuko 9
swaller s3owicg 20823, T2e ceomer posibor of sack ared is
showz in Fiz. 3.

Fo the inigal calibesmon step was parfoczed
semple iziage swapibots. Zack was txken Zrom exch of

wm;ma'l‘u»uqhmaumwdw
obizin e estizmabe of the camacs focal Jazgd oy wing Eg
(38). The salus of X, -x, = Ee {18 camesponds > s
width of e szuzle ghiss as menured fomw 2 sexl shuntec

.

;h;kn fer sack of § wiowoer positiens, 10 2z szapshon
ware t2ken, x0d wsed 1 setimate & audd The pernk: is show
iu Table 1.

Ths eskmos of & ...ddmzh:wd»yl«m
ﬁmpon:mm:bamgmd areas, 33 Rows
in Fig. smwmsmw;wm
on the 2me3 whaere 24 sstimated viewss posicon falls on. From
Tedls 2. 3t was found ar based cu the sstimated sdewec

positee. the m.s:-:.!;d perceniags of cerrsct wiewar posiioz
clusiBeaticn i3 97

Table I Maans 2xd stndard devizsions ¢f the sstimries of
¢ and d for sack of P difecent view positions
Posidon: 1 T ke

1 i [ o | 938

2 083 1411 829+ g%
3 +38 | 683 ] 37 ]::2

3 37.3% 1 0.8 Y

5 )6+ | 0.53 395 1127

[] 45216 %) 0382 |
7 -13.74 | £.63 23.§§ 313

$ 227 | 036 ] 134 199

[ 188 | G871 | 13810 | 7i%

Tobls 2 Pasiticss classificazon

- Correct Incorrect
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Fig. § ZEsdmated wewe ponitions, 23 ovsclaid on the 2emazl
g 2eds,

§. CONCLUSION

o chis a simpls Bmmnactvs suersowepic viewing
systens 2as m.&m}omp ion and
foxnze exwacton maethod bas dsen diveleped. From s
wo-cbaized Sanurs, 3 wetked for evdmaden of e viewsr's
be2d pesition bas bews dendled Erer conceximest swatesy
225 been given w 2llanias s prcblem dos o uprecise bead
positicsal prramserse erdmation.
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A Low-cost Vision-based Leg Tracking Algorithm for an Interactive Stereoscopic
System
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Abstract: A stereoscopic display system delivers images
differert g

from Wx:wnmo:mwumska
ad rght eyss. mmwna&w
SIRTE0SLODIC 'or an imaze with

COMTaC perspecuye niun 2 vkwu changes hisher viswing
posidon. With a1 icteractive steravscopic display sysem 2
pair of displayed images s syntheiizad based ca the curamt
viewssr's postdon. For such system, howeves. ivformanior
about quTer: viawer's position is required. In tis paper.
W2 Dreseny an Interactive $1ArROSCOPIC iyste that employs
a vision-based leg macking algorilon for the estinadion of
the viswer position. The mathod targen at 2 low-cost
Jpplication such 23 a Compuzer game o deskeop-based
products. It mmakes use of a singie Dexpansive video camee
and a fast 2lgorithn for viewer position estxadon

1. Introduction

AR interactive stereoscopic & system < provide an

iltusion of spadal depth and 2 ot

image pair when 2 viewer chaxages hisher vi ‘&
To obnin the viewes's

For such 3 system,
curTent viewes positon is

position, vaciows Mumean movement m:hn%:

may be exployed Tracking techniques cac
mammmammwmmm;
vision basad withow mackers mathods [2). Geeenlly, 2
noa-vision dasad mathod amploys either 2 magratic-based
ou:oe.uac-bmdmkmgm Thoss samsors, however.

