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ABSTRACT

As a step towards enhancing users’ perceived medtianquality
levels beyond the level offered by the classic audual systems,
the authors present the results of an experimesttaly which

looked at user's perception of inter-stream syneization

between olfactory data (scent) and video (withelgvant audio).
The impact on user's quality of experience (by @abering

enjoyment, relevance and reality) comparing synebus with

asynchronous presentation of olfactory and videodimeis

analyzed and discussed. The aim is to empiricadifind the

temporal boundaries within which users perceivaabtiry data
and video to be synchronized. The key analysis evegpthe user
detection and perception of synchronization ergtate of the art
works have investigated temporal boundaries foaobifry data
with audiovisual media, but no works document titegration of
olfactory data and video (with no related audioheTresults of
this work show that the temporal boundaries foaclry and
video only are significantly different from olfacto video and
audio. The authors conclude that the absence déxwal audio
reduces considerably the acceptable temporal boyrmEween
the scent and video. The results also indicatedlfiattion before
video is more noticeable to users than olfactiderafideo and
that users are more tolerable of olfactory datarafideo rather
than olfactory data before video. In addition theults show the
presence of two main synchronization regions. Wigk is a step
towards the definition of synchronization specificas for

multimedia applications based on olfactory and eidedia.

Categories and Subject Descriptors

H.1.2 [nformation Systems]: User/Machine Systems Human
Factors H.5.1 [Information Interfaces and Presentation]:

Multimedia Information Systems Atrtificial, augmented, and
virtual realites H.5.2 [Information Interfaces and

Presentation]: User Interfaces Evaluation/methodology

General Terms
Human Factors, Design, Experimentation.
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1. INTRODUCTION

Multimedia systems have been characterized by ritegiation,
combination, presentation, storage and communicatiaf
independent discrete and continuous media such tad;
animation, graphics, images, audio and video. Tddayresearch
community is extending this list with so-called newedia like e-
touch [1], e-taste [2] and e-smell [3]. The ressithe emergence
of multisensory communication and experience. Tdt@male of
enhancing multimedia applications to stimulate mdten
audiovisual senses is to increase the user's QuEliExperience
(QoE) [5]. With a significant demand already placed the
audiovisual senses, another avenue to increase iQd&ough
stimulation of the other senses. Olfaction is tease of smell.
Recently, scents have been used in multimediaaiticplar with
movies as it is assumed that presenting the sceotding to the
scenes would deepen the viewer's understandingsande of
reality [6]. In addition, we can now find the usé afaction
across other industries in the literature; gamig pealth [8],
education [9], training [10], tourism [11] and ern&nment [12].

Research on modeling and analyzing the human p&voepf
multimedia experiences is an active topic [3][5][18][20][21].
It is now accepted that objective measures aloneadaeflect the
end user perception of a multimedia experiences Tdgus on the
user is generally referred to as Universal Multirmeixperience
(UME). It has been shown that humans perceive stifédrently
based on a number of factors, including age, oeiltumood,
gender and life experiences [22]. Interestingljleliresearch has
been carried out in terms of perception of olfactdata with
other media [3][4][16][23][24]. With olfaction, howthe user
perceives the experience is particularly importaohsidering the
number of characteristics that affect its perceptio

With respect to multimedia systems, synchronizatienthe
process of determining and maintaining temporahti@hships
within and between media. Inter-stream synchroitinaihvolves
the maintenance of temporal relationships betwedferent
streams e.g. audio and video. A difference in priegion times of
related media data objects of different media itedathe inter-
stream “skew”. Two media streams perfectly synctaeoh have
no skew, i.e. 0 ms. Synchronization in multimedystems is
required when transmitting the above mentioned tiftependent
media streams (audio, video, haptic, olfactory )etacross



communication networks as the temporal relatiorshiptween
these streams can be disturbed because of neteggkdelay and
jitter, resulting in asynchrony.

The focus here is to determine, based on user'sppetive, the
temporal boundaries within which the level of irstream skew

between olfactory data and video are viewed as gbein

synchronized. In this paper, the use of the temewireflects the
use of visual media only, the term audiovisual nefeo the
combination of audio and video. When compared wWith],
where the relationship between olfactory and audial media
was studied, the results here show that the renmfvabntextual
audio has a significant impact on user detectioskefv, the scale
of acceptable skew, as well as impacting realigyewvance and
enjoyment. Cross-modal effects, i.e. the interactb the senses,
can have a major influence on how environmentspareeived,
even to the extent that large amounts of detaitgieed by one
sense may be ignored when in the presence of atiee
dominant sensory inputs [41]. Without contextualdiau the
contribution of this work is to define the temponadlations
between olfaction and video only using subjectitedi®s. In
terms of application areas, this work is applicatdeon-line
immersive gaming whereby the music or audio maydescribe
what is visually being presented, as also may becétse with TV
(and which was the case with some of the videod irsglL6]).

The remainder of this paper is organized as follo8ection 2
discusses related work, Section 3 presents cha&engsociated
with the synchronization of olfactory and video rigzednd Section
4 describes the components of the olfactory aneovichedia
display system used during the subjective testigction 5

outlines the assessment methodology employed, dbecSi

presents the results and analysis of the complstdgective

testing and Section 7 discusses our conclusionsimadtions for
future research.

