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Network exponential relationship between QoS and QoE existed, and
Device 1 Content that minimal drops in QoS could lead to high fall in QoE

s e ratings. It was also reported that if QOE was already low,
Technical Factors / \

Task Application J/ Quality Of \‘ . .
‘\\ Experience | - Context QoE QoS S (QOES )

additional disturbances did not have any signibcant impact.

Social and_ which can be represented as an exponential function:
Psychological Factors

Environment \4' User QoE= e .glS Qo 4 1)
Fxpectation where, and+ are unknown parameters used in this model
for accuracy tuning.
There has been a growing interest on the inBuence of human
factors on perceived quality of multimedia experiences. These
works [33D[36], suggest that human factors play an impor-

assessment methodologies employed by the research cg?ﬂ—t role in perceptual media quality. Scett al. [33], [34]

munity for olfaction based mulsemedia quality evaluation%naIlysed the role of personal and culture on perceptual

and concluded by making a number of recommendatiomsummedia quality. They reported that approximately 9% vari-

for same considering the categories of screening, lab desi ﬂ,ce in perceived quality was attributed to human factors.

methodology as well as implicit and explicit analysis. u Et_ al'|[35] al_so con3|d|¢trec_i hu(;gi_n fatctor?f tot_ predict
In[18], ten categories of smell experience were debned bagi§" Visual expenence qually in addition o aflective con-
t. The user factors analysed were interest in the content,

on feedback obtained from over 400 participants in a user study. . . .

Considering the rapid development of olfactory sensor and d =nder, c.uIt.uraI background, personality and immersive ten-

play technology, olfaction-based multimedia applications a ney. S|m|Ia_r to the model F’TOF"?SGO' here, Pereld |

a realistic possibility technically and across a wide variety oposed a _trlple_ user charactenzafuon moqlel factor for user
oE of multimedia experiences. This tuple include sensorial,

application domains. FinallylR|b[21] highlighted opportuni- tual and tional di .
ties and challenges around sensorial touch, taste and snfijfceptual and emotional dimensions. .
ore closely related to modelling user perception of mulse-

They outlined key challenges around understanding sens%gdia although not considering olfaction, Timmezeal. [38]
system processing within context of HCI: which tactile, olfac- g R,ainer a?1 d Timmeregg) tgok an in£eresting ap.proach

i HCI [ houl
tory and gustatory experiences HCI designers should des modelling the effect of enhancing traditional media with

for; designing interfaces for sensory inputs, e.g., olfaction b ber of tract E Th d it

also interfaces that integrate multisensory experiences, i. n(ljml] ber odsensorg_ etgc S or; Qt(') ' fe¥f prtoposeh au '.'2;

taste & smell. In addition to these, a related and key resea €l based on subjeclive evaluation of eflects such as wind,
light, vibration and combinations thereof with audio-visual

challenge, as discussqd in7], is to understand how various dia. Th del based on th tion that the addi
factors inBuence userOs perception of quality, and therein jEedia. The model was based on the assumption that the addi-

the focus of this work tion of sensory effects linearly enhanced user QoE. As such

In this context, this paper presents a mathematical mo&g?y ccf)fmﬂare_lc_jhu.selr QoE otfl_rtnultm:je?lg W'trr; ar;d dwt;thout.sen—
that estimates user QoE of olfaction based mulsemedia. S@y efiects. Their inear utiity model IS rel>ected by e2): (
addition, we provide statistical analysis to inform the inRu- QoE=QoEy  +  wby [38], [39] (2)
ences of each of user, system and content factors on QoE.