are ganerally expensive acd that 2 sersor device is
13t placed on 2 viewer bady. 10 such Jinznzions, this
paper 2 visioo-bazed

e[3 VR system 5 cescribed. The system
mv&&mmdmwmmm Two
cameras are used 1o track the space ie which the interaction
wkes piace. The systam descrbed i {2] is another vision-
based method wich markers. This svstem uses two low-cost
standard FireWir acmwcka)md;mmud
oriextation in &%W nmhog w(nsl]z
markers toclude systezn descibed in
uses 2 singla camwna fgc cacking and interpreding leg
gesture-based

hzbsmmmobaocnwulodcwopum

ponmcmaﬁon»bcmdnalow-cm seaali-to-
medicr working area, Dteractve stereoicopic system

aﬁn;hcmmdofmmuumd.km

w2 consider a shuner glasi-based stersoscopic system

Road. Ladkrabang. Banghok,
E-mail: $3067144a3mid 2¢ th

Thatland

iestead of an HMD. Due 1o the natare of the shuner-glass
systeme, only a plamar viewsr poiiton is neaded U
EMD-bazed system, 3 viewer hexd oneawdion is imelsvas
here. This fact has Deen exploited 1o simplify 3 viswer
uacking algonithm The proposed mathod uses a video
caprure of 2 viewsr's legs for the astimadon of hisher
position

2, Problem Formulation

A model of a system setup ar2 showr in Figuwrs 1. From the
figure, the o ineracive stere0sCopic sysiem is
squippad with a siegle Jow-cost video camara with 2 USB
ieeriace. A camar2 points wowand the lowar part of the
vigwes, with e door jo fromt covarad most of the picture
vackgrovmé The sewp is modtated by the following
obsenadions 2nd raquirements’

3
)

Figare 1. a)The taessactive s12re0scopic system b} 2
smeoshot of viewer lezs.

. Bypnim‘cgammthﬂou we 0Dt detier
corsrol on the backpound 25 takaa by the
camera. The 25 proposad here allows efficier:

} m!m:toa without complicaing system
setiing.

s It 13 Jess intusive in pointag toward the lower pat of
tha body.

o Such camen setrg alows a siple, yer efficam,
dlgoridvn basad on homography © De

developad for the estiwadion of a viewss position

3. Viewer Position Estimation Using Legs
Images
Wish e systery sewp 25 shown it Figure 1 {2). video
seapshocs of the viewer's Jegs are taken (see Figure 100)).
Pma exch fame of m;:;. in combinadon with 2
taken during the system
m o ﬂwmt;aix

m%tho leg poﬂdon‘:;z

respect o the foor. is descridad
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Lo Let rgx ) b2agrayscale video smapshot acd s oa i)
b2 a beckgound iange. Lot Af and N'be tha numbder of
imagze’s rows acd cohumns respecavely Baed oo
thes2 wo imagzes. parform 2 dackgowd subaacror
operaton. Derote the background subzacted tmage
3B2(x.y}.

2. Conpuwe the horizonsal cearoid for edch row
sccording 1o t2 following aquations

N 'I ~ 208

noe T Blasdy [T Blas) ey
w » v
.2 ﬂ(xw}/‘f 2

3. Based on Egqs {3-2). szlect rows where the

comaspocding venicad profiles are zreater AL xi,

(=075 kaze). Let (x,,7,,) i=1 ... 0, b2
coordinates of hhe cearoids comaspording 0 such O
selactad rows.

4. Basad on points 13 Step 3. estimaza the paramsters
(» and ) of 3 linaar aquatior y = mx-3 by solving 2
L2230 square eguation.

For =ach ima2ze row {X). clculae e herzouml

distacce betweer the row’s centoid 7, and the poiw

on the Jing ; w aox+2 Obuainad fom Swep 4.

6. Suning from te Lastrow of the image upward, ficd
the first feage row whare the Comespoacing emoris
lasserthama pﬁ&ﬁmd treshold. Denote the
threshold as T,

7. The poiar so-cbiamed frox Stz § is vied 0 compure
2 vewg pomm mazeeed o the world-plage (322
Figre { (2) ). by uwsing 2 planar hur.oz:aplnc
proenos In coa:pu:inz. his worlé-plane posidon, 2
Jomography mamix st first te ﬁﬁumma or
21 laast four point comrespondances [7].