2. Related Works

A fundamental requirement of any multimedia appima
including those enhanced with olfactory data, iscéyonized
display of multiple media. Research on synchromzabf multi-
sensory media applications is an active
[15][25][26][27][3][4]. In the context of standamhtion, MPEG-
V defines metadata representations for olfactotg danong other
sensory effects as part of its Sensory Effects ihmsm

Language (SEDL) within Sensory Information (par{23].

In contrast to the traditional style of consideringtwork delay
and jitter for determining whether or not multipleedia were
synchronized, now the users’ perception of the medperience
is accepted as an important consideration. Litttgkwhas been
documented on user perceived inter-stream synctaton of
olfactory data with other media, with [16][29] faudiovisual and
olfactory, [4] haptic and olfactory being the extieps. The
methodology used in these works was originally doeated in
[17][30]. In [17], inter-stream skews were artifity introduced
between audio and video (lip synchronization) ttedwaine the
acceptable user perceived temporal synchronizatomdary.

Works attempting to address the issue of scen¢éting, approach
this from the scent emitter perspective [33][34][36]. These
works focus on the hardware that enables contr@hatssion of
minute amounts of scent. The aim is to minimizensdi@gering
and “enable the instantaneous switching of sce®S] through
the precisely controlled presentation of olfactadgta. It is

researcba ar

arguable that these works are dealing with olfgcttata from an
intra-stream perspective. [24] reported a novedtem for
presenting movie with smell using a head mountedctury
enhanced display. In addition they suggest a guieeklevant to
the display of smell with audiovisual informationcé that “the
period between certain smell and another diffesenéll should
be longer than 5s”.

In [16], the methodology of [17] was employed tdide a user
perceived temporal boundary within which audiovisdata is
synchronized with olfactory data. The authors idtreed artificial
inter-media skews between olfactory and audiovisnetliia and
asked assessors to qualify their experience. Iitiaddo defining
audiovisual and olfactory temporal synchronizatimoundaries,
they analyzed the impact of asynchrony in termamfoyance,
distraction, enjoyment, sense of reality and sesfseslevance.
The researchers found that olfaction before audi@licontent is
more tolerable than olfaction after audiovisual teoh Their
work [16][29] is the closest to our work found inet literature.
The key difference is that, while they focused dfaation and
audiovisual media, here the authors focus on thapaoeal
relations between olfaction and video media onlyd{a is not
related to video). In the next section, we intragaad discuss the
olfactory and video media display system that wesgetbped to
enable this work.

3. Olfactory and Video Synchronization

Adding olfactory data as a media brings a numbechafllenges
not common with text, graphics, audio or video rme@mell has
a tendency to linger, it is slow moving media, ‘ikal the

transitory nature of audio and video” [22]. In ailuh, it is

important to recognize the existence of a numbeplEihomena
associated with the olfactory sense. These areusisd in the
following section.

3.1 Characteristics of Olfaction

Unlike video or audio, smell is a chemical mediantdns detect
odors based on the interaction of odor moleculeth wmell
receptors. Olfactory adaptation occurs when assessoe
subjected to continuous olfactory stimulation. Hemsory nerve
activity decreases to a level where assessorsifinéficult to
perceive stimuli or don't perceive at all. With themoval of
scents, perception is generally restored withinea finutes.
Anosmia is another olfactory related phenomenonrelhethere
exists a lack of sensitivity to olfactory stimult. can be total,
partial, permanent or temporary. It may result mimability to
perceive one or many different odors. Olfactoryesimolds are
values that express the amount of scent stimulysined to give
an olfactory sensation. A number of sensory rel#ttegsholds are
described in [37]. The detection threshold for angdia is the
minimum value of a sensory stimulus needed to gise to a
sensation without the sensation needing to be ekkfifThe
olfactory detection threshold “has strong appeatahee it
measures a feature of perception and performangehysical
units of concentration” [38]. The recognition thmek is the
minimum physical intensity of a stimulus for whielm assessor
will assign the same descriptor each time it isspnted. The
terminal threshold is the minimum value of an irs&rsensory
stimulus above which, no difference in intensitp t& perceived.
In this work, the term detection instant is defiresithe time at
which assessors recognize the existence of an ddhds. work
analyses this instant in terms of the assessorepgon of the
synchronization between olfactory and video media.



4. Experimental Set-up
This section outlines the olfactory and video dagpllaboratory
design, assessors as well as video and scentsrues work.

4.1 Olfactory and Visual Media Display

The following hardware and software were usedHerdubjective
testing. As per Fig. 1, the olfactory and videoptiy system
consists of theSBi4 — radio v2 scent emittgiitem Y sitting on
laptop) from Exhalia [31]. It presents scents bywihg air (using
4 in-built fans) through scent cartridges. In vens? of the SBi4,
it is possible to control the intensity of the scamitted by
altering the fan speed. The greater the fan spbedgreater the
intensity of scent presentation and the quickes ipresented to
the assessors olfactory field. SBi4 can store ugdotor scent
cartridges at any one time.