Content

Fig. 1. Factors inBuencing user Quality of Experienté].[

In eq. @), QoE, reRects the user QoE with sensory effects;
QoEy, ref3ects the user QoE without any sensory effect com-
Il. RELATED WORKS ponents.W, represents the weighting factor for a sensory
Solutions have been proposed for traditionahedia component of type where; in [38] and [39] repre-
multimedia content distribution to improve user perceivesented light, wind and vibratiorp; is a binary variable (i.e.,
quality during multimedia delivery in wired2BD[26], has a value of 0 or 1) used to indicate whether a particular sen-
wireless P7], [28] and heterogeneous29], [30] network sory effect is present or not. Finally,is used for Pne-tuning.
environments. Several research works have been publisldathl and Murroni 40] developed a nonlinear model from
that estimate user QOE of traditional multimedia conthe dataset of38] and [39]. Their model employed particle
ponents (audio and video), and inBuence of QaSvarm optimization41] for parameter estimation.
characteristics31], [32]. These approaches are based The closest work in the literature to what
on the premise that there is a relationship between netwask presented in this paper was reported
QoS and QoE. Hence they aim to understand the correlation[42] and 43]. Ademoye and Ghinea 4p] and
between the two. The IQX hypothesi8l], as per eq.X), is Ghinea and Ademoye4B|b[4€], in their work on user
derived from two key sets of parameters (a) QoE paramet@erception of olfaction-enhanced multimedia, instantiated
(based on user satisfaction) and (b) QoS parameters (bagednodel Pbrst proposed by Wikstrandi7/[. That model
on level of network disturbance). The assumption is that jfroposed the consideration of multimedia quality from
satisfaction is high, the level of disturbance should be lotechnical and user perspectives at three levedsvork media
(e.g., low delay or packet loss). Their results indicate that amd content
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Fig. 4. Comparison of assessor detection of skew and skew utility model.

TABLE IV
ASSESSORDETECTION OFSKEW (MMOS) PER AGE AND GENDER

Age & Gender Skew (seconds)
-30 -25 -2 -15 -10 -5 0 5 10 15 20 25 30
Female 20-30 yrs. | 3.25 | 325 | 342 | 342 | 3.75 | 3.67 | 4.58 | 4.08 4 342 | 375 | 342 | 3.25
Male 20-30 yrs. 324 | 324 | 348 | 362 | 395 | 395 | 476 | 438 | 4.1 39 | 371 | 333 | 348
Female 30-40 yrs. | 3.22 | 3.44 | 356 | 322 | 411 | 333 | 478 | 4.67 | 4.11 | 422 | 3.56 | 333 | 322
Male 30-40 yrs. 331 | 323 | 3.15 | 3.62 | 346 | 392 | 454 | 431 | 431 | 3.62 | 354 | 346 3
Female 40+ yrs. 317 | 333 | 342 | 358 | 3.75 | 3.83 | 433 | 45 | 417 | 3.83 | 342 | 342 3
Male 40+ yrs. 3.62 | 323 | 346 | 338 | 3.08 4 415 | 454 | 3.85 | 3.62 | 377 | 331 | 323
TABLE V

STATISTICALLY SIGNIFICANT DIFFERENCESBETWEEN AGE AND GENDER GROUPS ONTHEIR DETECTION OF SKEW (CONFIDENCE= 95%)

Statistically Significant Differences and Skew Level

Female 20-30 yrs.

Male 20-30 yrs.

@ +15s — P=0.032

Female 30-40 yrs.

@ +5s —P=0.015, @ +15s — P=0.004,

Male 40 + yrs. @ -10s — P=0.016, @ +5s — P=0.036
Female 40 + yrs. @ +5s — P=0.058,
Male 20-30 yrs. Female 30-40 yrs. @ -5s — P=0.053,

Male 30-40 yrs.

@ -10s — P=0.045, @ -10s — P=0.001, @ +30s — P=0.007

Male 40 + yrs.

@ 0s —P=0.011, @ -30s — P=0.082, @ -10s — P=0.001

Female 40 + yrs.

@ 0s — P=0.011, @ +30s — P=0.008

Female 30-40 yrs.

Male 30-40 yrs.