CGiven a views? posidon <XI), along with 3 nominal
viewsr heizhs the viewsr 3-D positfon is appbiad o the
stereoscopic 3D compier gemeratsd module. 10 deliver 2
stereo image pair that marches the viawer posiden.

4. Experiment

In the experiment 3 low-cost off-theskelf USB wideo

camera s nied. The camz has 2 rasohnion of 640 x 480

pinals. acd a fame ez up 10 30 frames per second. A

compuier with Pearww-Il 113 MEHz processor, ad 312

M3 memory with USB 1.0, was used for the conpunazon.

Aol posirons of tha ten xms uzad o7 the
experinant, measured in 3 world coordinate. Except for the
four markers used in the mitalizaton stage. Rse markes
wars usad for the purpose of calculating estmagor sror for
the experment orly.

£, Conclusion

In this papx. a siple visior-bazed leg iz algorgun

for Jow-cost application has Teen described xetkod

uses a single camen and the simple viewer tacking
alzorithiea. From i 2. The alizorithmy h2s 21 averaged

707 i estmaiing mk;posmoﬂS" 2long the

X axzis. and of 12.5 % along the ¥ axis. This level of

e
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o
Fizwe 2. Avemged error of the astmured viewer posicon at
diffarent viewpoints (2) % coordinatz (0) ¥ coordinate

accurxy  showld be accapuble for 23 imancive

SIETEOICOPIC vkmn; Cauen that do2s not demamds 2
highest degee ol v realism and intesacdvity.
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ABSTRACT

In this paper. a problem of inleractive $1ercascopic
display is considered. To provide a sterce image poir
with comect viewing angle. a SICreoscopic system st
be able 10 identify a viewer spatial location. A fast and
low-cost vigwer location estimation method using a
single video camera is described in this paper. The
method tracks a viewer's standing pasition by esiimating
histher leg end-point on the floor. The so-obtained
position is then transformed to a 3D coordinale by osing
2 planar homographic projection Because the cstimated
viewer position is noisv. a smoothing and semu-
interactive updating algonthm s developed 1o reduce @
Mlicker caused by ke imprecise cstimate.

1. INTRODUCTION

A steseoscopic display sysiem presenis the kel and dglt
eves of (he viewer with images from  differemt
perspeetive viewpoinis. just as the viewer sees the visual
world: From these two slightly ditferent views. a brain
synthesizes an image of the world with stereoscopic
depth. A single. not dowuble. image is seen since the two
are fused by the mind ino onc. Thus. the sysiem can
provide an illusion of depth perception just like a human
vision experience when viewing o rail-world object.
Stereoscopic display is used for a vasiety of applications
from games 10 compuicr-gided design However, a
standard  stercoscopic display  system s limted 1o
delivering an image pair perfectly viewed only fram
single view peint. Changing of viewer's position does
not resalt in perspective change of the viewed scenc.
Interactive  siereoscopic  display  sysiein provides an
answer to the problemy By adaptively adpushing the
rendering view point of the syathetic sicreoscopic nnage
pair according 1o the current viewer's position. a high
degree of virual realism is obtained. To obiam the
important information aboul current viewer's spatial
position. a head tracking sensor/subsysiem may be
employed. Tracking of a viewer's head positon 15
achieved by using one of these sensing techuologics:
clectromagnetic  sensor.  opiical  sensor.  inernal/
acoustical or mechanical sensing devices.

Usc of these sensing devices is Jinnied to high-cnd
applications such as compuler-aided design or VR-based
simulation systems. In addition. those sensor-based

s amsm s AL A AGRE ETETT

technologics places restriclion on v ewer movement to a
cenain extent An altermative soluuen 1o those sensor-
based methods 18 a wision-based viewer position
estnanon

Vision-based methods use one or more video cameras
10 collect information required for the estimation. For
vears, methods for tracking vanous human body pars
bave been developed for VR and computer gang
applications [1]. For our problcny, vision-based head
wrackimg and pose estimation like those im {2-3] may be
used 10 oblain 2 viewer dircction with respect 1o a
display unit (provided that the cameras used are placed
sufficiently ¢lose to the unity. In addition to the methods
using @ steren camera Jike those of |2-3]. some other
methods bave been proposed for head tracking using a
single video camera [4-3]. The lsacr approagh is more
cconomical as compared to the swereo camera approach

