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ABSTRACT

Early reflections play a large role in our perception of sound and as such, have been
subject to various treatments over the years due to changing tastes and room
requirements. Whilst there is researnto these early reflectionsarriving both
verticallyand horizontallyn small rooms regarding critical listening, little research

has been conducted regarding the beneficial or detrimental impact of early vertical
reflections on listener preference, in the context of listening for entertainment.

Two expeiments were conducted through subjective testing in a-aeathoic
chamber and listening room in order to assess subjeterencef playback of a
direct soundagainst playback with the addition of thest geometrical vertical
reflection. Program ntarial remaiedconstantn both experimentgmploying five
musical and onspeech stimuli.

Experiment one used a paired comparison method assassihjects’ preference,

and perceived magnitude of timbral and spatial difference provided by a frequency
independentceiling reflection. Each comparison was followed by a free
verbalisation task for subjects to describe the perceived change(s). Experiment two
investigated this further bfocusng specifically on subjects’ preference wigh
frequencydependenteflection A more controlledrerbalisation task providediat

of descriptive terms which the subject's used to describe which attribute(s)
influenced their preference.

The results show that preference for playback with the inclusion of a vertical
reflection was highly varied across both subjects and samples. However both
experiments suggest that the main perceptual attribute with which subject’s based
their preferenceavas timbre, common spatial attributes (image shift/spread) cannot
be used to predict preferendexperiment two suggests that the alteration of the
frequency contentdf a vertical reflection, may also provide a more consistent level
of preference for certaistimuli. It is also shown that while certain attributes occur
frequenly (brilliance/fullness¥or describing preference, others less frequently used
(nasal/boxy), may influence preference to a greater extent.
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CHAPTER 1: INTRODUCTION

CHAPTER1
INTRODUCTION

1.0 INTRODUCTION

Reflections within concert halls have always been an integral part of the performance. Extensive
research has studid¢ide use of absorbing or promotiegrly reflections within a large diffuse
sound field. These changessult indifferent spatial attributeshich, depending on the desired
sound,are made to ultimately enhance enjoyment. Wioens shifted to understanding our
perception of reflections within small rooms, this was done mainly through our knowledge of
concert hall acoustics and measurements. Howeveryégtarch has been daweunderstand

early reflections within small rooms from a subjective perspective, to discover if they provide
a positive or negative spatiahd/or timbral impact on our listening pleasur@his research
presentgwo experimend investigating the effe¢s) of the first geometrical vertical reflection

from above on subject preference in the context of listening for entertairongheasure

within a small room. With the lack of research in terms of subject preference in this field, this
work opendurtherquestions within small room acoustics iiovestigation.The author’s intent
throughout this research was to make any conclusions as relevant as possible to practical
application and as such, listening tests conducted in both experiments utilised five musical and

one speech stimuli

1.1 SCOPE OFTHIS THESIS

Small rooms referred to in this thesis are those typically found in a domestic environment
utilised for home theatre systeni®flections arriving vertically maglsooriginate from a low
hanging surface (reflector/absorber) as opposed to a cdiliegefoe, stronger reflections are
consideredherefor the purposes of investigating their perceptual effect(s). In order to remove
perceived unintentional lateral effects, a single mono sound source wdse ptadthe direct
soundon axis to all subjects at head height. Although it is acknowledged th@htime source)

may not be applicable to everyday scenarios, an understanding of a semjglal reflection
without interaural differencedrom stereophonic reproductiomas necessary in order to

propose further research.

-12-



CHAPTER 1: INTRODUCTION

The main aim of this research is to achieve a greater understanding of a vertical reflection’s
impact on a listeners’ preference of reproduced sound, through perceived timbral and/or spatial

attributes. Two experiments were conducted in order to meet this aim:

x Experiment 1 — Frequency independent sanmachoic room test

a. Assessment of subject’s level of preference for playback with a frequency
independenteflection present, against playback with just the direct sound.

b. Subjective experiment assessing tbeel of timbral and/or spatial difference
perceived by subjects in the presence of a frequency indepeweitical
reflection in comparison to just the direct sound. This was followed by a brief
free verbalisation task after each comparison discussing pamgeived
difference.

x Experiment 2 — Frequency dependant listening room test

a) Subjective experiment conducted in an FRUBS.1116 compliant listening
room assessing subject’'s level of preference for playback with a frequency
dependanteflection present, against playback with just the direct sound. This
was followed by a constrained verbalisation task identifying reasons for
subjects’ preference via provided descriptive attributes (Appendix D

1.2 STRUCTURE OFTHIS THESIS

The literature review presented@hapter 2aims to provide the reader with a brief overview

of the development admall room acoustics and designs critical listening.Although in a
different context, understandirgitical listening environmentprovides useful information
regarding the control of early reflections within small rooms. In additiwre isa discussion

of objective measuremend&md perceptual attributes and the sensory relationship between the
two from the literaturewithin this field. While experiments conducted this thesisdo not
specifically analyseobjectivemeasurementéRT60, Go, Dso) againstsubjecive preference,
understanding of measurement values is important idifoeission of perceptual descriptions
and resulting preferend&aplanis, Bech, Jensen, & van Watdsaot, 2014) Measurements
takenwithin experiment twdsection5.1), showing certain physical parameters are included to
provide understanding of the reproduced sound field in the context of the literature discussed.

-13-



CHAPTER 1: INTRODUCTION

ChapteB discussethe simulation process a single vertical reflectia esting was conducted
and checked against the response of a refiection with minimalabsorption,taking into
consideration loudspeaker frequency dispersion of the direct sound. Chayteducesthe
first experiment with a breakdown of the methodolandtestadministrationfollowed by a
discussion of thee results concluded with a summar§ome observed limitations of the
experimentare discussedChapter 5 followthe same discussion process for experiment two.
Chaptes 6 and 7 further evaluatdbe resultsof both experiments and discusses the novel
contributions to this field of study regardinertical reflections and preference.

-14-



CHAPTER 2LITERATURE REVIEW

CHAPTERZ2
LITERATURE REVIEW

1.0 INTRODUCTION

The following chapter presesiiteratureand theory surrounding reflections in both small rooms
and concert halls, the applicability of measurements used in concesicba#iticor small
rooms and how tteerelateto perceptual attributes and descriptors. Auditory spatial and timbral
sensations of lateral reflections are then covdmlbwed by a discussionf elevated sound
sourcesand reflections. Little research has been done solely investigating vesfieations
therefore literature reviewad the contexbf elevated sound reproductianll be highlighted,

along withany limitations in the application this thesis.

In an outdoorenvironment, sound is allowed to propagate freely with minimal reflections
reaching our ears. In a closed environment sound is constrained by boundaries and objects
which, when summed at a singular paatter its original characteristics. Dependingaeaom's
design and its intended purpose, these alterations dmulderceived to be beneficiar
detrimental. Large auditoria and concert halls emph®yuse ofaturalreverb to carry the
music acrossoteach listener positioithereflectionscreated by aenvironmentadd tonal and
spatial qualities to the sound that we (up to a point) find pled&dine & Toole, 1988) A
small rooms$ acoustics are different antleory cannot be directly applied from concert hall
acousticsin the same way Small listening spacesvith too much reverb would be
disadvantageou$o the room’spurposeof enjoying audio. Vice versa listening in an
acoustically ‘dead’ room could be strenuous andemjoyable.lt is important to note in
comparison to a large concert hall, a cinema could be viewed as smallHoamver in the
context of this thesis, small rooms are those typically founddonaestichome, office spaces

small classroomand recording studios

The amount of reverberatigenerated in concert halls is not naturglyssiblein small rooms
(Toole, 2006) however the level of reverberation is still a key aspect, much to the point where
design requirements limiéverb to certain amplitudes specific frequencig$TU-R BS.1116-
1:1997]ITU-R BS684013:1998) At lower frequencies, the internal dimensions cause
standing wavegroom modes)around the room and are often said to be harnduthe

perception of an audio signal through frequency response errors (Reiley & Grimani, 2003)

-15-



CHAPTER 2LITERATURE REVIEW

Therefore, rather than considering overall reverberation fimeeis of this investigation is to
examine the influence @arly reflectionson the way we perceive audio throughbre andor
spatial attributesMore specificallyertical reflectionssince first reflections typically originate
from the floor and ceiling rather than laterall§aplanis et al., 2014)

2.1 CONTROL OFREFLECTIONSIN STUDIOS

Although people’sperception of room modes can differ, the general consensus in studios is to
control them as much as possjltie create as smoother frequency respaisie listening
position. Researchf early reflections and reverberatiah higher frequencieis these small
rooms ha resulted in many fferent designs over thgears.With changes in trends and
opinions it is impossible that onsingle design will meet the requirements of everybsdy’
tastes. The need for an effectidasign became apparent when music keginning to travel
between locations amndth the introduction of stereo playbadRrior to this mono loudspeakers
andthe listening position could be moved to achieve a reasonably desirable sound (Newell,
2007)

Tom Hidley’s designs became one of the first commercially viable studliese interestingly,

he chose to promotarly ceiling reflections with a ‘compression ceilif@ox & D’Antonio,
2009) A design with dow hangingceiling at the listener positigrihenelevatedowards the
front above the speakeasid at the rear behind the listening position. Voetn{@007)also
states that Hidley'sarly designsincorporated a ceiling canopy however, this was later

removed.

In the late 180’s Time Delay Spectrometry (TD8)as introduced by Richaideyser which

in turn led to the objective measurements of Hidi@esigns by Don and Carolyn Da{idavis,

1979) TDS was anmprovement of the current sine sweep method of a rdoegsiency
response (sometimes known as house curve) wharehgrophone records from a specified
offsetof time from the initial signal and processed through a nabamd filter thus allowing

the selective spatial data of a sound fidldeyser,1967) These measurements revealed
significant regular inconsistencies along the frequency response that we now know as comb
filtering®. This use of TDSedto the development of the ‘Livend, Deadend’ (LEDE) in the

late 1970’s(Davis & Davis, 198Q)The control of reflections is highly contrasting to those of

Hidley's, proposinghe front shouldbe highly absorptive (dead) and the rear reverberant (live).

! Discussed further in section 2.4.4
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Thereason behind this change is the perception of the early refleggaognisinghatthey
provided the listenemith important information about the environmebirection, density and
frequency of these first reflections affect our perceptidmdireand tonal imbalancéNewell,
2007)that helps create an impression of our surroundings and so the LEDE aspires to place us

in a neutral environmeitty removing these properties

This design was well received and labeiilt upon by D’Antonio utilising Schroder diffusers

on the rear wall and broadband absorption of early reflections at the front. A continuation of
this design was the Reflection Free Zone (RFZ), which utilised the room’s geometry in such a
way that no reflections entered the listening position without abundant need for absorbers
(Everest & Pohlmann, 2009This was effectively able to create a stereo image across a
frequency range of 500 to 5000 Hz (Vimeinn, 2007) In addition to this Angus (1997)
demonstrated that the use of diffusers can alsmpkmented to achieve the desired RFZ. He
states that due to the diffusion of the early reflectionsligtener isgranted more freedom in
terms of ‘listener position and a reduction in comb filtering at higher frequencies and offers

the potential for a bedt control room in combination with other techniques.

It is apparent that the consensasmodern designss to remove early reflections from the
listener’s position as they hinder the judgement of playbaatkmal during critical assessment.
These early reflectionadd properties of an environment that would otherwisaldsentin
another room. Howevea number of questions remaiHow do these early reflectionsipact

our perception of aud How can we objectively observand subjectively describéhese
auditory sensatior*sAre these auditory sensations categorically present or absent, or we able

to perceie varying magnitudes of change?

