
.4^/- 1,,4 I
I'.t I/i

Shu-Ching Chen, Mei-Ling Shyu, and Naphtali Rishe,

"Modeling Interactive Multimedia Presentation S ystems
Using Augmented Transition Networks,"
First International Workshop on Intelligent Multimedia
Computing and Networking (IMMCN2000), pp. 643-646,
February 27-March3,2000, Atlantic City, NJ, U.S.A.
Contact=Shu-Ching Chen



Modeling Interactive Muttimedia Presentation Systems
Using Augmented Transition Networks

Shu-Ching Chenl Mei-Ling Shyuz Naphtali Rishel

1 High-Performance Database Research Center, School of Computer Science,
Florida International University, Mia-i, FL 33199

2 School of Electrical and Conputer Engineering, Purdue University,
West Lafayette, IN 479A7

.: fibstract
: ,.'

:,' In intera"cti'r/e multinedia preemtationa, ue€r8

i OoUa have the fl€dbiliby to d€ci& on ra,rious B@nar-

' ioo they vant to s€e. This m€ans that twevay c@mu-
. nicatioe ahould be captrred bythe conceptual model.

I Aa abshact sq-a.tic mod€l, tbe argmoted tranaitio
!i aetwck (ATN), ie prcpos€d for modeling ueq irt€E-

i. actione in multimedia preeentatioe. h AINo, each

$.,rtate node allowe nultiple outgoing arcs to nodel po-
j_'t€ntial user htsactions. At the decisio poiat, tbe
[; ndtinedla preaentatim syet€Ea cap uB€ thie idorna-
i tior to display s€l€ctbn bubtons Eo usenE ctr- -al.e
$ th€h 6oicee.

i,,i Tbe auperiority of modeling user interactbns with
{, mn inst€ad of the Timeline model or th€ Object
i Compooifion Petri Nst uodel ig diacuos€d in tl"is pa-

i, po. O* resultg ebor that the ATN ie €fi€ctiv€ fG
It modeling user iltsacti@s in a multinedia pes@ta-
# tion environot.
*
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Many onceptual modele do not allow us€r interac'
tioe itr nultinedia peeotatios [1, 3, E, 9, l1]. In
tbege nodele, tfie peaentation must follor the uig-
inal deaig! and there is no vay frr us6E to int€E-
act with the pres€utatim. In othe vcrde, they do
not allow the deip and inplemotatbn d urlti-
ple choice usq-dir€st€d peoentatios. Mauy pph-
catbne euch aE rmrltimedia dosum€nt Etst€ms, digtal
libra,ries, and video Sarn€s rsqufu€ t"his u8€r intcasti@
ftatrre. Mo€orr€r, when documeut aize increse, tbe
oomplexity d the nodel increas€e. Tbis complexity
can make it rcry difficutt for us€rs to understmd tbo

repneaentation of aeguoces vheu the uodel incfudes

-any media shea,ms and a great deal of cmhol in-
bruatio. Ae m€ntioed in [?], the moot preralent
t€mpcat rnodel is th€ finoline [2], which aligns all
weuda on a aingh time axig. Although thie model pro
vides a simple md graphical rcpr€s€Dtation, it doea not
model ue€E iutaac-tio f€atues becauee it requiree a
total sp€cificatim of all t@poral relationahipe an@g
rnedia objeicts. In a video game, fc ocample, uoerr
need to ue€ tfie computer's mous€ to select from rar-
ioug sc€narios bas€d on their decieiona as the ga,me
proceeds. A ni.gb tinelin€ does Dot work here be
caus€ the etari time of one eel€ct€d sc€nario is horrrr,
but th€ €rxd fin€ can not be loown before ug€m make
their choicea. In cder to rolrc thio problen, difier-
eut timeliuee are mquircd to model difierent s€lecbion
paths. Exba crrmmands are aleo ueeded to explain the
poesible sel€ctio paths.

Little and Ghafoor [9] ptoeos€d m Object Cmpo-
gitio Petri Net (OCPN) model, based on tbe logic of
tm.poral intsvals and Timed Petri Nets, to store, re-
bieve, and m-"'ir-icat€ between multinedia objecta.
OCPN is in the fcn of a marlei gwl\ n earh place
in an OCPN has sactly oD€ iagqning arc and ca€ out-
going arc. A ma*,d Wph cm only nodel tboee ryr
tm.s wboge oouhol flow does aot branc.h. This meaDs
that it can uodel parallel ectiviti€8 but not alt€rnafi've
activitieo [0] eue aB uo€r iuteractios.

Since each etat€ node in aa auguented fa$itiou
netwuk (ATN) aflovs multiple outgoing arcs to Eod€l
multiple s€l€ctio patbs, urera can make s€lectione
bas€d o tbeir preferenoe. Difierot choicea bad to
difierent preaertatio E€grtenc€s. This dlows user iD-
tsastions to be uodehd in ATNo [4, 6].