In addition 1o head tracking, methods developed for
tracking a himan body [6-7] can also be used 10 obtain a
viewar direction with respect 1o a display unit. However
viewer  dircction  informabion as obtained by these
methods. as well as those head tracking methods just
mentioned, s not sufficient  for  the inerachve
sterepscopic viewing application. A distance from @
display unit is also required so that 3 SIErco unage pair
with upprepriate perspective can be delivered.

o principle, & mulu-view 1mage information s
requited for a three-dimensional positional information
© be exmicied by o visionbased method. For our
probicm. however, due o ifs ceram constrints and
restrictive  requirements, - 4 3-D viewer  positional
mformation can be derved from s projecied 2-D
posiional information. By exploiung those application-
specific condinons, tis paper describes a method for
estmaling a viewer position. ko be used as a main
component . of g Tow-Cost  IDICTACtVE  SICTROSCOPIC
viewing sysiem. By iargeting ar a low<cost desklop
svsiem. @ single camera 1s used to reduce complexity.
Legs of o viewer arc pictured by the camera. Unlike a
human feg tracking in [8]. where there the purpose is o
classify the leg shape into one of the predefined classes.
here the resulumg image is nsed for the estmation of a
viewer position.

Orgamzation of the paper is as follows. First. a bnef
sununany of the system under sty 15 described. Next
the leg position cstimauon method is detailed. A
smioothing and updating algorithm to reduce the problem
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cansed by cstimation imaccuracy is described in Section
4. Experiment results are provided with some discussion
in Section 5. A conclusion is given in Section 6.

2. PROBLEM FORMULATION

A model of a human and a system setup are shown in
Figure 1. From Fig la, a human body is modcled as
composed of four suicks. Of the fours. at this stage of
research. only the bottom twos {filled ones) are used for
position cstimation. The upper two parts will be taken
into account in future study. The system under study is
shown in Fig.1b. Here, the deskiop-based interactive
sICreoscopic svstem is equipped with a single low-cost
video camera with a USB interface. A camera points
toward the lower part of the viewer, with the floor in
front covered most of the pictwe background (sce
Fig.1c). The setup s motivaled by the following
observations and requiremnents:

* By pointing a camera against the floor. we obtain
better control on the picture background as taken by
the camera. In many outdoor as well as ad-hoc
indoor scttings. with a camera being tilted up in a
typical eye-level angle. it 1s very difficult to control
the backgroud behind the viewer. As a result, use
of a simple background subtraction method is less
efficient under such setting. The setting as proposed
here allows cfficient background subtraction without
complicating sysiem setting.

» 1 appears 10 be kess intrusive in pointing toward the

lower part of die body.

Such camera setting aliows a simple. vet efficient,

algorithm  based -on planar  homography 10 be

developed for the estimation of a viewer position (x-

v planc.

P "-:
o
/i
R

{a) (b) ©)

L4

y !
Y

Fig. 1. a) A human body model. b} Camera scuting. ¢)
Most of the picture arca is filled with any thing inside the
rectangular arca shown in the figure

3. VIEWER POSITION ESTIMATION
USING LEGS IMAGES

With the system setp as shown in Figure L a sample of

the pictures taken s shown in Figure 2. From such

image, combined with a background-only snapshot taken
during the system setup time, an algorithm for estimating
the viewer posilion using a legs” end point, is described
below.

Fig. 2. Samples of pictures taken under the system
seiling as illustated in Fig, 1

1 Let  f{m.n) be any currem grevscale image.
and 7, (im.n) be a background image. perdorm a
background subtraction operation. Denote the
background subtracted imaged Gmn). In
addition. let M and N be the number of rows
and columns respectively.