2.2 OBJECTIVEMETRICS

The perceived differences of the same sopta/ed in different environmentsay be related

to objective measurementstbe sound fieldThe change sound undergoes from propagation
at source, to interpretation by listener, maydbservedas a filter model (kgure 1). It is
therefore useful to compare what measures of the sound fietwh@spond to what perceived

aspect of y(t) ISO 33821:2009 outlines five specificsubjective listener aspedsin

21— Subijectivdevelof sound, 2- Perceivedeverberance, 3 Perceiveddlarity’ of sound, 4 -Apparent source
width (ASW), 5 tistener envelopment.
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performance spaceashich, within each, hold one or more acoustic quanttyever it seems
difficult to categorically state that any one variable affects one percgeéredptual effectand
more so the applicatioof objective measurementsed in concert halls to small rooms. The
following section will briefly introduce objective measures usedoncert hall acoustics and

their applicability to small rooms.

Relationship
Ic_/n) @)
Physical Domain zZ Perceptual Domain 8 Affective Domain
@ Z
x®-h(M-y®) O s
Source  output  x(t) 3 PerceptualAttributes y(t): - Affectivey(t):
altered by environmerg Source Width é Likeness
transfer function h(t)to Size
receiver y(J. Localisation
Timbre

Physical Attributes y(t):
RT60, IACG,rJ) Stimuli
properties etc.

FIGURHE: FILTERIODEL ADAPTED FROMPKANIS ET AL. (21

2.2.1 REVERBERATIONTIME

One of the most common objective measurements is reverberation tim®{RUijnens such
asANSI S12.602010,ITU BS.11164:1997 andSO 33822:2009,all discusdimitations and
tolerances of reverberation times for different uses and criterlRT60, the use of 60dB is
usedasa ratio for how much the energy must dissipate. Howevemall rooms ratios of 20dB

(-5 to 25dB)and 30dB(-5 to -35dB)are often used and then scaled up relative to a 60dB ratio,
for a uniform measurement no matter room .skReom impulse responses ifftre 2) are
measurements taken to visually investigate decay rate, density and amplitude of the reverberant
sound field rather than just a val@eriesinger, 1996)andSeetharaman & Tarzie2@12)both
discuss techniques for capturing RT, along with visadli@dimensional method bRunn &
Protheroe(2014) This maybe beneficial in identifying areas of a souield that propagate
certain attributes associated with a standaglise responsespecially in smaller roonssich

as from a ceiling or floor
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Amplitude (dB)

Time (ms)

FIGURE: SIMPLISTIREPRESENTATION ORVRNULSE RESPONSEIMTIAL SOUND. BIRECT
SOUND. C = EARLY REFLECTION FROM EEDMINRS AND WALLS. D = LATE REFLECTIONS

2.2.2 FIRST AND EARLY REFLECTIONS

Between the direct sound and the first reflect®a notable gap for the time takkm sound
to travel thesecondshortest distance to the receivitre ‘Initial Time Delay , or ‘Initial Time
Delay Gap’ (ITDG —Figure 3)(Beranek, 2008)The understanding of ITB resulted in the
success of the LEDE studio design, wherel/dbntrol of early reflections in the control room
did not mask the ITG of the studio (Davis, 1979)TDG however is still criticisedasa higher
valuecouldimply a greater distance lateraliypwever it is often reflections from the median
plane that arrive first (Ouis, 2003)his isespeciallytruein small rooms where (from the centre
of the roon) distances to the floar¢iling are generally shorter than to the sidé®reforethe

use of this measurement within small rooms could be misinterpreted.

ITDG

Time

FIGURB: INITIALTIME DELAGAP

Amplitud
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Progressing through the room impulse response we see discreteeiadijons.A rooms’
early lateral reflections canbe objectively measurethrough two methodslateral energy
fraction and inteiaural cross correlatiohateral energy fraction d (sometimes denoted as LF,
LFe, Jrc, ELEF) (Equationl)is a ratio of energy between measurements taken with fajure
eight(between 0.005and 0.080sand omnidirectional microphonésetween 8 and 0.0805
where pL(t) is the sound pressure of the figiaeeight microphoneand p(t) of the omni
directional microphonéFigure 4)(ISO 33821:2009)

IACC (sometimes seen as IAE€QGor energy arriving early, before 80ms) is measure of
difference insound arriving at the two eafBeranek, 2008and also associated with lateral
arriving energyCross correlation is measurememated from values 1.0exactly the same,
to 0.0 -being totally different and via binaural dummy head@he uses of these metrics provide

information about how we may perceive a rooms spatial attribBeesi¢n2.4).

[1] - Lateral Energy Fraction 44<4
lsaq0 1P @
Ae™ TTAA<E o 1
i, LWpe [1]
Omnidirectional IR Figure-of-Eight IR
0.000-0.080s [ 1 0.005-0.080s
[} [}
o ©
2 Vs. 2
Q. (o
S S
< < | |
Time (ms) Time (ms)

FIGURE: COMPARISOBIF ENERGY BETWEENENRECTIONAL AND FREWDF EIGF
IMPULSE RESPONSES

2.2.3 EARLY TO LATE REFLECTIONS

Another objectivaneasuremenised to analyse a roosnacoustic is ‘Clarity’However, this
canbe ambiguous in terms of how we define what clarity digtisa Depending on the stimuli
used this maybe the ability to perceive migsl detail, the onset of notes the intelligibility

of speech $peech intelligibility S.I) etcThese perceptual attributes are discussed in further

SectionsAs a standard objective measure, claistgefinedas a ratio of early ttate arriving
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energy(Equation2), and noted as £g or Cgo, expressed in dBJohn S. Bradley & Soulodre,
1995a) Depending on the stimuli and rop®0 or 80ms is chosen as the divig point. The
perceived aspect oflarity’ (in 1ISO 33821:2009) is ado associated as a function of definition

(Equation 3) and centre time (Eation 4).

Definition (Dso) is a ratio of thesarly tototal soundenegy expressed as a percentage using
50ms as a dividingoint CentreTime (TS is the ‘time of the centre gravity of the squared
impulseresponse’(ISO 33821:2009)and expressed in milliseconds. The greater level of early
energy(or reduction in later energyhcreases the levels ofg6lCso and Dso and therefore

generally improveclarity, suggesting that early reflections are beneficial for this attribute.

With mordstrongerearly reflectionsTS would decrease as the centregrhvity shifts more
towardsthe direct sound and away from the reverberancBradleyand Soulodre's (1995a)
paper, the use ofdgin conjunction with an adaptation of sound strengknotedasG(A) -

with an A weighting frequency response more typical to that of human hearing sensitivity), was
found to be more accurate in the prediction of clarity than singulasdgrd’S This however

was in the context of concert hall and was not considered in small room acoustics.

[2] - Clarity Index (80ms division) 0-80 ms 80-' PV
______ O, A
Q
E
L44<4 =
A pe =
%,= 10 @K oﬁ—,ﬁ 2] E
lgg (R @
Time (ms)

FIGUREB: ENERGBIVIDE IN CLARIT

[3] - Definition Index
0-50ms 0-" PV

_ 124995 p @ %
) i, (pe@ 3] é. h ‘
<

Time (ms)

FIGURB: ENERGNIVIDE IN DEFINITIC
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[4] — Centre Time Index

i, PELY P @ ”
i (PP

Amplitude

FIGURE: ENERGY USEDTS

Time (ms)

Figures 5, & 7—View of energy used along the impulse response in respective equafionall
equations p(t) is the instantaneous sound pressure of the impulse response measured at that point.

It is important to note the applicabilityf these parameters in the context of small room
acoustics. Most of the definite integrals above have diviscamgespondingat times that
separate early and late arriving reflections. Thisrigoncert halls and tge auditoria, between
50-80ms. Gventhat a small rooms RT will seldom achieve this natuyalbyne metrics such

as Lir, Cso/Dso and Gomay not be representative of the real subjective impression, being based
on the time division of early and laté@ergy(Kaplanis et al., 2014Metrics such as TS may be

a more useful tool in seeing the distribution of energy and not relying upon a finite point in time

to yield an effective result.

2.3 THE EFFECTS OFEARLY REFLECTIONS

Changes of first reflections have a great impact on ourepgon of the incident signal
producing differenceswhilst still having a negligible effect on the total reverberation time
(Niaounakis & Davies, 2002 he following sectiordiscussesesearchthat hasinvestigate

the effectof earlyreflections from varying directions

Kishinaga, Shimizu, Ando, andamaguchi,(1979) conductedsubjective testingo provide
supporting evidence that early reflections strongly implaetsound field. Their experiment
included the setip of multiple configurations of absorptive amdlective material on all walls.

The floor, was constructed of parquet and the cejlofgock wool absorbing board (floor and
ceiling materialsremained constants throughout). Sulgestre instructed to record their
impression on certain attributes and compared against IACC measurements. Results showed

that for critical listeningabsoptive side walls are desirable yielding an IACC of 0.44. To enjoy
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the music, reflective walls are preferred with the IACC value measured at 0.26. This would
imply that early reflections have a detrimental imdactthe critical evaluation of audio and

beneficial for enjoyment.

Investigations intdhe effect of singular reflections on the timbre of reproduced audio within a
sound fieldhave proven reflections from above impact our perception.'8@&@94a)esearch
investigatedvhich early reflections are strong enough to impact perceived timbre individually
and the required level of these reflections needed to produce this chasgks Rhowed that
only floor and ceiling reflections could possibly be heard as individual reflections affectin
timbre within the sound fieldJnlike previous experiments codsringindividual reflections
(Olive & Toole, 1988) Bech simulateda reverberant sound field using six additional
loudspeakersBech (1995a) later reinforced his findings confirming that floor reflections
contribute to theoverall timbre of the sound field given noisgimuli. Bech’'s workand
methodologyis discussed further idetail in Section 2.7 regarding the effects of vertical

reflections.

Griesinger(2009) states thatateral reflections from 10 to 50ms contribute to the feeling of
“distancé to the sound image creating space between the listener and, snent®ningthat

it is not specific reflections by themselves that generate this effect, but colledBvielsinger

also highlights an ‘Insitution of Acoustics’ (IoA) conference, Krokstasplainsthe sense of
“involvemerit is actuallywhat acousticians are seeking to accomplish in concert halls and that
the direct sound to reverberation ratio (D/Rgs a strong impact on this perception of distance
rather than énvelopmerit (seeSection 2.4.3). Although related to concert halls, Griesinger
does go on to mention that the addition of early reflections in smaller halls often tuladlgys

rather thanmproving it and the direction of these eam§lections is noaudiblewherethere is
dominant reverberation energy. His experiment on treating a small concert hall (350 capacity,
RT occupied 1.0s at 100Hz) showed that the addition of Z60tbsorption on stage and
absorbindirst orderlateral reflections above 1kHz dramatically improved the sound, implying
that even in rooms larger than critical listening spaces, the attenuation of lateral reflections has
apositiveimpact on the soundeid. However, irsmall rooms the energy of lateflections will

seldom dominate those of early reflectiotigis the directionality of these early reflections

could potentially alter a person’s preference.