@ -10s = P=0.031, @ -5s — P=0.089, @ +15s — P=0.026

Male 40 + yrs. @ 0s — P=0.075, @ -10s — P=0.001, @ -5s — P=0.056,
@ +15s — P=0.026
Male 30-40 yrs. Male 40 + yrs. @ +10s — P=0.081
Female 40 + yrs. Male 40 + yrs. @ -30s — P=0.068, @ -10s — P=0.016

model representing the general detection of skew, detectibmough to Os in steps of 5s, the resultant function is provided
of skew based on scent category was divided into two disy eq. @0):
tinct [egions, (a) when olfaction was presented before video (10)
(i.e., S30s to 0s) and (b) when olfaction was presented after
video, i.e., (Os tot 30s) for both the pleasant and unpleasamtherey = 2.82912,a = 1.94619 andr = 0.06538. Again,
groupings. these three parameters have no unit and are used to determine
1) Utility Model for Unpleasant Scent TypesFor the the shape of the utility curve. The resultant adj, Ras a value
unpleasant category, an exponential quality utility functiodose to 1 at R = 0.89807 indicating the high accuracy of
was debned for both regions (a) and (b). The ObeforeO vithsomodel.
utility Ucup function for region (a) was calculated based on The OafterO video utilitycya function for the unpleasant
non-linear regression. Based the on skew levels f®80s scent group for region (b) was calculated based on non-linear

Ucup = y+ a€”
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Fig. 5. Comparison of assessor detection of skew for pleasant and unpleasant scent types with associated utility model functions.

regression. Again the function was calculated based the on th&he overall utility for impact of scent type on user ability
skew levels from Os through t630s and again in steps of 5s;to detect skewlUc, is provided in eq. X4). The accuracy is
it is provided in eq. 12): presented in Figh. It always shows the accuracy of the respec-
Ucua= y+ ad* 11) tive models predicting the assessor ability to detect skew and
the actual MOS scores of the model evaluation group captured
wherey = 2.58353,a = 2.27817 andr = S 0.04358. Again via subjective testing for pleasant and unpleasant scent types.
these are used to determine the shape of the utility curve.

U ~
The resultant adj. R has a value very close to 1 aP R Ug = Hggg S30s x Os 14)
0.93547 indicating the high accuracy of the model. Ugg: 0 x 30s

2) Utlity Model for Pleasant Scen'F Typejn terms of . This section has highlighted the approaches to modelling
the pleasant scent category model, interesting observatl%ls

are made. In all the previous model values, the exponent%afe.VanouS criteria debned in eq)( Each of the utilities

model btting returned high levels of accuracy. However, whil ?r Inter-media skew, user proble inSuence on skew and scent

erforming the modelling on the pleasant scent categor tﬁ/ge inRuence on skew were modelled. As such, the user QoE
P 9 9 P gory, cgn be estimated considering each of these criteria. The esti-

exponential model did not accurately bt for olfaction presente hted user QoBJoor is a multiplicative function such that

after video, with a sigmoid function selected subsequently. N . .

. . ) . e inBuence of each of the criteria is taken into consider-

Again, two regions were debned, consistent with each of t ; . : . . .
ation. In this next section, an instantiation of this model is

models presented to date. . ; N o "
. . erformed with variable weightings per criteria. In addition,
The model function for region (a) was calculated based on . o
2gression analysis is performed to evaluate the accuracy of

non-linear regression. Based the on skew levels from -3 . . .
4 . ) . e proposed model by comparing the estimated QoE with
through to Os in step sizes of 5s as discussed in detail3} [ . . . o .
actual QOE ratings obtained via subjective testing.

the resultant model function is:

Ucpp =y + a€” (12) D. Analysis and Evaluation

wherey = 3.29041,a = 1.54626 andr = 0.12512. In this section, statistical analysis on the inBuence of var-

Again, these three parameters have no unit and are usedbtes factors on user QOE is presented next. In addition, the
determine the shape of the utility curve. The resultant cogfroposed model for estimating user QoE of olfaction enhanced
bcient of determination & has a value very close to 1 atmultimedia is instantiated and evaluated.