Fig. 1. Olfactory and Video media display system.
Fig. 2 shows the SBi4, scent cartridges and thpdkesextension
that was designed and added to the SBi4 as shoWwigifh (Item
Y). The purpose of this extension was to facilitate accurate
presentation of the scent to the users’ olfactietg fas opposed to
a more general presentation. Based on the SBi4ylie5 meters
from the assessor, it was found that it took assedsetween 2.7s
- 3.7s to detect the scents depending on the séanther
discussion of how this was determined is documeirteskction
6.1. The cartridges of SBi4, exposed during openatare made
from scented polymer balls. Initially with the SBidrtridges, it is
possible to detect odors in advance of any fansingn(due to
natural vaporization); however after 2-3 days, deatele odors are
minimal and for most scents, not possible to det¢cill when
fans are not running.

The SBi4 system is controlled using the Exhalisajaased SDK.

It is connected to the laptop via a USB port. Thees content
was played usingthe VLC media player 1.0.1 Goldeneye
Presentation of the scent and video sequences wmtsolled
using a special program that was developed to presenthbot
synchronized and skewed media componesgsper section 5.2.

The laptopis windows 7 professional, Intel Core™ 2 Duo CPU

@ 1.66GHz with 2GB RAMThe display screen was 21 inches
with a resolution of 1024*768.

During the testing, assessors were seated at #tmgebooth
shown in Fig. 1, in the experimentation room asash Figure
3. In addition, Fig. 1 also includes bottle of waterthat the
assessors placed under their chin during testiigg (F item Z).
The purpose of this was to have consistency aelbassessors in
terms of the location of their olfactory fields agdless of posture
or physical sizeThe fanin Fig 1. (Item X) is turned on between
test sequences to remove any lingering scent.

Fig. 2. SBi4 V2, scent cartridges and bespoke extension.

4.2 Laboratory Design

The design of the test laboratory is in accordamith 1SO

standard [32], “Sensory analysis — General guidafcethe

design of test rooms”. The aim of this standartbislesign test
rooms such that it is possible (1) to conduct senswaluations
under known and controlled conditions with minimdistraction

and (2) 4o reduce the effects that psychologicatofa and
physical conditions can have on human judgment. Mmemum

requirement for the creation of test rooms area(igsting area in
which work may be carried out individually in tewjibooths and
(2) a preparation area. Fig. 3 shows a plan vieth@freparation
room and storage room for samples (room A), expamiation

room (room B), and waiting room for assessors (ré&@mWalls

in the test room are Matt off-white. One temporgasting booth
(Fig. 3, B1) is situated in the corner of the tesm to minimize
distraction. Assessors complete questionnaires geeion 5) in
the furthest point form the testing booth (B2). STailows time for
scent to diffuse, minimizes adaptation, gives assssa break
between each judgement and avoids assessor béingniced by
lingering scent in the air.

Fig. 3. Plan view of experimentation room (B), preparation
room (A) and meeting room (C).

A sign restricting access to the test room is pbstetside the
door. The preparation area is located adjacertigéddst room as
shown. Assessors do not have access to this roorallyf the

office is where assessors have the opportunitysto cuestions
and sign necessary documentation in advance ofestys shown
as meeting room C in Fig. 3. Whilst no ventilatieystem exists
per se, the test lab is large, has 3 doors anddditian has
multiple windows to remove scent from the test aheaaddition,

between viewing clips, the fan was turned on toawsrningering

scent.

4.3 Assessors

A total of 43 assessors (20 female, 23 male) taokip the study.
This group included people of multiple nationaltidetween the
ages of 19 to 56 from a wide variety of backgrounpsst



graduate researchers, academic staff, professiamalsnembers
of the public. In order to be eligible, assessoosld not be
involved in any sensory analysis testing in thenyeminutes
preceding the tests. In an attempt to provide coimation free
results, assessors must be free from colds or; fluisst avoid
wearing perfume, aftershave or scented deodorantseday of
the testing. In addition they were requested toicaxahewing
gum, eating food, drinking tea or coffee in ther8iButes prior to
the test.

4.4 Video Sequences and Scents

Six videos used (kindly provided by the authorg1d]) were of
90s duration (audio was removed). Each of the vidigs can be
divided into three 30 second blocks whereby thediri®0s block
contains content related specifically to the sdeihg presented.
The clips contained documentaries, cookery progrants news
shows, and were chosen and altered such that tHdlenBOs
segment corresponded to the content relating tootfectory
media [16]. Each of the six scents chosen alsohedtthose used
in the work of [16]. The scents of flowery, foutuity, burned,
resinous and spicy reflect a “fair distributionioat between what
can be termed as pleasant and unpleasant smejbdat®. These
scents are widely used in olfactory research [14][Using the
same videos and scents enables a direct compdretareen the
work of [16] which tested olfactory and audiovisumédia and
this work. This comparison is discussed in detagection 6.4.

5. Assessment M ethodology

On arrival to the meeting room (room C in Fig. 8sessors were
provided with an information sheet documenting wiveds
involved in participating in the tests. Any quesBo were
addressed and assessors were required to signsantoform.
From here they were brought to the experimentatimm (room
B in Fig. 3) where testing was carried out. Assesseere told
that they would see six video clips twice and ttinet first time
they saw each clip it was “the reference sampléeyTwere told
that the second time they saw each clip it was'sheple under
test”. They were requested to “answer the queséivaron their
experience of the sample under test”.