3 No reference given in Griesinger (2009)
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Imamura, Marui, KamekawandNakahara(2013)recently carried out an experiment to see
how this directionality of early reflections within a sound field is perceiyeal listener. Using

a dummy hed, nine impulse responses were taken wahouspatterns of acoustic treatments
using absorptive panel§hese were thetonvolved with three music stimuli. The author notes
that the difference of RT was almost equal throughout the patiaththereforespecifically
focused on early reflectionghroughheadphones, subjects were asked to rate stimuli against
each other using evaluative terms odividual listening impressions. Terms used wgnabre
brightness, width of sound image, envelopment, tglatimbre naturalness, reverb sbildy

and listenes’ preferenceOut of thesewidth, envelopment and clarity displayed significant
differences throughout the nirmrangementslt was concluded that as more first lateral
reflection points are covered with absorption, width of sound image will narrovaland
envelopmenwill lower. Vertical panels were not added individualiyt simultaneously with

front wall absorption thus the influence edrly ceiling reflectiongamot be solely assessed
However the author points out that absorption at these points noteshgasedound image
width but increase claritylmamura, Marui, Kamekawa, anNakahara,(2014) further
investigated perceived clarityased on previous results and simulated reflections via a lateral
loudspeaker array varying directionality and delay simkreflections. The paper concludes by
stating lateral reflections have a strong effect on perceived spatial clarity, apparent source width
and listener envelopment. However this investigation did not incorporate vertical reflections,
when previous restd stated that increased clarity was also in conjunction with ceiling

absorption.

Subjective studiegassessing the effect of lateral energy on the adaptabilign engineer
carried out by King, Leonard, & Sikoré2011)asked useas to create a simple mix between
orchestral backing and solo soprano stereo stems within critical listepé@gsSubjects were
instructed to change the level of a stem by 0.5dB increments until satisfied with thievmix.
control rooms were utilized to increase the subject witbl RT60’s of 200ms and 175ms. The
surfaces of first geometrical reflectionsiqts were altered three times usirapsorptive,
diffusive and reflective treatment. It is important to note acaisalterations were made
behind acoustically transparent fabric, and the treatment unemployed remained in the room to
maintain RT. After three training attempts, each acoustic treatment contained three trials of
three music excerpts totalling 27 indivel mixes per engineer. The results showed that the
treatment had no significant impact on the variance of level but interestingly when asked which

treatmentwas easiesib mix with, subject’spreferredreflectivetreatment. Acontinuation of
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this work stows that the room treatment has a significant effect on the levels of reverberation
set within a mixXLeonard, King, & Sikora, 2012Reflective panels added laterally at ear height
(increasing the high frequency reverberation time by 20ms) resulted in a lower mean mix of
added reverberation. Therefoatthough the human brain may be able to adapt to varying sound

fields, lateral energy can still affect judgement in reverb related mixing tasks.

From the papers discussed it is clear that early reflections can alter the way in which we perceive
the direct sound as well atteringthe way in which we perform certain taskiowever it is
necessary to try quantifthe effects of theseeflections within the perceptual domain into
specific attributesAs pointed out by Kaplanis et §2014) although many of the aspects are

from concert hall acoustics, assessment of these attribzdekl identify common

characteristics which may also affect percepirosmaller rooms

2.4 PERCEPTIONOF LATERAL SOUNDS

In the previousection papers were discussed showing that early reflections impact the way in
which we perceive sound through subjective testing. Aspects suappasent source width,
listenerenvelopment, spatial impression, timbre, depth, distance, colouration and clarity are
some of he many terms which compriseditorysensatios of an environmentn relation to
Figurel, this is the perceptual domain of the psychoacoustic relatiofi$t@pollowing section
outlinesnumerous perceptual attributes we usedscribesound fields and the relevant theory

behind the auditorprocesses.

Theability to localise where a sound is coming frawlependent upon a number of factors. As
seen in Kyure8,a direct sound in an enclosed space will bountcseurfaces and create multiple
reflections with varyingcharacteristics which will ultimately arrive at the receiver. The
summation of these reflectigralows us to localissignak. Consequentlythese reflections
will provide spatial differences which widllter our spatial impression of a sound. This may

also be an attribute on which subjects may base their preference.

The precedence effect (sometimes knownlas of first wavefrontor ‘haas effecy is the
binauralphenomenon that enables us to determine the origin of a sound in an acoustically
complex environment (Olive & Toole, 1988Yhenthe direct sound is followedyta delayed
version of that sound within less than 1ihen'summing localisationdccurs and the incident

and lagged sound are fused together. Frans & 5ms soundsare still fused together
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(depending on the stimuli usedhd the image is still perceived as one, this stage is called
‘fusion’. Abovea certain point, roughl$ms referred to as theetho threshold’the image
begins to split into two spatially separate souftésvsky, Colburn, Yost, & Guzman, 1999)
The bnaural cues useascertain the information needed frahese reflections to process the
perceived direction of the auditory eveising two receiverdnteraural level difference (ILD)

is the amplitude difference of a sound arriving at two éatsraural time difference (ITD) is

the difference in time is takes for a sound to reach one ear from the other. Assoareear
positionedalong the horizontaplane, these cues are paramount in comprising what we
conclude to be thespatial impression’ThesdTDs and ILDs can also be provided by a direct
sound and a delayed and attenuated version of that sound from a reflgduttbrwe have

control over, and as such may be able to altempreference.

FIGURB: ITD'S AND ILD'S PREEDMBY A LATERAL EERLO?

2.4.1 SPATIAL IMPRESSION

Upon entering asound field,we build an impression of our surroundings based upon the
properties of reflections given by geometrical boundaride arrivingangles of certain
reflections contribute to different auditory sensatjonis understood thahe energy received
laterally is beneficial to our understanding apatial impression’(Toole, 2008) Spatial
impressiorhas been subject to more than one definition over the years and thus presents some
confusion. Describing a physical aspectand to perceive a phenomendmased on the
relationshipbetweensaid aspect and phenomenare different thinggLehnert, 1993)For
instance, one may describe a sound faddpaciousattempting to define a roomphysical

scale.However this may be interpreted as a feeling of distaand the space between listener
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and source as a resolt the roomsscale.ln concert hall acoustics, spatimpression is often
broken up into two main componentapparent source width (ASW) and listeerarvelopment

(LEV). Theseare standard components referred to in criteria of performance spaces such as
ISO 33821:2009.

2.4.2 APPARENTSOURCEWIDTH

ASW is influencedythe relative strength of early reflectigitss the combination of the direct
sound and the latera@nergy that gives th@erception of how horizontally wicesound source
is. This attribute can bebjectively interpretethough lateal energy fraction (&), or an inter
aural cross correlation (IACC) measurement at the listener posBiawlley & Soulodre
(19959 state that increasing early lateraflection energy only leads to a broadening of the
source image and those late arriving reflectifigpicdly above 80m contribute to LEV
though once again this is in the context of concert hall acouGtiEsinger(1998)however,
proposednew metrics ‘Diffuse Field Transfer function(DFT) related to envelopment, and
‘Averagelnter-aural Time Delay’ (AITD) relating to early lateral reflections within small
rooms Griesinger also describes spatial impressiortady Spatial iImpression(ESI), given
that most reflected energy in small spaces occur within 50ms and is perceived to be

predominantly frontal

Data from Ando (1977)Hidaka (1997)and Barron & Marshall (1981)is collated by Toole
(2008)regarding the directionality of reflections, ASW and preference. Results from Ando and
Barron and Marshall show that a decreasing IACC values are much preterde(hiven that
IACC is a measure of ASW) subsequently reddte greater spatial impression. Frequency
dependant studies on ASW have also shown some frequencies may be more effective at creating
awider image than others. Hidaka also conddticiet ASW strongly cogsponds to frequencies
from around 350 to 2800HHecreated IACGE3 to represent this as a function of average IACC
over three octave bands (500H2kHz). He also concluded that lateral reflecs@mriving at

60° provided the greatest contribution to sens@®{V. Morimoto & lida's (2005)showthat
objective measures of IACC (referred to as ICC) areaffetted by frequency conteabove

1kHz, but subjective assessments of ASW tidreaseas lateral reflections moved closer to
90°and not 60°. This was found by increadiog pass filter cubff points on broadband noise
from 200Hz -1, 2, 4 and 8kHz.
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ASW has been noted by many studies within concert halls to be a major factor in subject’s
preference Kuusinen, Patynen, Tervo, & Lokki (201#entionthat early energy arriving
laterally comprising of higher frequency contesdrrelated well with listener’s preference for
classical music excerpitsninevarying concert halldt is also stated that the increasevatith’

is also in combinatiowith ‘depth’when broadband lateral reflections are providednulti-
channel reproductioiChoisel and Wickelmaier(2007) demonstrate the change in subject
preference through four musical stimuli of varying loudspeakefigurations and rating of
attributescomprising of spatial and timbral listings. Although difficultgmpoint preference

with a singular auditory sensatiois it noted that for a centred listening position stereo
configuration was among the most preferred playback formats than that of mono, supporting

evidence that a greater ASWneore preferable.

2.4.3 LISTENERENVELOPMENT

The other component to spatial impression is listener envelophtev).(And while the ASW

is influenced by angle, intensity and frequency of early lateral reflecti@éis impacted by

the reverberance ok room’s impulse responsetypically above 80msaoir concert hallgJ.S
Bradley & Soulodre, 1995b)t is the sense of being surrounded tybeing in the centre, af
reverberant sound fielduccinctly expressed by Blesser & Salter (20@6)“analogous of
swimming underwatefrather] than being sprayed by a water hbséhe reverberant field is
constructed via the increasingly shortening ispatlistribution of reflectionsfrom all
geometricalboundariesHowever reflectionsarriving from the rear of the listener are more
enveloping than frontal energy (Griesinger, 199)jth regards to frequency, reverberation
time atbothlow and high frequencies significdyaffect the listener envelopment (Morimoto,
Jinya, & Nakagawa, 2007)n small rooms however, it is reasonable to say that true
envelopment cannot be achieved due to their small volume incapable of producing longer
reverberation times, and can only be achieved via the use of multichannel loudspeaker arrays
(Toole, 2008)

24.4 EARLY LATERAL REFLECTIONSAND TIMBRE

Timbreis often associated with descriptors such as; rich, dull, bright, harsh, edlsarooth,
mellowand so onHoward & Angus, 2013)In terms ofsoundreproduction in a listening

environmentacoustical barriers and use of treatments influence the way in which one sound

-28-



CHAPTER 2LITERATURE REVIEW

can be perceived imultiple ways. Although late reflections have beshown to impact our
perception of timbre, with changing echo density and intensity resulting in different
characteristics (Huang & Abel, 200(Huang, Abel, Terasawa, & Berger, 2008)s the early
reflectionswhich provide the ‘unique fingerpririt of the roomthat are of interest herés
briefly mentioned in 8ction2.3, research has shown that early reflectioostribute to our

sense of timbre and claritBech, 1994bJImamura et al., 2014)