2. Compute the image profilc and moment
according (o the following equations

¥
pulmy = % i .tnan ()
)

Pao(m) = X./Sim.n)n/p,.(l.vn 2)

EES]

3. Find and average value of p,(m), as denolke by
Py Then, choose g, m) which correspond

be the mumber of
Pmo{m) chosen using this criterion. Then,
form asetof points g, .i= 1. ... 0. of which
their coordinates are givenby im. p,,,(m) 3

4. Find a siraight line that approximales the leg
skeleton. To do so. estimaic line parameters
{am + by = 1) by solving the least squarcd
equation constiucted from ¢, .

S, From the linc as obuined by Step 4. compute
the estimation crror between cach g, and the
point evaluated from the so-obtained lincar

o p 2 pg Let O
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equation for the same row .

6. To getaviewer's standing point. staring from
the last image row pa = AN, fud the Girstn that
the error as computed by Step 5 is under a pre-
defined threshold. Denote that row number m,. .

7. Use m, 10 COMPUIC 4 VICwer position on the x-
v plane (see Figure 1<), by using a planar
homographic prejection. 1n computing this X-y
position, a homography matrix must first be
estimated {9)]. In practice. this can be obiained
by using al lcast four pre-defined maikers
placed on the floor within the camera viewing
angle. Denote the estimated X-y posilion as ¢, .

Given ¢, . along with a nominal viewer height, the
viewer 3-D position is applicd 1o the stercoscopic 3D
computer generated module, to deliver a sicreo image

pair that matches the viewer position.

4. A SMOOTHING AND UPDATING
ALGORITHM FOR SEMI-INTERACTIVE
STEREOSCOPIC VIEWING

Because the estimation as detailed in Section 3 is not
srecise. due to limitation in terms of (he image
acguisiion device's accuracy. as well as the need 10
reduce algonthm complexity to make it suitable for
desktop  applications.  Therefore,  truly  real-time
pieractive system is unachicyable with sufficiently low
flicker. The system developed here must therefore work
in a scon-interactive node. In particular, change of
rendering viewpoint is made based on the following
conditions

» A smoothed/interpolated version of ¢ is used for

rendering a stereoscopic image pair. This can be
obtained by averaging ¢, over a few consecutive
franmes.

o Updating an image pair when a viewpoint is
changed may be performed gradually. by lading out
the 1mage  palr coresponding o the  gunent
rendering viewpeint and fading i the image pair
corresponding to the new rendering viewpoint

» Fading is not applicd if the viewer position 1s
sufficiently stationary. Sull sianding is detecied by
calculating a standard deviation in the estimaie ¢y

over a fow consecutive v ideo frames

ERIME

Fwe cxperiments were conducted 1o test the method as
described.  The [irst one ammed at aucasuring  the
estimation accuracy for the case of still standing. The
second one aimed at evahuating the method accuracy
when a viewer moves around.

In this experiment, a viewer was asked 10 stand on 10
different points within a recangular arca of 1.5 mx 15
m. in front of a display unit. From a pre-taken
background image and those oblamed with the viewer
present an the scene, the viewer's Jegs end point was
estimated using the method described in Section 3. The
result is compared with a correct valne. obtained by
manual registration.  The resulting  estimation  crror.
measured in pixels and normalized by the image sizes, 15
1.} % + 1 O % along a horizontal direction. and is 4.6%
+4.2% along a vertical direction. Pictures obtained from
the experiment, overtaid by the estimated leg end points.
are shown in Fig. 3. Estiniation errors at different vicwer
positions are shown in Table. 1.

r
--

Fig. 3. Parts of the experimental results {the straight line
overlaid on the image 1s that ebtained by the algorithin
The ling lower end pomt is the estimaie of the legs end-
point posiion)

Table. 1. Estimation errors for differcat viewer positions
(still standing case)

Positions | y(em) | x{em.) | eqem.) | efcm.)
1 90 20 1 i
2 90 U] ] )
3 90 =20 S 1
4 130 20 6 5
3 130 O 1 i
[ 130 =20 3 2
? 150 4] ¢ 3
8 170 20 6 3
9 170 0 3 E]
10 170 -20 4 5
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Fig 4. Actual und estimated (with and without
interpolation) viewer movemcnt contows.