T[e rest of the paper is oganized as foilowo. In Sec-
tio 2, a Timeliae uodel that allors us6 intsa.ctioa

&3



[--I_l ,u-
i--i-l-o

nreaoo/ '-&,T*.
r_l
I I Y- I II L_____LJ r r V_ r

I I 'rz I I I 'r, 
I

L---.r----------i 'fiaG I l-T .r,-.
t3 t4 tJ t.

--'\- 

-z/--- 
-.""o ---''{_trEl*Ir-Ell,.r:*tr 

+ 
tj

3
a

Figue l: Timeihe model with mmm.anda in ue€r s€-
lestions.

to be modeled ie hb'oduced. Tb€ dffictdtiee mcoun-
tsed ia using the OCPN nodel to a.odel ues iDtq-
aCcione ia also preaated. Section 3 <iiscuss€s hov use
intcactione are modeied by tle propoeed augmmted
transition network model. C,nndusions are dravn ia
Secbion 4.

2 Related Work

Ir this s€c6on, the Timeline model aDd the Object
Composition Pebri Net (OCPN) model are diecuBs€d.
We gbov how the Timeliae model is u8€d to model us€r
interactione and vhy the OCPN model has d;trculti€B
*;15 -sdeling us€r iDt€ractbDe.

2.1 Model User Interactiors Using
Timeline Models

Tb€ firn€lirs urodel provides a simple a,nd graphical
repreaentation. All nedi;a she4mg a,re aligned on a
ringle time axie. Based on the r4reeeutation cf this
model, uEEE can easily see the temporal relations of
ea& medi;a sheam ia a preaentation. Tbe problernr
aris€ who re try to nodel user iDt€ractione with tbis
nodel.

Figrnes I md 2 a,re two timeliues tbat nodel ue€r
sel€ctions. In Flgure 1, Iz1 (Video f) md T1 (Tecrt f)
a,re displayed begiming at time tr and ending at time
.1x. Tbe preeentation tlen provideo two s€lection but
tms to lst us€rs mal.e a s€l€ction. If 81 ie &osen, I/2

Figure 2: Timeiiae modei with no co--ands i! us€tr
e€l€ctions.

and 
"r 

are dieplay€d from tine ts tbrough time tr. If
32 !e choaen, % and Ts, with the saxne duration as 72
ard 

"1 
are diaptayed. At time ta, both s€iectioD paths

nerge and b€gin to diqplay Y+ udTt. fhie meane tlat
regardlese of vheth€r Br cr Br is cboeen, tbe preren-
tation vill share the aa,me presmtatiou eeguene after
tino tt. Figr:re 2 r4reamts the same sc€nario as Fig-
ule I by uning only a timeiine with no commando. AB

Figure 2 sbove, it is d;fFcult to lst usera uaderata,ud
tie sel€ction B€gu€Dc€s witbout additicnal omnandg
and arcs.

2.2 Modei User Interactions Using the
OCPN Model

The Object Compoaition Pehi N€t (OCPN) model
ia bas€d on the logic of temporal irt€vals and Timed
Pstri Nsts. This model can be us€d to store, reEieri€,
and mmuraicate bebwe€n multinedia objects. OCP N
is in the form of a marlcrd gvrph n that each place io
an OCPN has ocactly 6s incoming arc and on€ out-
gong arc. Therefce, an OCPN cao only model thos€
rystme vhos€ control flov doea Dot branch. Eence, it
can model pamllol activitbs but not alternatira zuch

as uo€r iDtcactios. I! applicatbns zu& as computc-
aid€d insFusti@ (CAI), the aituatio depist€d ia Fig-
ure I can happen F-ce CAI applications may involrrc
ecrtensive tcrs.way crtmnunicatbns md diftgest gel€c-

tiona nay occasionally merge togethc. In tbes€ sif'
uati@6, the overhead i'herent ia the OCPN model
nalrp6 jl ecAenairn fc inFlementing a rnuii'-edia pre-
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g Model User Interactions Us-
ing Augmented Transition

I$e augmeutcd baneitio uehtork (ATN), dst/€l-

oped by Woods [f2], has been r:s€d in natural lan-

fuage understmdi.g systoe and quertio alrveriag
;yst€-s for both text and sp€€ch' We use th€ ATN

as a gemantic model ftr -rltimedia presatatioa [4],
rultimedia databas€ eearding, tbe temporal, spatial,
or apatiotemporal relatbno of .rarious nedia gbeams

ard s€mautic objrrta [5], and nultimediatrowdlg [6]
A multimedia pneeentation oonsists of media

stran n that am displayed togetber or aeparately

aoose time. The arcs in an ATN r€preE€qt the time
flow from one stat€ to anotbr. A! AIN ca- be rep
res€Et€d dia6rar"-atically bv a labeled dhect€d graph
called a hwl"satill.n fapft. ms AIN grammar consists
of a ffiite set of nod€s (rtatea) onect€d by lab€led
dhect€d arcs. An arc rsprss€lte aD allorrable bmai-
tio from the stat€ at its tafl to the stat€ at its h€ad;