Comb filtering is one of the most discussed effects of laggratgy in relation to timbr&he

effectis a result of the repetition of a signal added in rapid succession to its predecessor which
can be objectively seen from frequency response measurevhamntsom In the context of this

thesis this would behe summation of individual delayed reflections arriving at r@ceiver
Regularly spacegheaks and troughsonstructive and destructive interference respectively
(Toole, 2008) are the result of early reflections being added to the direct sound. Two
phenomenon may occur the presence of comb filteringt low frequencies resonances are
generatedbut will be mostly dominated by room modes, and at higher frequencies provide
alterationto the timbre of thesound. Using white noise as stimuli, this periodic repetition
constructive and destructive filterifgigure9) is known as harmoniandanharmonic cosine

noiserespectively(Rubak & Johansen, 2003)
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FIGURE: COMB FILTER FREQUERESPONSE.
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However even though thiscomb filter pattern may occur annalistically it cannot be
immediately condemned amdn asmentioned by Clark1983) may actuallybe a preferable
response. In his experimetite assessment of a delayed signal reaching two ears was employed
in multiple ways- throughstereo playback, mono playback with a singléection (vertically
then horizontally)and finally mono playbacwith a delay replicated though the same speaker.
His conclusions provided evidence that comb filtering through stereo playback was pleasing
the listener and can be preferred over a flat respghsangle lateral reflection produces
minimal audible notches and the delayed sotlmdugh the same loudspeal@oduced an
unpleasantegradingeffect. Interestinglynotches produced bydelayedreflectionarriving
vertically became more noticeabl€lark suggests this is a result of the reflections paths
arriving from the same horizontahgle but still poses thought for the contribution of vertical
reflections to comb filtering, timbre and consequently subject prefer@weall, his paper
highlights significant audible differences can occur even when objective measureslof co

filtering look very similar dependanbn angle

In binaural hearing,here is also evidence to suggest the human auditory system may possess
the ability to disregarduch comb filtering distortion@Blauert, 1997) altering ourtimbral
perceptionof the eventThe use of a “central spectrdpsummed from two subtly different
responses ghificantly reduce colouration from lateral reflections (Toole, 208nonaural
listening (listenes with one ear pluggeddhe colourations in timbre are far more distir@@he
considerationinvolving ILD, is the acoustic shadowing effect produdeda centre body
between the two receivers resulting in the head becoming an obstael@coustic shadowing
provided by the head means that early lateral reflections reaching the fretie@serwill be
attenuated at higher frequencies. Given the avdmagelth of the human head (measured above
and behind the egrss 1416 cm, frequenciewith smaller wavelengthabove 2450Hz would

be attenuatedhus meaning the effect of comb filtering will also be reduced. The idea that
objective observation of comb filtering only gives us a small impression of what we will

actually hear is quite apparent

Research into audibility of comb filtering (Brunner, Maempel, & Weinzierl, 260@yvs that
under good listening conditions, noticeable differences @titur when a reflection level
differenceis 18dBbelow the direct soundResearch from Barron & Marshall (1Bg8egarding
spatial impressioralso highlighted lateral reflectionsontribution to colourationput in the
context of concert hall\lthough the predominant effect with a single reflecteas indeed

‘spatial impression’ reflections between 18nd 20ms were noticeable fgroducing tone
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colouration’. For noise signals, reflections arriving from a left wall are suggegied
individually altertimbre (Bech, 1995byvith a delay of 9.94mand attenuation of 9.7dB relative

to the direct sound. Although this paper doetscriticallyassess the detection of comb filtering,

it is pointed out this effect is a result of an added delay reflection, which produced timbral

alterations.

This sectionhas identified perceptual attributes provided when a diresciuad summed with

a delayed version of itselin small domestic rooms, unaltered reflections will be louder than
those in a concert hall and could therefdre increasingly destructier constructivejo the
initial signal. Altered reflections from frequency dependant surfacealsaladd varying levels

of timbral changalue to their spectral conterit has also been showvthat binaural listening
may have the ability to ttenuate comb filtering effect3hereforeit may be seen thatomb
filtering along the median plane may have a greater impact on our perception ambuogh
ears will be provided with the same signal.

2.5 PERCEPTION OFVERTICAL SOUNDS

Section2.4 focused on early lateral reflections, this chapter aimrsuiew the literature of
sound arriving from a vertical soutCEhere is little literature specifically discussiagrtical
reflections thereforethe following chapter also incorporates discussions of multichannel
elevatecaudio systems. The applicability if not in the context 8éotions will be highlighted.
Throughout researcimto vertical reflections variations in terminology have been used
regarding the axis and the reflection surface. Therefogdetm ‘median plane’ will henceforth

be referred to in thithesis as the vertical plane split symmetrically down a listeners head, front
to back (Figure 10).

Horizontal Median Frontal

FIGURRO: PLANES USED THROUGHTHESES TO DESERBTAKEN FROM HARNIN (1993)
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2.5.1 DETECTION OFVERTICAL REFLECTIONS

The work of Olive & Toole,(1988) providessome fundamental information about vertical
reflectionsrelated to a domestic or contretoom sizé environment By way of sound field
synthesis, the aim was to ascerttia threshold at which reflectiongthin a room affected
aspects of the sound or, sound field. Users were given control of over-durnufiotentiometer

(so that ngoositional cues could be used) and instructeadfast the level of &est reflection
somewhere betweelust audible’and ‘just not audiblé Subjects could also switch the test
reflection off,andto its maximum level of 108 above the direcsound.No time constraints
were imposed. The audibility targets to identifyany changeo the sound or the sound field.
This would be considered the absoltleeshold. Pulse noise, pink noise, speech and castanet
signals were used as stimuli throughout tesfegsults showethe angle of reflectiofi.e. side

wall or ceiling) producedno notable difference in level of detectidout the use of stimli
proved to be very sensitiv&bsolute thresholds for delays belowifvere consideralgllower
(subject’s required minimal level to identify a chanfygg)continuous sounds (noise) Above
10ms pulse stimuli retained a lower threshold revealing a crossover of around.10ms
Interestingly, the level for the discontinuous stimalprovide any changepuld be as low as
-40dB below the direct sound @0msdelay regardless of angle of reflectiomhe paper
reinforcesfindings forthe absolute threshold of a single vertical reflectutth three different
listenersall showing the same pattern using pink no@@leserving the resultsigurell, itcan
beseerthat from up to 5mghe absolute threshold for the relative stimuli used is rowaghty
lowest meaning any change is most noticeable up to this point. It is also noted by the authors

that the change in timbre was quite apparent for the vergfaktion.

Absolute threshold for single specified reflection for a sisgleject
0 +
)
2 -10 4
g
2 20 == 60°Vertical Noise
o Y TS J — - ° ;
~ - - = - 60°Lateral Noise
A = ot
2 -30 \\‘ 60°Vertical Pulse
= 60°Lateral Pulse
-40 \'~
0 10 20 30 40 50 60 70 80
Time Delay (ms)

FIGUREL ABSOLUTE THRESH@ESURTS FOR A SINGUSBBIECT. ADAPTEOM OLIVE Al
TOOLE (1988)
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The paper also regnised that previous wohes often used delayed signals which contain the
same spectral content as the incident sound. With surfaces absorbing/reflecting varying energy
levels across the frequency spectritms necessary to consider reflection as frequency
dependant signal.

Bech (1995produced a number of studies rejag timbre within small roomwith the aim

of investigating:.which early reflections can individuallyonitribute to changes in timbeand

what is the requiredevel neededto produce this changeRlis methodology included
electroacoustic simulationa an anechoic chambermmilar to that of Olive and Toolélhe
sound field simulated was typically separated into three compordirgst sound, arly
reflections up to 21m82msanda reverberant fieldvith reflections greater than &k-22ms

The experiment did neimulatean individual reflection solely in the presence of a direct sound,
but unlike Olive and Toole, wamcorporated intaa sound field using multiple loudspeaker
sources. Therefor¢he amount of speakers needed to individually produce early reflections up
to 22mswould be too great and were restrained under the following rules. Only reflections
above-20dB relative to the direct sound were implemented and multiple early reflections would
be poduced by the same loudspeatesulting in: the direct sound, 17 reflections produced by
15 loudspeakerand the reverberant sound fiedtmulated by six, evenlgpacediaterally
distributed speakersigure 12).

FIGUREZ2: BECH EXPERIMENTAEWEDERIVEHEROM INFORMATIONTABLE IN - BECH, 199¢

Incident sound is propagated from thi= loudspeaker{2°H, 0°V)BLACHKoudspeakers represent
the reflections. The reverberant sound field is generated fromG@hé\Noudspeakers.
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Importantly, the directivity of the diredbudspeaker was modelled in a cardioid pattern
independenotf frequency, thus SPL was radiaggenlyat all frequencies. In conjunction with

this, absorption coeffients applied to the reflections were also independent of frequency with
values: ceiling = 0.05, floor = 0.3 and walls 0.44 resulting in an RT of 0.4s. Loudspeaker
positioned on a 3m hemispherical radius to the listener position and supporting structures
treated with acoustic absorbent material to reduce reflection interferBnoeessing of
reflections ranged from 1.64ms14.98msdelayand 3.6dB —-15.5dB level attenuatiohe

listener was situated on a motorised chair to position the listener’'s ears and SPL measured at
the listener position was 66dB and 50dB for noise and speech stimuli respectively. The stimulus
used was 1s pink noise (20Hz26kHz) and 3.8ssample of malespeech. KEht subjects
participated (five male / thrdemale)andwere free to move their heads as this experiment did

not involve localisation.

Each of the 17 reflections weassessed in the presence of the sound field whereby subjects
were to ascertain two psychoacoustic properties corresponding to the two aims mentioned
previously: The threshold of detection (TD), and justiceable difference (JND). The
interpretation of timbre was given to the subjects as the American Standards Instecttemn(

2.6.2).

Bech’s resuls indicate reflectionsone, threg(medianplane) eight and twelvgleft wall)
resulted in a TD lowein dB, or not significantlyhigher,than the natural levels of reflections
in a standard listening roo(fablel). This suggesthesereflectionsare likely to individually
contribute to timbre within the context of a sound fidlthre specifically only reflections one

and three will be potentially audible for speech signals and noise signals.

Reflection N& Delay Attenuation Lateral Position Vertical Position
1-Floor 1.64ms 3.6dB -25° -28°
3—Ceiling 4.16ms 9.2dB -25° +48°

TABLE.: VERTICAREFLECTIONS CONTRNG TO TIMBRAL CHAENWITHIN A SOUNELR (BECH, 1995)

After identifying the applicability of this workyéquency response characteristics were then
taken into consideratiofBech, 1996) The experimentaletup remained the same however,
loudspeaker simulating reflections wetben altered by added frequency dependant
characteristics Six filters were applied as a function of frequency dependant absorption
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coefficients at octavbands 125Hz -8KHz to selected loudspeakers simulating individual

reflections The nethod and stimuli used was the same as detailed in the previous experiment.

The results from this experiment build ¢imosefrom the first report that only the floor
reflectionhad a TD lower than that of a natural room for a noise si@ialvas not ascertained

for reflection 3’ (ceiling) but is stated that this alsolikely to be lower than that of a natural
reflection ATD test, with and without the transfer function filters for the loudspeaker revealed
that for a noise signaletectiornvalues forindividual reflectiorsfive (floor), sever(ceiling) and

nine (left wall) increased signif@ntly in dB with the filter on. Bech highlights that this is due
to the removal of energy in the frequency region 500Hz — 2RHlst these reports conclude
that the first order floor reflection (and possibly ceiling reflection) is most likelydigiagually
contribute to timbreaf great importance to this study is tiBsch notes these are only threshold

detectiontests and not a prediction in terms of timbral quality.

The impact of vdrcal reflections from above have albeen the focus of a study regarding
auditory envelopmentFuruya, Fujimoto, Takeshima & Nakamua, 1998)the context of
concert hall acoustics, three experiments were conducted to sulljecissess the
contributions of:
x A single reflection from above along the median plane on “auditory size of sound
image”
x Energy of multiple early reflections from above and *“auditory impression of
ernvelopment”
X A repetition of experiment two in the presence of a reverberant sound field.
All experimens utilised musical stimuli and the reflection and sound field were electro
acoustically simulated. In relation to this thesis investigating a singulactieh, experiment
one demonstrated that as the delay time of a singular reflection increased, the sound image
growsverticallyin size. Regarding auditory envelopment, experiments two and three show that
as long as the ratio of lateral and vertical epeggmains constant up to 200ms, envelopment
becomes stronger as energy arriving from above increases. The author does note however that

lateral arriving energy must be the “predominant factor to perceive enveldpment

2.5.2 VERTICAL LOCALISATION

Section2.4 discussed auditoigues needed for localisation mainly on the lateral pl@he
following chaptemreviews literature studying localisation along the vertical plane. Outlined in
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Section 1.1, this thesis investigates tbabjective preference of an early vertical reflection
through timbral andspatial differences. Therefore, the understanding of spectral and spatial
cues used in localisatialong the median plane will be useful in discussing results. Although
much of thaeviewed research is in the context of audio reproduction, the process of localising

an elevated source alongetmedian plane remains the same with a reflection.