Table 1. Rating scales for each of the statements/questions

(Likert Scale)
Score Statement 1 Question 2 Statement 3,4,5
5 Too Late Imperceptible | Strongly Agree
4 Late Perceptible but | Agree

not annoying

3 Neither Early | Slightly Neither Agree or
or Late annoying Disagree
2 Early Annoying Disagree
1 Too Early Very annoying Strongly
Disagree

5.1 Questionnaire and Rating Scale

A number of approaches exist in the literature fdfline
subjective evaluations of multimedia applicatiofife absolute
category rating (ACR) method proposed in BT.500] [2@juests
participants to provide an ACR score from 1 to Shéng best)
after observing a single sample. With this approdlicare is no
reference sample and scores are given based onexgertise.
This leads to non-uniform distributions of ratingoses, which

can invalidate subjective results [18]. Specifigdlt relation to
olfactory media, considering the variable percaptid olfactory
media, this issue is exaggerated. In addition, faekd from
assessors during preliminary testing indicated that“novelty”
of olfactory media made even large errors templgradceptable.

ITU-T P. 910 [40] proposes an alternative assessmethod to

address the reliance on assessor expertise byieggaaticipants
to two media samples of different qualities and irgiv a

comparative rating score. The first stimulus présein each pair
is always the source reference, while the secointukts is the

stimulus under test. This method is known as Degrad

Category Rating (DCR) or Double Stimulus Impairm&dale

method. To address the two issues highlighted glibissmethod
was selected for the subjective testing. The rafsresample was
always a synchronized presentation of olfactory widdo media.

The samples being tested included inter-media skiewarying

degrees (shown in Table. 2) as well as the syn@redn
presentation of olfactory and video media. For @liestions,

assessors chose one from the Likert scale, showahle 1.

The questions used have evolved from those askg#i7ihand
[16]. As part of the preliminary testing, a relilityi assessment
was performed on the questionnaire to ascertdheipurpose and
phraseology were clear and comprehendible to amsess
Discussion with each assessor was undertaken, deledtvas
recorded and necessary amendments were made talrdfte
questions. The questions explained in the remairafethis
section are the final versions updated after feekmmments
were considered and following review by a Psychisiog
Assessors were asked to select one of the fiveilpesanswers
per question as per table 1 relative to their arpee of the
stimulus under test.

The first statement aimed to determine assesstityato detect
the existence of a synchronization errdRefative to the content
of the video clip, the smell was releasedssessors answered by
selecting one of the five possible answers as showder
statement 1 in Table 1. Question 2 aimed to det@ntiow
tolerable assessors were to different levels of skew. Heheg
were asked to qualify their annoyance of the intedia skew by
answering; In the event that you may have perceived the video
clip and smell being out of synch, please indidht extent to
which it impacted upon you. Please select the gmaie option
below that reflects how you would qualify”it®s per answers for
question 2 in table 1, assessors had the optiaeletting one of
five values that reflected how they perceived trechronization
error (if it existed) in terms of its annoyance.eTimean opinion
score (MOS) of respondents was used to determimaotbrable
level of skew as well as deriving a level of anmm@a graph as
shown in Fig. 7.

The final three statements were included to analyeempact of
inter-media skew on the user experience. Assesggnes asked to
select one of five possible answers (see table chlesfor
statements 3, 4, 5) in terms of their agreemertt thi¢ statements.
The statements were ordered from general to beg specific.
To determine the impact of inter-stream skew, a&sB65
agreement with You enjoyed watching the video €ligvaluates
assessor level @hjoyment of olfactory data as a media when in
sync and explores any deterioration in this pefoapwith the
introduction of inter-media skewThe smell when presented, was
relevant to what | was watchingjueried the elevance olfactory
media had to the video when skews existed as opfptse



Table 2. Subject case 1 appliesto participants 1, 14, 27, etc., subject caseto participants 2, 15, 28 and so on