the lab€lod arc rcpr€s@ta a traDsition fimstio. An
input string is acospt€d by the graenar if there ie a
path of tra,nsitiog that correrponds to the o€queDco

of rymbols in the string and that bads fiom a sp€ci-
ffed inifid stat€ to oD€ of a est of sp€cifi€d ff.al stat€a.
ATN difters fro- a fi"ite stat€ autoata in tbat it
pernits recursbn, ao u ATN ig a rcr,'ursiw tnrrui-
tbn ndwork Ead nonteaminal symbol oonsists of a
subnetwork that ca. be us€d to uodel tbs t€mpcal
and rpatial cbaragtsistics of s@arrtic objecte fc im-
agee and vido frans md of byrvods for texts. In
additio, a nrbnebmrk can repreaert another r€8EI-
tation. Any &ange in one of the subDstworks vill
autuatically &mge any preeentatioa that iDdud€s
tbese Eubnehrcks. It ie difficult to deign a "'ulti-
mediapreentatio from acratch ueing today'e author-
iag euvironeota. The subnetwoke iD ATN albw de
aipsr to us€ €xisting preeeutaticn s€gu@c€o in tb€fu
ar&ives, which malee ATN a porerftl nodel br cre
ating a nsw preeeutatico. Thig ie nimilar to tbe ctqtc
in the objecf.oieatod pa,radigE.

In ATNo based on the s€l€ctions of uaca, an rrput
B')'ebol is r€a^d and the coreaponding coditios and
actioDs are usod to pass ontol to tbo doft€d Btat€ 80

the pres€ntation c& cortiuue. lberdce, AIN aflowe

uest€d s€l€ctioDe and mergeo br tbe s@ario i! Flgue
l.

Aa ehown in Figrre 3, arc q'nbol l/rt/rr in arc utu-

aaa

Ect P,rY.&\

Figure 3: Aug:mented trmsitio netwok vith ue€r iD-
tsaction.

ber I repeente that I/r and ?1 ale displapd together.
The & symbol aa d€6D€d in [6] denotes concunat di8.
play. Afte yl ard 

"r 
aredisplayed, tbe corh,ol reaches

a stat€nod€ naned PtfVtA\. This stat€nanemeane
that at thie etage preoentatio P1 ffniabes the dieplay
of -edia BEsanE Yr ed ll'r. Then, tco sel€ction but-
tone 81 and Il2 @ arc nunber 2 are displayed. Tte
coutrol reacb€s a stat€ node na,med PtlBt&h. If Br
or Br is selectod, tben arc uruber 3 or arc number 4
is travesed, reepectirpb. Tbe control is doe by the
conditbn/action table a8 shown in [ ]. After Br ie
E€hct€d, rc rumber 6 ie trarrcrs€d nd Vt a,nd 

"r 
a,re

displq'€d. Otberwiee, Il2 is aelecied and lzg and ?a ale
displa]€d. Tb€n, arc nunber 7 o 8 is trarcre€d. Ihe
arc ry.nbbls are t'he Ff,n€ for both arc nuubem ? and
8, vhich viX dieplay Yr ed f{. Two s€l€ctios tho
nerge at a staf€ node nased PtlVzWz or \fYgkTs,
deeoding o tbe sel€stie path that rras previoualy
sebcted, a.d uc numba 5 is traverE€d.

througb this cample, ve clearly abow tbat an ATN
can model ugc interactbns in a ningle fraorewuk, rm-
lilre timeline nodels that D€€d to have eev*al titreliD€a
to model the sars aituatio.

4 Conclusions

In this pqpar, m popoeed an abshact g€mantic

-od€lr the augmoted transitio D€tvul (ATN), t,o

nodel irrteractiro multimedia preeentatioa ByBtcEs.
By ud.g the featue that alore each etat€ node to
harn nultipb outgoing arc8, uoer irtecagtioDo in uul-
timediapeeutatios cu b€ nodeled by tbe proposed
ATN model. hamplea Ehowilg the d;ffisulti€s and
o'rerhead brought about by modeling usc iuteractioo
with the TtueliDo model and the OCPN model am
aleo p€s€sted in thie pap€r. As ws have ehorm, ATNs
haro advautageo over the finelins aod OCPN models

in nodeling uaer iuterastions in nultimedia preeentar

tio ryetme. UDtike tbe Timeline model, whi6 needs

to ua€ difter€rt tinelinoe to model ueer eelectbna, and
the OCPN rnodel, which haa diffisulty in modeling ruer

P,r\ &\ P,r B, &8,

64s



seiections, the ATN model can be ue€d to model ue€r
s€lections in a aingle frasrevork. Therdore, the ATN
model is good to model appiications whie.h require a 1ot
of hurnan bteraction sue,h as computer-aided jlsFuc-
tion, rnultimedia docr:ment ryetems, digital libraries,
and video ganes.
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