Early research to localisation with source elevatiomas conducted by Pratt (193@)sing
tonal stimuli ke concluded that subjects could fatate the incident sound along the vertical
plane. However, they did observe that when a signal is presentidtically’ 4, the auditory
event was systematically perceived togbgsicaly low, for low tones, and higher for high
tones.This experiment was repeated by Rofféerd Butler, (1968a)who observed the same
phenomenon.Subjects wre asked to localise the sound source and were unafare
loudspeaker quantityr placement. Program material usemsvarying tonal and filtered noise
signals The results of the experiment confirmed those by Pratt (XBatje ability to localize
tonal stimuli and broadband noise is poawnir frequency content below 7kHz. Also the
perceived auditory eventas located higher along the vertical plaméh respect to higher
frequencyand that for accurate localisatialong this axis, the signal must be compRaffler
and Butler (1968b)investigated this further whilst sjgets lay in different orientations and
distances from a loudspeaker araayd alsousing blind people and young childrdosing
frequency burstranging from 250Hz #200Hz the subjestvereasked as before to localise

the sound sour¢éut even in diffeznt positions localisation was still poor.

7.2 kHz

4.8 kHz

3.2 kHz
1.4 kHz
600 Hz

250 Hz

FIGURES3: ROLFER AND BUTLEHFERXMENT OF PITCHG#H EFFEC

4 A Monaural signal Fo be presented at both ears from a single source along the median plane
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A great amount of work in this area has been condumtdfieuart(1997) whohas carried out

a number of investigations with regards to localisation along the medium. plaeetest
resuledin clues about the angle of incidence with regards tadugiéncy content of the signal.
Broken into three sectiorts oandv (behind,overheadforwardsrespectively)1/3¢ octave

noise stimuli was presented once from the dirspeaker and rear speaker alternately and
subjects were asked to localise the auditory elased on the three locatiopgesentedthe

results of which can be seen in Figlidsshowing the relative probability of subjects answering
“behind”, “overheat or “forward”, with respectto frequency. The results show that the
probability of someone perceiving an auditory event from above with frequencies roughly
between 7 40kHz is great even if the sound source is from the front or rear. Most importantly,
Blauert has demonstrated that the localisation of an auditory event may be influenced
independenof direction and more through frequency content. Regarding this thesis, this may
impact subjec¢s preference when strong frequency content is perceived to be located at a

particular anglevhen emphasised with a reflection.

Blauerts frequency dependant direction bands
— —
100
A L]
$ 80 s
2 $ O
3 60 : : A
_cés : . o e ee @ Rear
r::_) 40 Lo ’ . A% ' Frontal
2 l e e | J 4 Overhead
('_5 ] .° : .o _‘:_ .0
s 20 o000 o ©
. Ase
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FIGURE4: RESULTSF BLAUERTS’ DIREXSAL BANDS EXPERIMIEANDAPTED FRC
BLAUERT (1997 P.109 FIG 2.46)

In the context of multichannel reproducti@xperiments by.ee,(2011)investigatd boththe
masking and localisation thresholds of a sound, usingriically placed loudspeakevith a
delayed signalThe masing threshold being the level (dB not height) at which the vertical
loudspeaker had no audible effecie localisation thresholdthe level the vertical speaker
needed to be so the sound source is localised only from the primary speaker. The ICTD’s (Inter
channel Time Differencs) used were 0, 0.25, 0.4, 1.0, 2.5, 5.0, 10, 2m<#hd presented at
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an average 75dB(A) to the subjeResults of the localisation threshold test revealed for time
delays greater than Irtsand below the echo threshold (roughly 5ms), the precedence did not
operate. All assessments of delay times netwbd attenuated for the source tdudsy located

at the direct speaker and could not be localised on just ICTD.

2.06m

Im

30°
1.8m

FIGURHES: LOCALISATION EXPHERIVAL SETUP IN LERT)

The vertical channel'sevel attenuation up to 5mayas consistently aroun®/-10dB for
localisation thresholdand -6/-7 dB attenuation for the masking threshold. With regards to
timbre in this investigation, Lee points out that from informal discussith the subject post

test, it was clear that the most prominent factors were indeed tonal colouratidns
localizability. This further supports work discussedgarding the effect of elevated sources
and reflection on the median plane altering our perception of timbre. However still no research

has identified is this is a positive or negative effect on the listener.

In contrast to Lee’s result2@11),Hartmann (1993previously suggestetthatthe precedence

effect doeoperate within all plane# simple experiment using click stimuli with delays of 0,

0.1, 0.2,0.5 1.0, 2.0, 5.0 and 10ahsng the same plan®&jth three loudspeakers to represent
each planeffontal, lateraland median) was used to investigate if the precedence effect was a
higher order cognitive process, not seldom based upon frequency. His results concluded that
the ability to localise along the sagittal plane was still achieved through the precedence effect
without the need for Interaural differences. In the context of this paper, this would indicate
reflections arriving from a vertical source may still be localised through the precedence effect
and independently, frequency content may be manipulated to achieve beneficial or detrimental

timbral effects.
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2.6 PERCEPTUALASSESSMENT

Previous chapters have discussed some of the literature relating to the both the physical domain,
and then the perceptual domain regarding both lateral and vertical early reflections. Whilst these
papers discuss the timbral and spatial effects of a rooms early reflections, a way of identifying
whatthese changes are, and how we describe them in more detail needs to be explored through
the use of specific descriptions. It is also impatrta consider the aspects of the methodology

that enables subjects to recding magnitude of a sensation to a physical value such as rating

scales.
2.6.1 ATTRIBUTE SCALING

In order to quantify a user response to a given question, a format must be chosen that can be
interpreted equally throughout subjects with no bias. Commonly in audio assessment, ratings
scales are employed to retrieveudject’s responde a perceptual attribut&he use ofdirect

scaling procedures lends a simple way to convert the magnitude sehsation to a
correspondingcale whilstindirect judges the degree in which a sensation is diffareane
stimulus compared tcanother Bech & Zacharov, 2006)The most common of which are
Difference threshold (DL) and Paired comparison methods (PC). Difference thresholastests
discussed throughout papen previous chapterlive & Toole, 1988)Lee, 2011)identify

values of dstNoticeableDifferenceby increasing or decreasing program material with a single
controllable parameter in specific incremeretg (dB). Paired comparison testing (Imamura et

al., 2013)is the assessment of two stimati playback systemagainst one another, whereby

the user rates an individual attribute sucHidality, or preference. A number of scales have

been developed to asses sensory attstarnd are discussed below.

A series of papers investigating the problematic ti@tidsetween bandwidth limitation and
down-mixing algorithms in delivery systems show insightful meliblogies on subjective
testing Psychoacoustic testing of subjsqtrovided information on which attributemay be
less/more desirablk® retain with limitations transmission conditions (Zeilingski, et al, 2003)
In Zeilinski et al's (2005) paper, subjects wasked to grade three attributémbre, frontal
and surround spatial fidelity. This method of identifying fidetigures users to rate the
‘truenessof which a stimuluss repicatedin comparisorto the original. This can be likened
to that of @ impairment scaléTable 2) and as mentioneduality of processed items used was
degraded considerablyTherefor, the use of a doublelind multi-stimulus test method with

-39-



CHAPTER 2LITERATURE REVIEW

a hidden reference and anchors (MUSHERA)-R BS.15343:2015)was used as a response
format This allowedapd comparison of multiple program material. All stimuli were equalised

in order to eliminateray bias due to loudness change and presented in a randomised order to
reduce carryover effectVhilst such amethodology could be applied to the context of this
research into vertical reflections, stsownin the literature, reflections may be beneficial thus

a degradation scale may not be suitable.

TABLE: ITU-R 5POINT CONTINUOUS
IMPAIRMENT SCALE

80-100 Excellent
60-80 Good
40-60 Slightly Better
20-40 About the Same|
0-20 Slightly Worse

Zacharov & Lorho's (2004)nvestigationinto home theatre systems and multichannel
algorithms is of interest due to the experimental desigt response scale. One of two
experimentgonsistedf a loudspeaker test whereby silgorithms chosen as the dependant
variablesare assessed in terms @production quality. A Comparison Category Rating (CCR

— Table 3& 4) is chosen with a paired comparison (also referred to as an A/B comparison)
methodologylTU-R P.800:199&as arextensive overview of all AbsolytBegradationand
Category Comparison RatingsHowever the CCR method employed allows the user to
compare unprocessed stimuli against processed stimuli whereby the order of processed and

unprocessed for each pair is randomised.

The CCR method unlike degradatiocompaison rating (DCR), also allows ratings of
improvementThis maybe used in conjunction with modified MUSRHA style testing (Fenton,
Bruno & Wakefield, 2009)o consider the possibility that the assessment stimuli may exceed
the reference in criteria such as audio quallitythis investigatior{Zacharov & Lorho, 2004)

14 subjects for the loudspeaker experiment were instructed to grade their preference in terms
of ‘overall quality considering both spatial and timbral characteristics. The program material
selectedusedexcerpts of “MusicMovie Sundand Gaming sound”’These wereelected for
specific timbre and spatial cuasd averaged at 78 dB(A) SPL across each program material
for loudspeaker reproduction. Before subjective testadministrative familiarisation took

place using theGuineaPig 2 listening systém
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TABLE: MODIFIED-POINT HEDONIC
TABLB ITUP.800 CCR SCALE (ZACHAROV &HO, 2004)

GRADING SCALE

4 Prefer B extremely

3 Much Better 3 Prefer B very much
2 Better 2 Prefer B moderately
1 Slightly Better 1 Prefer B slightly

0 About the Same 0 Neither Prefer A or B
-1 Slightly Worse -1 Prefer A slightly

-2 Worse -2 Prefer A moderately
-3 Much Worse -3 Prefer A very much

-4 Prefer A extremely

As mentioned by Bech & Zacharov (200&ubject familiarisation is key to ensuy
understandingf variables under examination and that consistency of instructions both verbal
and written should be maintained across all subjets. \Bas also elimated by adding extra
0.5"run-offs” at opposing ends of the rating sc@gtending the sable range 5 to +4.5)0
eliminate subject reservation in using extreme end points. This methodology allows comparison
of each individual stimulus directly against each other, rather than a group of stimuli against a

single reference as with a MBRA test.

A way of rapidcomparison of a large number of samples is that of the rank order method or
round robin. Discussed in Zacharov & Huopaniemi's (198§)er the aim was to be able to
quickly compare numerous VHT (Virtual Home Theatre) systems using a large number of
samples assessing sound quality split into timbral and spatial attriboitesank order method

is advantageous due to its simplicity in acquiring data and involves little preliminary subject
training requiting only the rating of program material from 1 to N (N being number of samples)
based ora criteria and direction of ranking specifieéthe major disadvantage of this method
that it provides no scaling informatidsetween comparison®©tto, 1997)andtherefore,are

only used when an indicatiasf how sounds compare needed

Adaptationsof this rank ordemethod have also beenvestigated and compared to paired
comparison with respect to speed and accuracy of results by wegnkihg by eliminatioh
(Wickelmaier, Umbach, Sering, & Choisel, 2008Jthough his may vyield similar results to
that of the rank order method, tkealing betweenranks is still an issue that only paired
comparison reveals. Whilst all scales have been establishedethd tessearch for some time,
recent work possibly suggests that some of these smalés still be misrepresentative of how
our psychoacoustiassessment (both sensory and cognitive filteFsgure 1) is processed.