Case Clipl | Clip2 | Clip3 | Clip4 | Clip5 | Clip6 | Clipl | Clip2 | Clip3 | Clip4 | Clip5 | Clip6
Skew Skew Skew Skew Skew Skew Skew Skew Skew Skew Skew Skew
1 Os -30s -25s -20s -155 -10s -5s +5s +10s +15s s H20+25s
2 +30s Os -30s -25s -20s -15s -10s -5s +5s +10s s H15+20s
3 +25s +30s Os -30s -258 -20s -15s -10s -bs +5s s H10+15s
4 +20s +25s +30s Os -30s -25s8 -20s -15s -10s -5s s +5+10s
5 +15s +20s +25s +30s Os -30s -28s -20s -15s -10s 5s + +bs
6 +10s +15s +20s +255 +30s Os -30s -2bs -20s -15s10s A -bs
7 +5s +10s +15s +20s +25% +30s (OL: -30s -25s -20s 5s -1 -10s
8 -bs +5s +10s +15s +203 +255 +30s 0s -30s -25s s -20-15s
9 -10s -bs +5s +10s +153 +20s +25s +30s Os -30s s -25-20s
10 -15s -10s -5s +5s +10s +15s +20s +25s +30s Os 0Os -3 -25s
11 -20s -15s -10s -5s +5s +10s +15s +20s +25s +30s0s -30s
12 -25s -20s -15s -10s -5s +53 +10s +1bs +20s +25330s Os
13 -30 -25s -20s -15s -10s -55 +58 +10s +15s +20s 25s 4 +30s
+ 3is Skew
———————— - 7 =
+ 255 Skew
-————————— - 5
205 Skew
-——————— —— -
+ 158 Skew 5 -
-————————— - “ T -
Start and End times for +10s Skew - -K
Presentation of OMfactory Data + 55 Skew 8
————————— -+ o 3 —
s Skew w
Ssskew * 27
108 Skew * .
1% Skew * o -
Tosskew * & B e A ° < < o
- - & FF g F & §
-25s Skew \:}Q (30 el by = & & R
———————— - & O
Cdbsskew d’a;a o® § @
I I I I I I I I I I I T I I | | I - Scents used for detection time tests
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Video presentation time axis (in seconds)

Fig. 4. Video and olfactory media presentation times during
subjective testing.
the ass&sso

synchronized presentation. By examining

agreement with The smell contributed to a heightened sense of

reality whilst watching the video clipthe aim was to determine
the impact the level of skew has on assessorsesefr®ality of
an olfaction enhanced multimedia clip.

5.2 Introduction of Artificial Skews between
Olfactory and Video Media

In order to determine the perceptible and tolerélels of inter-
media skew between olfactory and video media, assesvere
presented with varying levels of skew (including siew) and
queried about their perception of the experien¢e dudio from
these video clips was removed using Windows Livevidimaker

Fig. 5. Detection instant per scent average and
maximum/minimum detection instants per scent.

and replaced with the sound of a blowing fan. Thensl was
added to negate the influence of the noise of ligwirom the
SBi4 v2 (which differed depending on which fan wasning).
Table 2, shows the skews introduced for each ofvitieo clips
and how it was divided across participants. Oneepttesentation
of the olfactory media was complete, a SBi4 fanhwib odor
cartridge was turned on to address scent lingering.

Fig. 4 shows how the olfactory media is presentedifferent

times relative to the video clip. For olfactory rieetb be in sync
(Os skew) with the video, it should be presentedtli@ middle

30s block (i.e. from time 30s to time 60s on thdew presentation
time axis). Olfactory data before video contentepresented by
skew times of -30s, -25s, -20s, -15s, -10s andasik olfactory

data after video content is represented by skews5sf +10s,
+15s, +20s, +25s and +30s.
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Fig. 6. Analysis of skew detection with confidence interval
based on 99% confidence level.

Assembling results to these questions under theditons

discussed provides a holistic view of the detectiod perception
of inter-media skew of multimedia applications lthea olfactory
data and video. It also enabled us to gather datdi® impact of
inter-stream skew on the user QOE. In the nextigedaif this

paper, the results from the experiments are predeeixplained
and discussed.

6. Resultsand Discussions

The results of the subjective testing discussedaboe presented
and the definition of temporal boundaries for difsg and video
synchronization is explained.

6.1 Preliminary Experiment: Measurement of

the Detection I nstant.

Because of the slow moving nature of olfactory dadenpared
with audio or video media, it was critical for tegnchronization
study to determine how long it took assessors tteatlethe
presence of odors once emitted. 15 participanted@, 6 female)
were presented with the 6 scents twice in randataroAssessors
clicked on the mouse once they detected a scent.wAs
considered it took 1 second for assessors’ reaetiah click on
the mouse we determined, on average, but per doentjong in
advance the olfaction device’s fans should be esfairt order to
ensure timely presentation to the users. Based®18Bi4 being
0.5 meters from the assessor, it was found thtmtoik assessors
between 2.7s - 3.7s to detect the scents dependitige scent as
per Fig. 5.

6.2 Detection and Perception of Error

Figure 6 gives an overview of the results of staeinl, to
determine users’ ability tdetect levels of inter-media skew. The
vertical axis shows the five possible answers testjan one i.e.
when the scent arrived relative to the video. Thazontal axis
indicates the level of skew artificially introducdzbtween the
olfactory and video media with the negative valuggresenting
olfactory media before video media. Analysis of.Fdghows that
assessors were able to identify the existencetef-siream skew
very well. It also indicates that assessors werechmmore
sensitive to scent that was early rather than tetseed on the
comparison of skews before and after time 0s. Dicemparison
of MOS scores at skews of +5s and -5s show thaMi®&S for
+5s of 3.59 was much closer to being at the “cortene”

(represented by a value of 3) as opposed to thee\afl1.74 for -
5s. Interestingly based on MOS comparison, assesgewed
skews of +15s and -5s similarly in terms of beirayeLor Early
respectively. In order to analyze if significanffeliences existed
in  participants’ perception between synchronized d an
unsynchronized scent and video, the data collewtesl analyzed
using paired sample t-test. With 99% confidencellethe t-tests
showed for all levels of skew between the olfactbata and video
that the significant two tailed p values were lghan 0.01
(p<0.01) (+5s had a two tailed p value of 0.000Q08% had a
two tailed p value of 0.000000007) and hence itlmaconcluded
that there is a statistically significant differensetween the mean
of the synchronized and mean of participant resgorfer the
“skewed” release times for detection of skew.