R? = 0.96747 indicating the high accuracy of the model. 1) The InBuence of the Factors on Qoln this section,

The model function for region (b) was calculated based dhe authors analyse the inBuence of human and content fac-
non-linear regression usingiginpro. Based the on skew lev-tors on the ability to detect skew as well as their inBuence
els from Os through te- 30s in steps of 5s, the resultant modedn user QoE. The analysis was performed using IBM SPSS
function is: Statistics package version 23. A Multivariate Analysis of

_ = = Variance (MANOVA) was performed on the complete dataset

Ucra= A2+ (A1S A2)/(1+ expl(xS x0)/2))  (13) (both design and evaluation groups) with 95% conbdence
where Al= 4.82618, A2= 3.18731,x0 = 16.64647 and level. The independent variables were the human (age, gender)
Z = 5.46468. Again, these parameters have no unit and amd content (scent type) factors whilst the independent vari-
used to determine the shape of the utility curve. The resultatiles were detection of skew and user QOE rating. The overall
coefbcient of determination?Rhas a value very close to 1 atQoE rating was captured via the post-test questionnaires. The
R? = 0.87224 indicating the high accuracy of the model. average MOS values for user sense of enjoyment, sense of
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TABLE VI
RESULTS OFMANOVA PERFORMED TOCONSIDER THEINFLUENCE OFHUMAN AND CONTENT FACTORS ONUSERQOE (CONFIDENCE= 95%)
Skew Box’s Test of | Levene’s Test of | Multivariate Tests: | Tests of Between-Subjects Effects: Sig. Partial
Level Equality of | Equality of Error | Pillai’s trace Sig. ETA
Covariance Variances Sig.
Matrices Sig.
+30s 0.808 QoE =0.210 Age=0.002 Age and QoE = 0.012 12%
Detection =0.000 Gender = 0.575 Age and Detection = 0.049 8%
Scent-type = 0.0041 Scent-type and QoE = 0.001 15%
+25s 0.797 QoE=0.733 Age=0.861 Scent-type and QoE =0.027 7%
Detection=0.004 Gender=0.832
Scent-type=0.084
+20s 0.941 QoE=0.264 Age=0.700 Age and QoE =0.834 N/A
Detection=0.000 Gender=0.201 Gender and QoE =0.125
Scent-type=0.782 Scent-type and QoE =0.565
+15s 0.509 QoE=0.886 Age=0.148 Scent-type and Detection=0.037 11%
Detection=0.742 Gender=0.285
Scent-type=0.023
+10s 0.277 QoE=0.136 Age=0.968 Age and QoE =0.972 N/A
Detection=0.077 Gender=0.682 Gender and QoE =0.638
Scent-type=0.453 Scent-type and QoE =0.229
+5s 0.991 QoE=0.289 Age=0.019 Age and Detection =0.05 9%
Detection=0.001 Gender=0.592 Scent-type and QoE =0.044 6% (%)
Scent-type=0.061
0s 0.868 QoE=0.431 Age=0.192 Gender and QoE =0.034 7% (*)
Detection=0.001 Gender=0.106
Scent-type=0.113
-5s 0.175 QoE =0.002 Scent-type=0.010 Scent-type and QoE =0.004 11% (*)
Detection =.255.
-10s 0.964 QoE =0.473 Age=0.001 Age and QoE =0.048 9% (%)
Detection =0.016. Gender=0.799 Scent-type and QoE =0.033 10% (*)
Scent-type=0.044
-15s 0.091 QoE =0.226. Age=0.959 N/A N/A
Detection =0.000. Gender=0.225
Scent-type=0.168
-20s 0.172 QoE =0.020 Age=0.856 N/A N/A
Detection =0.125. Gender=0.065
Scent-type=0.580
-25s 0.234 QoE =0.276 Age=0.014 Age and QoE =0.002 16% (*)
Detection =0.000. Gender=0.025 Gender and QoE =0.011 9% (*)
Scent-type=0.046 Scent-type and QoE =0.025 7% (*)
-30s 0.772 QoE =0.627 Age=0.112 Age and QoE =0.030 10% (*)
Detection =0.000. Gender=0.632 Scent-type and QoE =0.009 10% (*)
Scent-type=0.026