Even though that scales may be presgntea linear fashion by anchoring labels at an
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equidistant point along an axthis does not mean that the interpretation of thesedabehot

perceptually linear (S. Zielinski, Brooks, & Rumsey, 2007)

2.6.2 ATTRIBUTE DESCRIPTIONS

Whenan attributechangesuch as quality, degradatian fidelity is the result of a perceived
characteristic and we want to know whiye attribute response becomes far more congdex

the number of individual adjectives needed just to describe timbre is extensive. Most of the
literature discussed throughoutshassessed audio quality through general timbral change.
However, rather than a global qualifycan be usefub identify certain attributesithin timbre

that may separately impact preference.

For theassessment of sound qualigabrielsson & Sjogren (1978%ed over 50 adjectives to
describe plgback systems. These weeeresult of questionnairegiven to 170 people
consigsing of roughly 200 descriptors and were used in scales varying fi®to (rdicate that
particular attributescuality. The assessment of loudspeakers conductestafyeldt,(1974)

utilized 35 descriptors and were recordea binary formafrom a paired comparison test’

— indicating systemi* possas this characteristic, an@’ ‘indicating system ‘j’possess this
characteristic. The process of attribute selection can be done through a combination of personal
experienceinterviews, literature research, elicitation etc. Howewverl&itation is not within

the scope of this research therefahe following sections discuss literature assessing timbral

definitions to use during experiments.
Projection
—J—_Trebl
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FIGUREG: FREQUENCY RESPONSEVBI AGAINST A KEXBO20HZ-20KHZ AND RESPECTIWVBRA
DESCRIPTORSOTE THAT ONE ATTRIBUWA¥ BE ACHIEVED (RW' OR “SWEET”) BEIRJCTION OR
AMPLIFICATION ATEERENT FREQUEN@BBPTED FROM HOWARD & ANGUS (2013)
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Words such as bassid andtreble are often seen amgst audio engineers and musicians but

are somewhat broastroke in terms of frequency range. Figl® adapted by Howard &
Angus(2013)from Katz (2007) demonstrates the relationship between frequency content and
timbral descriptors. It is interesting to see that pleeception of a physical change may be
induced in multiple ways Warnt, ‘sweet) by exciting different frequencieReflecting on this

scale of pitch and descriptors how is it, that two instruments demonstrating the same pitch and
loudness exert comgtiely a different timbre? The classic, migaiioted definition of timbre by

the AmericarNational Standards Institu@NSI S1.14960Y is as follows

“...that attribute of sensation in terms of which a listener can judge that two sounds having

the samdoudnessand pitchare dissimilat”

This however, implies that sounds must possesich for the definition to apply (Bregman,

1994) and that sounds which do not contain pgahbh as “scraping shovel in a pile of gravél

cannot contain timbre. Bregman describes timbre adladéefined wastebasket categboand

that the only reason loudness and pitch are accounted for is that they are easy to manipulate on
a musical instrument. Regardless of its definition, it is clear that timbre in some way
incorporates the spectral content of a signal. As it@abe scaled on a singular axis such as

low-high or quietloud, it should therefore be recognisedanulti-dimensional attribute.

Erickson (1975)has elicited a list of some subjective parameters of timbre and their
counterpoing within the physical domai(irable5) with regards to fhusicorientated” sounds

These are based apfive dimensiongrom Schouter§1968)which he describes as an excellent
classifcation of perceptual analysis. These objective features take a step further than just
frequency content into identifying timbre and inclu@amics andrhusicality of the signal.

One technique employed to analyse the tinabt@ sound is a spectrogramhereby the whole
envelope, frequency content, duration ateadystat€ changes are captured. This allows
identification of not only the harmonic content and amplitude (as with an FFT) but the time at
which these harmonics occur and their duration. The opisate of a musical note is

particularly important at peeiving timbre, as colouration of the direct sound from early

S|t is recognised that this document is now supersededdyjsion ANSI S:2013, however subjective testing
assessig timbre (Bech Section 2.5) are all consistent with the definition in ANSI-$36D.
6 Steadystate does not mean that no changes are present but the sustain period to which a note is held.
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reflections may only impact the perceived timbre afiter noteon has occurred (Howard &
Angus, 2013)

SUBJECTIVE OBJECTIVE

Tonal Character, usually pitched Periodic Sound

Noisy, with or without some tonal charactg Noise, including randomulses
Colouration Spectral Envelope
Beginning/Ending Physical rise and decay time
Colouration glide or format glide Change of spectral envelope
Micro-intonation Small change (one up and down) in frequen
Vibrato Frequency modulation
Tremolo Amplitude modulation

Attack Prefix

Final sound Suffix

TABLB: LISTOF SUBJECTIVE ASPRDITHEIR PHYSICAURTERPOINTS REGNRIMUSICAL
INSTRUMENTATION TREB

Assessments of audio quality are often broken up into two mainagaferies comprising of
gpatial attributes $ection 2.4), andtimbral attributes. However with so many descriptors
available for timbral characteristicgjbjective testing can prove to &élifficult task. Previous
studies have assessed a subject’s perception of timbral quality as a(®hKleZielinski,
Rumsey, Kassier, & Bech, 2005)hilst other research delves further identifyingickh
descriptive terms can best describe this perceived change (Torben Holm Pedersen, 2008)
Experiments conducted with the use of individual vocabulary profiling (IVP) have also been
conductedKuusinen et al., 2014 hisgives subjects the freedom to develop their own set of

descriptions in the assessment of stimuli.

With perceptual evaluation and sound quality assessment becoming more popular in recent
years, there has been much need to try to consolidate verbal descriptors from across the
literaturein an attempt to provide uniformity throughout research and as such, is the focus of
Pedesen & Zacharov's (201paperIn the context of reproduced sound, this study takes a step
closer in delivering a universal list of descriptors for general usage. Taken across English,
German and Nordic material including scientific literature, papers, product descriptions and hi

fi magazines were 200 words. These were selected after the removal of repeated words and
words relating to preference and subjective likihg, @nd result was a “sound wheg@ligure

17) This alsoincluded assessing loudspeakgstems (recorded with aigl and Kjaer head
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and torso simulator) through headphones and 4 mono loudspeakers across a broad price range,

describing timbral/spatial attributes and differences that wereprmsinent.

FIGURE7: SOUND WHERETER PEDERSEN &HARD\(2015. INNER RING IS MARERCEPTUA
ATTRIBUTES. MIDDILIEGRCATEGORISES AND OUTER RING PROVHIHIVES.

Whilst there are mangtescriptors and even debates regardingléimition of timbre, most of

the evaluative terms seem to be in assessment of a sound source and not in describing the timbral
difference aeflectionprovides. Where first reflections halween assessed on the influence on
timbre (Sgren Bech, 1994l§Bech, 1995b) (Bech, 1996), definitions of timbre have been that

of the American Standards Institutén€Fefore, the descriptiasf timbregiven to subjects will

also follow the majority of research in using ANSdfinition.

2.7 SUMMARY

Through the review of this literaturea number of research gaps have been identiiddrge
proportion of studiedliscussed ha demonstrated that early reflections affect trmbral and
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spatialperceptionof a soundHowever,little has beennvestigated regardintheir effect on
listener's enjoymentKishinaga et al. 1979)Particularly for earlyertical reflections(and

elevated sound sources along the median plaes@arch considering their impact on listener
preference is even less apparent, even though a number of studies have discussed their ability
to alter the perceived timbre of the att/incident sound (Clark 1983)(Bech 1995)(Bech
1996)(Lee 2011). Much of the literature discussed has aiptoged minimal musical stimuli

and where musical stimuli is assekgeis not in the context of listeners’ preference. Therefore,

the need to investigate the perceptual effect of these timbral (and spatial) changes on preference
provided by a vertical reflection using musical stimuli, will provide useful information in our

understanding of sound within small rooms.
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CHAPTER3

REFLECTIONMODELLING

3.0 INTRODUCTION

Literature discussed throughdCihapter Zhasshown thatroom reflections have a great impact
upon the way we perceive sourttbwever, there is still a clear gap within research needing
investigation to determiniéthese early reflections have a positive or negative timbral or spatial
effect when listening to audio for entertainmednt.order to assess the effect of a singular
reflection on our perceptioim comparison to playback with no reflectipnsaterialwith the
desired propertiesould be placed at the point of reflection. However, in order for quick
assessment of different properties of this single reflection, changatgrial would be
unfeasible potentially introducing biaBhe reliability of a subject’'s acoustic memory in any
time gap also reduces any accuracy of any comparison (Pike, Mason, & Brookes, 2014)
Therefore, areflection was electreacousticallysimulatedby a loudspeakerThis chapter
demonstratethe setup of a secondatyudspeaker for coect simulation of a reflection along
with validation of the processing used.

3.1 INITIAL MEASUREMENTS

For the purpose of electroacoustic simulation of vertical reflections a number of preliminary
tests were needed to collect datd aimulatethe required saip. The testing took place in the
University of Huddesfield’s semianechoic chamberA brief experiment was conducted to
clarify the audibleimbral effect discussedhroughoutChapter 2, whereby a6mm plywood

panel with reflective veneered surface was installed at the first calculated geometrical reflection
point acting as a low hanging reflector. Sitting at the listening position, the author could clearly

hear an audible difference in timbre alomigh certain spatial attributes for musical stimuli.

For comparison, impulse responses were takath the above measurementsith
accumulating acoustic treatment along the floor and ceiling panel trussing. Once floor
absorption had been incorporated, no interfering reflections were observed Huy¢o that

of the direct sound. (An impulse response of thaipatimensions below can be seen in Figure
21).

x Listening height — 1.15m,
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x Listening distance — 2m,

x Ceiling height — 1.95m

X Loudspeaker — Genelec 8040a

X RoomEQ Wizard Measurement Software
X Interface — Focusrite Safire Pro 14

x Dbx measurement Microphone

3.2 LOUDSPEAKERDISPERSION

To prevent confusion, the following terms will be given to loudspeakers used. The loudspeaker
used to play the direct soumdll be referred to as thalirect loudspeaker’ The loudspeaker
used to replicate the reflection from above, will be referred to asdfiection loudspeakér

These can be seen in Figure 18.

ReflectionLoudspeaker

X?° 1.28m )
0.8m DirectLoudspeaker

Yo

Im

1.15m

FIGURES: REFLECTICBAMULATION SiEJP

To make the ceiling reflection realistic to replicate, it must also be representative of what is
being projectedby the direct loudspeakéBech, 1990)If a reflectionis simply replaced by a
loudspeaker pointing on axis to the receittee spectral contenwill not be accurate due to the
directloudspeakerdrequency dispersion. Published with the Genelec 8Gfethefrequency
responsest horizontal angles 15°, 3045° and 60° but neertical information Therefore,
measurements at a 1m radius at 15°, 30°, 45° and 60° were taken of the frequency response
vertically (Appendix B) Finally, the angle of projection for thelimensionsabove was

calculatedand measure(Figure 19).
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119 values of equal logarithmic distance were exported representing the difference between the

loudspeakers oaxis response and calculated angle across 20Hz — 2Ukisalifference was

then gplied tocascade filtersvithin MAX MSP to ensure frequencies delivered at the correct

amplitude by the direct loudspeaker, are replicated by the reflection loudsp&hlscan be

seen as a Delta Spectrum in Figure B dip seen betweenr3kHz is most likely dueo the

Genelec 8040a crossover paambound 3kHz.