The task of question 2 was to determine the effest the skews
had on the perception of the olfactory-video clifhe effect an
error has is key to determine temporal boundaréss,works
involving other media have shown that users cagratd certain
levels of skew [16] [17]. Hence, assessors wereds qualify
the level of impairment the inter-media skew had thre
experience when comparing it to the synchronizefgreace
sample. Fig. 7 shows the MOS for level of annoyaiocenter-
media skew. Scores of 1 or 2 or 3 represent theepéon of the
skew being annoying with scores of 4 and 5 repteasema
tolerable skew level and imperceptible error reipely. In the
next section we discuss how these results arepiretiexd to define
temporal synchronization boundaries of olfactortadend video.

As was the case with data collected for statemeet a paired
sample t-test was run with a confidence interva@@¥o assessing
significant differences in assessors’ perceptionging the
perfectly synchronized case and the cases whergsskristed.
For skew size of +5s, the results between an ic-syrd skewed
presentation were found not to be statisticallyigant, with the
significant two tailed value of 0.160 which is gerathan 0.01
(p>0.01). For all other levels of skew between tkfactory data
and video that the significant two tailed valueseness than 0.01
(p<0.01) (-5s had a two tailed p value of .000000€10s had a
two tailed p value of .000002), hence it can bectated that
there is a high statistically significant differenisetween the mean
of the case of synchronized presentation in coraparivith the
“skewed” presentations except skew of +5s.
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Fig. 7. Analysis of annoyance level per skew with confidence
interval based on 99% confidence level.



6.2.1 Detection and Perception of Synchronization

Error Discussion

Findings from Fig. 6 support the plethora of litere that
recounts human sensitivity to, and ability to, detecent. If we
consider and compare the MOS values for correspgnslkews
i.e. -30s with +30s, -25s with +25s, -20s with +20kbs with
+15s, -10s with +10s and -5s with +5s, interestiogclusions
can be drawn. For skew sizes of greater than +2525s, the
differences in the assessor’'s detection are gdyesihilar.
However, for skews of video -20s and +20s, the Ms2Bres
indicate greater sensitivity to olfaction beforele®, than video
before olfaction. This is reflected in the verysdascores between
-30s, -25s and -20s (almost same MOS rating i.th detected as
almost “very early” 1.13s, 1.13s 1.28s respectivelythe +20s
value is analyzed, its rating is not as close &“tho late” rating
as the -20s rating is to “too early”. In fact th®©M rating (4.26) is
much closer to “late” than “too late”. This is exggated at the
corresponding 15s skews (i.e. -15s and +15s andkss (i.e. -
10s and +10s). Olfaction before video with a skéwl®s has a
MOS score of 1.46 or hence being classified asgoelaser to
“too early” than “early”. The rating for olfactioafter video by the
same amount has a value of 4.2 (much closer tonlateh has a
score of 4 than “too late” which would be reflectegda score of
5). Olfaction before video with a skew of -10 s laabOS score
of 1.67 or hence being classified as being betWeenearly” and
“early”. The rating for olfaction after video bydtsame amount
(i.e. +10s) has a rating of 3.9 (as opposed to e&SMCore of 4
which would be expected for a skew that is “late8% is clear
from the Fig. 6, this trend continues for skews+66 and -5s.
Considering this, it is plausible to conclude thHaction before
video is morenoticeable than olfactiorefter video.

In terms of rating the impairment caused by thestexice of a
synchronization error, Fig. 7 details the assesating of the
skews according to the degradation category ratiade. At large
skews of -30s and + 30s, the MOS scores reflecaleneasures
of annoyance (both close to the “annoying” ratimggh MOS of
2.38 and 2.18 for -30s and +30s respectively. ComgaMOS
scores for skews of +25s/-25s show similar ratingh early
slightly more annoying with in terms of annoyancighva score
2.31 as opposed to 2.49. Analyzing scores for slkefwg0s and
+20 s, again shows little or no difference with tbdteing
approximately 2.8, reflecting this impairment as tween
“annoying” and “slightly annoying”. The first sigidant change
in scores between scent before or after the videars at skews
of 15s. With scent 15s before video (or -15s) &ngabf 2.83
exists. The score is very similar to the rating-#0s and reflects
this experience as being between annoying andtlslighnoying.
Comparing this with the equivalent skew when oltactis after
the video, the MOS score of 3.38 is in the rangavéen “slightly
annoying” and “perceptible but not annoying”. Ttasighlighted
further when analysis of the -10s and +10s skewseiformed.
The MOS rating for -10s skew is 3.41 which is inviEen the
“perceptible but not annoying” to “slightly annogihrange. The
MOS value for +10s skew reflects that this skevalso in the
“perceptible but not annoying” to “slightly annogih range
although with a score of 3.63 with scent after widearginally
less annoying that scent before video. Anotherrésting result
occurs at skews of 5s. Scent presented -5s befde® \has the
same scoring rating as when scent is presented affdlsvideo,
with a score of 3.63, still in the “perceptible mdt annoying” to
“slightly annoying” range. However, scent presentéd is in the
“perceptible but not annoying” to “imperceptibleinge with a

score of 4.54. Hence, it is valid to conclude, doa®n the
comparison of MOS scores with olfaction before aftdr video,
that assessors aless tolerable to olfactionbefore of video than
they are of olfactiofter video.