(*) effect size is small

relevance and sense of reality were debned as a single digi2) Evaluation of the Proposed Modelthe user QoE has
representation of user QoE. The analysis is classiPed babedn debned as a function of assessor sense of enjoyment,
on skew level. The results are presented in Talllewhich sense of relevance and sense of reality of olfaction enhanced
includes statistically signibcant results only, with the last cofultimedia. There was a consistency between assessor rat-
umn (partial ETA) indicating the percentage of the inffuendegs for sense of enjoyment, relevance and reality. Indeed, no
the factors contribute to either to detecting inter-media skestatistically signibcant differences exist between these three
or user QOE, as reported. The effect of age on user QoE vespects]. The model proposed as per ed.5), is evalu-
found to have a small effect in four of the thirteen possible teated by comparing estimated QoE with the MOS scores from
cases. In terms of gender, it was found to have a small effése model evaluation group assessors ratings for sense of
in just 2 of the thirteen scenarios tested whilst content factoenjoyment, sense of reality and sense of relevance captured
i.e., whether the scent type was pleasant or unpleasant, dadng the subjective testing. EdL) dePnes the user QoE as

a small effect in six of the possible scenarios. Interestinglg, multiplicative utility function which considers user detection
where statistically signibpcance exists, the average inBuermfénter-media skew, impact of user proPle on user detection of
levels for content age and gender were 10%, 11% and 8ifter-media skew and impact of scent type user detection of
respectively. In terms of the inBuence of human and conténter-media skew.

factors on the userOs ability to detect skew, two statisticallyFig. 6 presents the results of the QoE estimation model
signibcant results were reported at skew levels-80s and with the average QoE obtained during subjective testing. It
+5s, with scent type reporting statistically signibcant resulshows the instantiated model with the same weightings for
for just one of the skew levels. each of the criteria, 0.333 and an = .87. The reduction
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Average QoE Evaluation Group
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——male 30-40 yrs funpleasant

=—male 20-30 yrs / pleasant Model
——female 30-40 yrs /pleasant

———male 40+ yrs/unpleasant

=—male 30-40 yrs /pleasant model
=——female 40+ yrs /pleasant

~—female 20-30 yrs /unpleasant

= male 40+ yrs pleasant model

=——male 20-30yrs / unpleasant

female 30-40 yrs funpleasant

female 40+ yrs funpleasant

5

25 -20 -10 -5 0 5 10 20

Level of skew between Video and Olfactory media (seconds)

Fig. 6. Comparison of QoE rating from assessors with QoE utility with criterion weights of 0.333 and7.
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Fig. 7. Comparison of the predicted and actual QoE levels for male group of 30-40 yrs exposed to an unpleasant scent type.

factor was set at 0.87 so that the estimation model accall possible combinations of assessors QoE based on the age,
rately matches the MOS values assessors provided during gemder and scent type. Due to page limitations, we present two
subjective tests. The estimated QoE ratings achieved via tifeour Pndings here in Figi and Fig.8. These are male 30-
model are mapped reasonably well to the actual QoE ratind@ with unpleasant scent type and female 30-40 with pleasant
captured. In the next section, the model is evaluated for eastent type respectively. Different weightings were applied to
of the possible weighting for each of the criteria and debngs, wy and we. Analysis was performed between the actual
the most suitable weightings accordingly. and estimated QOE ratings via: correlation coefbcient, OrO; the

U _ C_u 15 coefbcient of determination 40r; and bnally the mean square

QoE(enjoymentrelevancereality) ~ “QoE 15 error (OMSEO). The correlation coefbcient provides a measure

UQoE(enjoymentrelevancereality) ugs UHW(ZQ) uge of the relationship between the actual and predicted values and
(16) ranges between 0 and 1, where 1 indicates the strongest pos-

sible relationship. The coefbcient of determination identibes
In order to evaluate the accuracy of the proposed modbe amount of variation in the actual data that is explained by
and bne tune values for each of the criterion, we compareariation in the predicted data. Hence, variations outside this
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