Gain dB

Delta response

2

17 / NA—— adl
-4 / \ el

% /

. —/
b \/
-14

20 200 2000

Frequency Hz

Delta
Response

FIGUREO: DELTA SPECTRUM CERFENCY DIFFERENTHL KD TO SIMULATREFLECTION CHAN

3.3 CALCULATION ACCURACY
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Finally calculations were used to ascertain the required delay and global attehusgiog
dimensions specified in Section 3the calculationsresult in a time interval of 1.63ms
(Equation 9)and level difference of 2.2d@Equation 12petween the direct amdflected sound
as calculated below.

Direct sound delagloudspeaker to listener)

&EN %Uaeg()_él C 7
| 334 2298110 [7]
Where DirecCtpistance = 2m

Ceiling reflection @lay (loudspeaker reflection point — listener)

YA & bl ¢c0ac
g e 99410 [8]

Where ‘Ceibistance = 1.28mx 2 (see Figure 18)

Therefore theesulting time interval &ween the direct sound delay pfjd ceiling reflection
delay [§ is:

74410F58110= URU“™ [9]

Direct sound attenuation

(20 Uog( & ENARL ds5H0 @ $ [10]
Where Directpistance = 2m

Ceiling reflection attenuation

(20 Uog( %A E e dkb (10 Uog(1 FU) = 82@ $ [11]

Where; Ceilpistance = 1.28m x 2 and a boundary absorption leyel | 7KLV
absorption level was chosen to represent a highly reflective surface with the least amount of
absorption possible.

Thereforethe resulting level difference of attenuation between the direct sound [10] and the

reflected sound with minimal abgxion at point of reflection [11] is:

7 Associated with the amount of attenuation produced by ineesgiuare law, without frequency dependant
alterations made by reflecting surface properties or loudspeaker dispersion.
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[12]
82@¥60@% UUSnN

These calculated results were then compared against the gereasaredeflection (Figure

21), and show a small difference of 0.21aslay and0.37dB attenuation differencdt is
recognised that whilst these differences present between the calculated results and the
genuine reflection, changes in room temperature and absorption may possibly account for the
discrepancy. As these factors may alsvélyctuate, the author deems it acceptable to simulate

the vertical reflection using the calculations above.

As the reflection loudspeaker is placed halfway along the reflection path, values of 3.72ms
delay (7.44mdrom Equation[8] + 2) and 4.1dB attenuation (8.2dB frongiation[11] + 2)

were applied, with the inclusion of the disperdidter (Figure 20) for the simulated reflection.

The results from the impulse response with an eleatawustically simulated loudspeaker using
thesevalues of attenuation and delay, show an accurate simulation with a delay interval =
1.48msand level difference = 2.52dB. A comparison of the genuine reflection against the
simulated reflection using the calculated values can be seen in Figures 21 and 22, along with

related frequency response measurements in Figure 23.

-257 dB -252 dB
-2
-4
-6
-8
dB
Oms 1.42ms oms 1.48ms
FIGURRL: IMPULSE RESPONSH=RNAKSINC FIGURR2: IMPULSE RESPONSENAKSING
GENUINE REFLECTION SIMULATED REFLECWJIMNH VALUES OF -

4.1DB ATTENUATION AND BIBDELAY
It is also noted that the differences between the genuine reflection (Figure 21) and
simulated reflection (Figure 22), are smalllean those between genuine reflection and what

was calculated in Equationsa@d12. Therefore it is reasonable to assume that subtle changes
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within a rooms’ environment may be the cause of small differences however, the calculations
can still be ged to replicate an accurate reflection.

Genuine vs. Simulated Frequency Response
80

70

/N W VIR

Magnitude dB
o

40
30

20

20 2000 20000
Frequency Hz

—— Simulated Reflection Genuine Reflection

FIGURE3: FREQUEN@QRESPONSE OF DIRBLIDISPEAKER WITH BNGINE REFLECTIOR)
SIMULATED REFLECTION

This chapter has shown that following these equations and calibration process, an effective
ceiling reflection can be modelled using a loudspeaker. This will allow quick comparison of
playback with and without a reflection, along with further manipulation of the ceiling
reflection’s frequency characteristics.
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CHAPTER4

EXPERIMENTONE

4.0 INTRODUCTION

With little literature in the field concerning thpreference of a vertical reflectipthe aim of

thisfirst experimentvas to provide new data regarding thagnitude operceivedimbral and
spatialdifferences and a listenengteference of a singular ceiling reflection. As reviewed in

the literature throughouhapter 2, the importance of first geometrialectionpoints have

beenof particular interest in studio/control rognconcert halls and more recently small rooms.

It has also been demonstrated that these floor and ceiling reflections add timbral and also spatial
alterations to our sensory process of the direct sound. Ther#fisrstudy will focus on the

first geometical ceiling reflectionFloor reflections will not be covered in this thesis but will

be a topic of discussion lateCliapter 7).

4.1 METHODOLOGY

Subjective testing was employed to study lineel of preferencef a listener betweethe
reproduction of sound with or without a reflectias well asinvestigatingany correlation
betweenthis preference and the magnitude of perceitretbral and spatial differences. The
motivation behind this experiment was to ascertain if this increased or decreased magnitude
perceived timbral or spatial changeuld indicate a beneficial or detrimental contributitmn

our enjoymenbf audioand consequently, if the reflection it actually neaxdbe removed or

not A vertical reflection was electracoustically simulated following the procedsteown in
Chapter3 within the University of Huddersfield’semtanechoic chambeiFigure 24). This

was to ensure that subjeetsuld be assessing a single vertical reflection without the presence
of any other early reflections or reverberation. The reflection replicated was based on the

following dimensions
Listener distance -3, Listener height — 1.15m  Reflection Point- 1.95m

A listener distance of 2m watiosen as minimum outlined IMU-R BS.11161997, however
with certain height limitations of theemianechoic chamber a slightly shorter vabdid..15m
for listener height was chosen rather than the recommendedTh2malue o&1.95mvertical
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boundarywas chosen as an extreme case. The author recognisesilings are seldom this

low, orthatreflectors/absorbers are very rarely hung from the ceiling at such a low. lright

to available resources of an acoustically dead environment, this was a physical liroftdten
semtanechoic chambes size However,for this first experimentn exaggerated reflection
would be useful to determine initial results and provide a comparisduartber studiesThis
reflection path of 2.56r(source to receiveryould result in a delay df.63msand attenuation

of 2.2dB below the direct sound which is similar to that of the frequency independent floor
reflectionof that reviewed in the literatu(Bech, 1996)Section2.7.1) butwith differing angle

of incidence and frequency content.

FIGURER4: UNIVERSITY OF HUDBHRLD SEMI ANECHCHBMBER SETUP OF EXPERIMENT O

A paired comparison method of assessmentavasernSection2.6) whereby subjects had the
ability to switch between two plagck methods of a stimuli, amanytimes they wished.
Broken into two sectionshe first assessmenwas to simplyascertain subject’preference
between stimuli. The second section focused on the magnitypeéecafived timbral and spatial
difference between stimuli. The labetlg of stimuli was presented a&éference’and
‘Processed Reference triggereglayback of program material through just the direct
loudspeaker, and processed through both the direct loudspeakés aespectivesimulated
reflectionthrough the reflection loudspeakd@ihe author understantise use of such labelling

may possibly biasubjects’responsgas a processed sample might imply an improvement).
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However,participantsvere unaware as to the nature of the experiment and all equipment was
obscured via an acoustically transparent curtain to elimarateisual bias (Toole & Olive,

1994) In additionto this subjects were told that playback of tipgocessedsamplecould

result in better, worse or even aleange in reproduction. A tablet interfagasdesigned and

used throughout all testing to minimise any possible reflections that wihddvisebe present

when using laptop on a table. The ergonomic design of the tablet séf(Fapere 25) was

such that subjects required minimal head movement whilst assessing audio, with stimuli
triggers located at thumb locations. All data was sent/receivetkasly via a MAX/M®P patch

where all processing and stimuli control took place.

FIGURRS: TABLEINTERFACE DESI

Main sample triggers are placed in thumb locations for ease of use without subj
having to move their head.

4.11 SUBJECTS ANDADMINISTRATION

Subjects participating in this experiment were migbdity from selected assessors to expert
assessordSO 85862:1994recommended application to the field of audio (Bech & Zacharov,
2006) within the University of Huddersfield. Thirteen subjects in total took part in this
experiment and all reported normal hearing acuity. All subjects undertook a familiarisation
exercise at the beginning of the experiment. This consisted of three paired comparisons of
different genres presented in a similar style to that in Figureittithe absence of any scales.

Samples used in this exercise wereus®d for the following tests but are representative of the

8 Touch OSC software developed by Hexler Ltd.
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extreme differences of timbral and spatial changes of samples showection$t.1.2.
Comparing these stimuli, subjectgere instructed to listeto any perceived changes the
‘Processedsample had in comparison to tieeference'sample. This was to confirm that
subjects could both hear differences between the two and so they may understand vatiat kind

differences may be perceived.

4.1.2 STIMULI

Few subjective experimenia the field of vertical reflectionbiave focused on the use of
musical signals and haveamly usedspeech, noise or tonal samples. This investigation hopes
to establishresults more applicable to the preference of a signal comrhealglin everyday
listeningof audio.lIt is highly unlikelyfor people to be listening to pink noise or sinusoids in
the context of listening for entertainment, or to base a preferéneseforefive music signals

and one speech sign&b comparison) wrechosenTable 6) all possessing different spectral

andtemporal characteristics (se@pgendix Afor sample FF3).

Excerpt Duration  Characteristics
A AT A Wlneh,ouse LS Transiem kick and snare drum hits armhare rolls
Track You know I’'m No Good
g Artist: Newton Faulkner 11.87s  Sustained guitar notes and transient percussion
Track Feels Like Home guitar body. Guitar and string noise
c Artist: Joe Satriani 4.45s Hirhats sample chosen for isolation of high frequer
Track Satch Boogie content
D Artist: Sam Hulick 13.75s , :
Track From The Wreckage Full range orchestral sample with sustained notes
g Artist: Caro Emerald 4.95s Lowi stvle piano
Track That Man yiep
F  Artist: 13.0s , .
Track Foreign speech signal

TABLE: TABLEOF STIMULI

4.1.3 PREFERENCETESTING

Verbal and writteninstructionswere given to subjects to compare stimulRéference’and
‘Processet and assess thesimply basedon thar preference. It was highlighted that the
context of this assessment should be thought,dliatening for entertainmerand pleasurg

i.e. within a home theatre. The level of preference given would indicate how preferable the

playback with the reflection (processedjample was oveplayback with just the direct
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loudspeaker (reference bipolarrating scale was employeangingfrom -50 to +50. Highly

not preferred corresponded to50 and conversely, +50 indicateHighly preferred ‘No
preference’ was located at the middle equal.t8ubjects had full freedom of adjustment with

a step size of 1.0, and wdmdd to think of this scale as a linear progression between the two
opposing ends Each comparison was presented three times and randomised throughout both
tests of preference and perceivedgnitude othange. 18 comparisons were madotal for

each test.