In the second experiment.  a  3-diniensional
clectromagnetic tracking sensor is pluced on a viewer
body. The position information as obtained from the
device is nsed as a benchinark against which the position
cstimated by the proposed method is compared. In the
experiment, a viewer was asked to move around within
ithe pre-defined work area in a rather ¢ponlancous
manner. A sample of the actual and estimated moycment
contours is shown in Fig. 4.

6. CONCLUSION

tn this paper. a method for estimating a vicwing position
as applied to a deskipp-based stercoscopic vicwing
systemt has been described. The wethod is based on the
use of a low-cost video camera, with vision-based iniage
processing techniques. From pictures of human legs
taken by a camera, an algorithm has been developed 1o
estimate the position of the legs end-point. From this
estimated viewing standing poit, 4 planas homogruphic
nmsform is apphed to arrive af a 3D estimate of a
viewer posibon. A smoothing and updating algorithin
has also included s an crror concealment Strategy. s
purpose is to reduce mmage Alickers resulting from a
noisy and imprecise estimate.

7. REFERENCES

1] Chin-Chun Chang, snd Wen-Hsiang Tsar “Vision-based
Tracking and Interpretation of Humau Leg Movemen: for
Virual Reality Applications. ™ [EEE Trans. Cwrcuis and
Svstens for Video Technology. vol. 11 mo. 1, pp 9-24. Jan
20601

121 Jurnann D. Mulder. Jack Jansen, and Asjen van Rhyn.
“An Affordable Optical Head Tracking Sysiem ter Desktop
VRAR Systemms, 7 Proe. of the workshop an virtiel
enviranments, pp. 215-223, 2003.

3] Lovis-Philippe Morency, Ali Rahin, Neal Checka, and
Trevor Dusrell, “Fast sterco-based head tracking tor interachve
envitonments,” Proc. 3 IEEE ni. Conf. Awiomatic Face and
Custire Revogmivion, pp. 575 - 380, 20-21 May 2002

[4] Marco La Cascia. Stan Sclaroil. and Vassilis
Athitsos, “Fast. Reliable Head Tracking under Varying
Iummation: An Approach Based on Registration of
Texture-Mapped 3D Models.™ JIRE Transactions on
Pattern dAnalysis and Machine Intelligence. vol. 22 . pp.
322 - 336, Apnil 2000,

{51 Lisa M Brown. “3D head using mouon adaptive
extre-mapping,” Lroc. JEEE Conf Computer Vision
and Pattern Recognition, vol. 1, pp. 998-1003. Dec
2001.

161 Yu Huang, and Thomas S. Huang, “Model-based
humasn _body tracking.”  Proe. st Conf Patiern
Recagnition. yob. 1, pp. 552-353. Aug. 2002

{7} Huazhong Ning, Liung Wang. Wonting Hu, and
Tieniu Tan, “Model-based tracking of Tmnan walking
monocular image sequences,” JEFE Region 10 Conf.
Computers,  Compunicaions.  Conrol and . Poser
Fngineering (TENCON), vol.). pp. 337-540, Oct. 2002.
18] William Freeman. ¢t al., “Compuer Vision for
Interactive  Computer Graphics,”  7PFE. Coniputer
Graphics and Applicanons. pp. 42-33. May-June 1998
o1 Ofiver Faugers. and Quang-T uan 1 uong. “The Geometry
of Multipie Tipages. ™ Tae AT Pross, 2001

72



9 =t

DRI

b

Y & =S|
M 1Aou Thina

AmsAnszaulSoyanas

o

A o o
amundus I

io o
UnduSamsanun

'4 o
Usgaumsalnisninu

73

W ¥ A
Usz Ineivan

Woasaffing waiilen

$ufi 15 i we. 2518
AFFNAATYAT NI TULDUNA 1Y)
BiannsetinduazneNRANDT

aaniuma Tuladwssesundudgunnis
21ANIZ

2541

FUTIFNT AWMU 819136 1 52U 5
Madneuiiumes auzInnmansuas
malulay

a [ u a 4
UNTINGTAYITIBANITFUATUNT