In terms of defining the temporal boundaries foncdyonizing
olfactory and video media, these results reveat$inc” and “out-
of-sync” regions. These boundaries are based orth@)above
results that indicate assessors are more toletabdkews when
olfaction is after video and (2) A impairment ratinf above 3.5
i.e. between “perceptible but not annoying” and ighly

annoying” is the minimum standard to be adherethtorder to
support synchronized presentation of olfactory sinto media,
(3) do not consider differences in age or gendhemnt

e The in-synch region spans between a maximum skew of
-7.5 seconds when olfaction is before video, and a
maximum skew of +10 s when olfaction is after video

 The out-of-synch region for olfaction before video

spans beyond the skew of -7.5 s and skew of greater

than +10s when olfaction is after video

The in-synch region is based on the range wheresssss
perceive errors to be not annoying (rating abo% &s per Fig. 7.
Considering the assessor tolerance to olfactfter video as
opposed to olfaction before video, the span iselafgr olfaction
after video. This is plausible, in our everydayeBy we see first,
smell later.

6.3 Impact of Synchronization Error on User

Experience

This section analyzes the impact inter-media skieaxe on the
QoE of olfaction enhanced video clip. To address, thssessors
were asked to choose one of five levels of agreeméth
statements 3, 4 and 5 already outlined in sectidn Bhe MOS
results presented in the following sections compessessors’
experience of olfactory and video media with théstexce of
skew as against the case of synchronized presamiatiterms of:
sense of relevance, sense of reality and enjoyment.

6.3.1 Impact on Sense of Relevance

To determine the impact of skew on the perceivedseeof
relevance, assessors were required to express linadt of
agreement with statement 3 as outlined in sectidn big. 8
shows the MOS reflecting assessors’ level of agestnwith
statement 3 in the presence of varying degreemtef-media
skew. When synchronized presentation takes plassesaors
agreed that the smell was relevant to what theye weatching.
Also, it is clear that in the presence of largewskee.g. -30 s or
+30 s the sense of relevance is affected as the MiD&s show
that generally participants neither agreed nor giessd with
statement 3. Interestingly, the level of agreeméeteriorated
much more quickly as the levels of skew increasil wifaction
before video as opposed olfacticafter video. Fig. 8 shows a
sharp increase in sense of relevance between sked/Ss to -10s
with MOS increasing from 2.5 to 3.56. Olfactiafter the video
is more relevant than olfactiobefore video. Olfaction with a
skew of +15s (15s after video) is still more relg@véhan scent
with a skew of -5s. The slow gradual decrease lievamce for
olfaction after video is particularly interesting when it is
compared with the sharp decrease the larger the ske when
scent ishefore video.



A paired sample t-test with a 99% confidence irdewas used to
determine if statistically significant differenceexisted in

responses  between  synchronized and
presentations of scent and video. For skew siz&sf +10s, +15s
and +20s the results were not significantly différevith the

significant two tailed values of 0.148, 0.146, @0&nd 0.037
respectively (p>0.01). For skew size of -5s ands-flie results
were not significantly different with the significa two tailed

values of 0.74 and 0.47 respectively, again grehter 0.01. For
all other skews the significant two tailed valuesrevless than
0.01 (p<0.01), (-15s had a two tailed p value 6000007, +25s
had a two tailed p value of 0.001, less than 0g30(01)) hence
all other differences were statistically significan
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Fig. 8. Analysis of relevance per skew with confidence interval
based on 99% confidence level.

6.3.2 Impact on Sense of Reality

Fig. 9 shows MOS scores reflecting assessor’s lefvagreement
with statement 4 in the presence of varying degoé@ster-media
skew. When synchronized presentation takes plassesaors
agreed that the smell heightened the sense ofyredlivhat they
were watching. However, again in the presence wfelaskews
(e.g. -30 s or +30 s), the MOS values show thateigely
participants were between “Neither agree or Disglgrand
“Disagree” with statement 4 in the presence of skew olfaction
before video, with skews of -10s and -5s, assegsmnseived the
olfaction somewhat contributing to an enhanced serisreality
with a MOS of 3.46 between “Neither agree or Disafrand
“Agree”. With no skew, 0s, and +5s skew assess@gsee” that
the scent contributed to a heightened sense atye@he most
interesting finding from analysis of the MOS frotist question
was the dow reduction in heightened sense of reality for

unsynchronized
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Fig. 9. Analysis of Sense of reality per Skew with confidence
interval based on 99% confidence level.

Assessors’ opinions were compared to determingaiistically
significant  differences existed in responses when a
synchronization error was present with the casenwdiéaction
and video were perfectly synched via a paired sarhpést. For
skew size of +5s, +10s and +15s the results wersigoificantly
different with the significant two tailed values n@e0.163, 0.22
and 0.013 respectively which are greater than (060.01). For
all other skews the significant two tailed valuesrevless than
0.01 (p<0.01) (+20s had a significant two tailetlieaof 0.002, -
5s had a significant two tailed value of 0.005)ndethe results
for skewed presentation were statistically sigaific when
compared with ratings for in-sync presentation.

6.3.3 Impact on Sense of Enjoyment

Figure 10 shows for MOS reflecting assessor’s le¥elgreement
with statement 5 in the presence of varying degoéaser-media
skew. When synchronized presentation takes plassesaors
agreed that they enjoyed watching the video clipthie presence
of large skews (e.g. -30 s or +30 s), the MOS aktwow that
generally participants were between “Neither agre®isagree”

and “Disagree” with statement 5 in the presencéaafe skew.

Between skews of -10s and +10s participants weltgvees

“Neither agree or Disagree” and “Agree” with thglmést levels
of agreement existing at Os and +5s skew with scofe3.98 and
3.84 respectively. At skew level of -5s, assessise rated the
enjoyment highly with a score of 3.58. Outside sk@#-10s and
+15s participants scores reflected that they “NitAgree or

Disagree” with the sense of enjoyment statement.

Assessors’ opinions were compared to determingaiistically
significant differences of means existed in respsnwhen a

olfaction after scent with skews of +5s, +10s and +15s. Just 0.15 synchronization error was present with the casenwdléaction

separates the rating of +5s from +15s. When comgathe
ratings of scent before or after the video, thenigpis in terms of
impact on reality were that not much differencested between
scent -5s before video and +20s.

and video were perfectly synched via a paired samf#st with a
confidence interval of 99%. For skew size of +5&l aBs the
results were not statistically significant from tkgnchronized
case with the significant two tailed values werg6Q. and 0.49
respectively which is greater than 0.01 (p>0.019r &Il other
skews the significant two tailed values were lekant 0.01
(p<0.01), hence the mean results were statisticidjgificant for
all skews except -5s and +5s.
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6.4 Comparison of Audiovisual & Olfactory
with Video and Olfactory User Perceived

Synchronization

This section compares this work with current stdtart research
on olfactory and audiovisual media synchronizatioighlighting
the similarities and differences between them. Aescaay
mentioned, the same videos were used in both wbard.6][29]
and here the middle block of approximately 30steelato the
scent being presented. The videos were edited thathhe audio
was replaced with the sound of a blowing fan andcootextual
audio data associated with the meaning of the Aligo the same
smells were used although, they were provided Hierdnt
vendors. [16] states that it took “about 2 seconfis” emitted
scent to reach users using the Vortex Active emi&e discussed
above, it was experimentally evaluated that it tbekwveen 2.7s —
3.7s using the SBi4 emitter. Artificial skew valuasging from -
30s to +30s were tested in [16] in step sizes af (t@nce each
assessor tested 6 samples), whereas the stephsimesvere of
magnitude of 5s (each assessor tested 12 samiplds)th works
the playback order was randomized to minimize ongeeffects.
Approximately the same number of participants tpakt in each
experiment (42 in [16] as opposed to 43 here).

In terms of conclusions, [16] define that the tenapoelationship
between olfactory and audiovisual media is froms-30 +20s.
With the removal of contextual audio, our resulb®w an “in-
sync” region of —7.5s to +10s. The difference igssingly large,
but as found during our initial tests; the preseoiceelated audio
validates the findings of [16]. Assessors notedt tihe scent,
when complemented by relevant and contextual aumtiovided
extra information even with large skews comparedhi® video
content. Without the presence of contextual audssessors, as
shown by this work, assessors found it confusingoging and it
had negative impacts on relevance, sense of realitd
enjoyment. Finally, [16] found that olfaction befoaudiovisual
information was more tolerable than olfaction afterdiovisual
media. As shown above, theverse is true for olfaction and
video only i.e. olfaction after videanly is more tolerable.

7. Conclusion and Future Work
This work investigated the perception of inter-atne
synchronization error between olfactory and videmdia and its

affect on the quality of experience for the useérdéfined user
temporal boundaries for user perceived synchrobizat
Synchronization is supported up to a maximum skéw7.6
seconds when olfaction is before video, and a maxirskew of
10 seconds when olfaction is after video. Skewsidatthis range
are in the out-of-sync region. Interestingly, thisgion is
significantly smaller than the equivalent boundarfpr
synchronization of olfaction, video and audio. Thamporal
boundary spans 30 seconds when olfaction is befodbovisual
media and a maximum of 20 seconds when olfactioafter
audiovisual media. In addition, the results indécttat assessors
were more aware of olfaction before video as oppaselfaction
after video. It was also identified that assesswesless tolerable
to olfaction before video than they are of olfantiafter video.
Finally, this work also analyzed the impact of iré&ream skew
on assessors QoE. It was found that skews beyopalrtacular
range between olfaction and video impact the sefselevance,
reality and enjoyment negatively when compared véklings
achieved when synchronized presentation took place.

There are many possibilities for future work rethte olfactory
data as a media. The next steps involve analysiwwafage and
gender affect perceived QoE. On completion of thig,aim to
deduce an analytical model that results in usiileso
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