4.1.4 PERCEIVEDDIFFERENCETESTING

Following the preference test, subjects were thsimucted to assess the same set of stimuli for
the perceived timbral and spatial differences. The stimuli were presented in a randomised order
from the previous test to minimise carryover effect. Unlike studies by Bech (1995 wil89@)

the amplitudeof a reflection requiretb producea (timbral) change is investigated, this takes a
static level and focuses on the perceived magnitude of ctiamgeflection providesmbrally

and spatially Descriptions of spatial and timbral characteristics (Appendix C) were presented
to the subjectaindused to aid the assessment, providattgibutes the user might feel best
describe the timbral or spatial change perceiibjects were instructed to identify the nature

of this difference through theskescriptions provided( their own descriptiorgnd state if this

was a positiveor negativechange.The description of timbre was presented to subjects in
accordance with ANSI standar8ection 2.6.2).

In replacement of thpreference scalfor the second testvasa ‘perceived differencescale.
Although this is not a recognisedalewithin the literaturescales discussed $ection2.7 and

in further literature all have negative or positive connotations regardingldbeifting. For
instance, a ‘degradation comparison rating’ (DGBjle could have been employed however,
this would imply that the subjec assessing th&focessetstimuli in terms of it being worse

and not how much change has occurred. The use of negative and positive labellingsof scale
like this could possibly bias subject’'s response thergtbee scale showin Table 7 was
employedIt is acknowledged that this scale includes lewé&20 as No Differencehowever,
subjects were clear this was the lowest category on this contisoales The ordesf test one

and two was conductespecifically so that no preconceived thoughts about timbral and spatial
attributes would influence subject’s preference, although a subject may prefer one stimuli over

another based on these attribyiesvas purely through their own thought process.
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TABLE: ADAPTED-BOINT GRADING SCBEE
PERCEIVED DIFFERENCE

80-100

Extreme Difference

60-80

Great Difference

40-60

Some Difference

2040

Slight Difference

0-20

No Differerce

4.2 RESULTS

4.2.1 GENERAL OBSERVATIONS

ShaprioWilks analysis of distribution show that for preferencenly 2/6 samples were

normally distributed, 5/6 samples for spatidifference were normally distributed and 6/6

samples for timbraldifference were normally distributed (Table 8). With a mix of normal and

nonnormally distributed data, standard parametric analysis of data would be unsuitable

therefore norparametric statistics were employed (Figures 26 apd 27

Preference Rating of Playback with Reflection

Highly Preferable 50

No Preference

Level of preference

HighlyNot
Preferable

>
w—

m-
-

C D
Sample

FIGUREG6: PREFERENRETINGS ACROSS AIRJECTS FOR ALL BTIN
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Spatial and Timbral Difference Perceived with Reflection

100 o
Extreme

difference
80

Great differencN\NRN

\
Slight differenc

No
difference

Magnitude of perceived change

Sample

FIGURR7: PERCEIVEBEAGNITUDE OF CHANGH INGS ACROSS AIRJECTS FOR ALL BTI

ShaprieWilks Statistical Analysis of Normality

Preference Timbral Difference Spatial Difference
Sample DF Sat. Sig. p) Sat. Sig. p) Sat. Sig. p)
Drums 0.916 0.975 0.522 0.955 0.125
Guitar 0.92 0.977 0.605 0.95 0.176
Hi-Hats 39 0.96 0.178 0.968 0.314 0.959 0.167
Orchestra 0.919 0.963 0.231 0.972 0.437
Piano 0.939 0.95 0.08 0.906
Speech 0.917 0.401 0.967 0.299 0.953 0.101

TABLE: SHAPRIGQVILKS STATISTICARTTEOR NORMALITY V&P SIGNIFICANCEHEIE

Observing the results of subjecpreference of théfocessetisampleagainsthe ‘Reference’
sample, five of the six samples have a median greater tharTheswouldinitially imply that

in the majority of casesplaybackwith the reflectionwas favoured by subjectl turn, this
would suggestthat the reflectionprovided beneficial timbral and/or spatial differences
However this is with theassumption that onpatial and timbral differences contributed to the
cognitive process for subject’s preference (Figur&ainple ‘C’ (HtHats)was the only sample
whereby playback was preferredthout the reflection, with the median lying beneatto’
preference’ As no procedural error (Bech & Zacharov, 2006é¥ observed throughout testing,
the outliers observeth Figures & and Z cannotbe discountedRegarding the magnitude of
perceived change, nearly all subjects gefceivea change bothtimbrally and spatidy.
However,both tests display a spread of data oviarge margin of erroand through visual
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investigation of kgures 26 and 27, it idear no significant difference can be found. Therefore,
the use of significance testing for nparametric data such as Wilcoxon or, Maithitney U

significance testing isot employed.
4.2.2 SUBJECTRATING CONSISTENCY

Some regonsedor arepeated sample weseen to have a large range therefin@as within
the author’s inteest to observe each subjectistrarater reliability’® (Zacharov & Mattila,
2001) As mentioned in &ction4.1, sixdifferent stimuli were used throughout testiagd
repeated twanore timesn a randomised orderesulting in 18 ratingper subjectSubjects
were unawaréf any varying processing had been appliedhtese repeating sample@vhich
had not) The main reason for the inclusion of these repetitions walssirve the reliability in

subject’s response

To identify inconsistent ratingsf a subjecta margin of differencevas applied in order to
address any large ranging resporfeegny one sample. The scale employed ranged f&@m -

to +50 thereforesubject’s whose rating for a single sample differed by 25 or more points were
initially removed from the data seéklthough this may seem a large degree of inaccuracy, a
subject’s ability to reliabljand accurately place an indicator on a saaildin a snallermargin

based on a perceptual attribute was not the focus of this investigation. A tthgéthe scale

would also allowfreedom of respons#&Vith thirteensubjects taking part in total assesssing
samples, 78 consistency ranges were reviewed. Highlighting subjects that exceed this
discrepancy of 25, the following points can be drawn:

x 21/78 esultsfor subjects preference exceed@.

x 33/78 resultgor subject’'smagnitude of perceived timbral cliggnexceeded5.

x 32/78 resultdor subjects magnitude of perceived spatial chargeeede@®5.

x Split of preference can also be observed between positive and negative preferesse

all subjects

ShapiroWilks normality test and noparametric analysis as then reconducted with the
removal of these resulf{seferred to as ‘selected da}and were seen to make litddference
to the normality of resultsshown inFigures26 and27. Therange of selected data still spans

the extremes of the two scalesid median values remaining positive and negative for the same

°The consistency of results for repeated comparisonsspbject.
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samples as before h&refore,the author sees no reason to exclugiponses greater than a
discrepancy of 25Although all subjects can be quantified in termsseflécted assessors’ to
‘expert assessors’ (Section 4.1.1), arannot argue that subjesdid nothear a different level

of timbral and spatial difference or preference throughout the assegentbiet same stimuli.
These inconsistent ratings may well be intentionala@ndd be du¢o a number of factors such

as subconscious effects thinking or presumingeach sample must be different, simply
perceiving something in a repetition not heard previously and/or auditaptation(Pike,
Brookes, & Mason, 2013preferential change throughout the testing could be an area of further

investigation.

4.2.3 PREFERENCESPLIT

50.007 O g o o
8
40.00 g g 8 % 8 é
- 8 ]
30.00 g E g 8 g o
20.00] g o 8 o
8 8 8
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FIGURES: PREFERENESE. PERCEIVED TIMBRND SPATIAL DIFENGE FOR ALL SAMPI

Investigatinghe data furthem scatter analysis of subject’s preferenesas plottedFigure28)
whereby a split can be observédvas therefore hypothesised that by splitting these results of
subjects preference, two directions of theognitive processes(Figure 1) between the
‘perceptual domairand‘affective domainmay be seen. Results of preferemege segregated
into two graphs representing subject’s preference levith their correspondingalues of
perceivedtimbral and spatial differencell values of positive preference were averded
along withtimbral and spatial differencesdplotted in kgure 29 andvice versa for values of

10 Meanaveraged values
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negative preferenda Figure30. Pearsorcorrelation coefficienanalysisreveas the following

relationshipsetween all three response ratings

x Correlationof +0.81 for musical stimuli (AE) between positive preference level and
perceived timbral change
x Correlationof +0.85for musical stimuli (AE) between positive preference level and

perceived spatial change

With the inclusion of sample ‘F’ (speech), correlation coefficients significantly reduced. The
only correlation noteworthy being between preference and timbre yidddidg These values
could suggest that when subjects vote increaspuagitivefor the inclusion of a reflection, they

do so based on the increasing magnitude of perceived timbral and spatial change.

POSITIVE voting subjects for preference of playwébkreflection, against
respective perceived timbral and spatial difference
. 50 - - 100
Highly
Preferred 40 - - 90  Extreme Difference
30 - - 80
20 - ‘_W - 70 GreatDifference
10 - - 60
No 0 . ~ - - - 50 Some Difference
Preference s 8 st Qe
-10 - 4 8_ O - 40
- [P o= "-.<>
-20 - O - 30 Slight Difference
-30 - - 20
Highly 40 - - 10 No Difference
Not Preferred 50 J A B C D E F L0
Sample

FIGURRS: MEANPOSITIVE PREFERENEVELS AND RESPHECVIEYAN LEVELS OFGHREL
TIMBRAL AND SPATIAL CHANGE

Preference i Spatial ’ Timbral = [} =

When a subject’s preference wasgativewith the inclusion of aeflection(Figure 30) the
perceived level of timbral and spatial differences were very similar througtionrtusical
stimuli (A- E) with high correlation of +0.89. However, this final observation is not in relation
to preferencdevel, and can therefor@nly imply that when subjects do not prefer a reflection

they may judge the magnitude of timbral and spatial difference it provided at a similar level.
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NEGATIVE voting subjects for preference of playbébkreflection against
respective perceived timbral and spatial difference

Highty 907 r 100
Preferred 40 - - 90  Extreme Difference
30 - - 80
20 - - 70 GreatDifference
10 - - 60
PrefNe\cr)ence 0 50  Some Difference
-10 - 40
220 - - 30 Slight Difference
-30 - - 20
Highly -40 - - 10 No Difference
Not Preferred 50 . A B c D E E Lo
Sample

Preference s Spatial ‘ Timbral == [} =

FIGURBO: MEANNEGATIVE PREFERHENEMELS AND RESPECVIEFAN LEVELS OFGHREL
TIMBRAL AND SPATIAL CHANGE

4.2.4 DESCRIPTIVETERMS

Theexperiment thus far has showat both spatial and timbral differences are heard with the
presence of a vertical reflection, supporting work discussed in the literature rélssy.
subjects did not perceive a static amount of chanlget that this changmay increase and
decreasedependant on stimuliFollowing the results of the correlation analysighich
suggestedhe preference of musical stimuli could be based wpoagnitive assessment of
timbral and spatial attributes, this sectiams to identify whictperceived timbral or spatial
attributes impacted subject preferencé& free verbalisation task took place after each
comparison to describe any timbral and/or spatial differences heardtate if this was a
positive or negativeeffect Semantic analysisf descriptions was conducted to lemmatize
descriptions and auditory sensations to their base level (e.g. the respdudlerdf “fullness’

and ‘fullest” all possess different suffix, but can all be categorised by their stem adjective
“full”). By consolidating all subjectspreference levsl and thesetimbral and/or spatial
descriptiongor eachstimulus aconnectiorwas observed regarding subject’s descriptive terms

and the preference level for that sample.
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Attribute Occurrences
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Throughoutall descriptions of spatial attributes, the most comgnased to describe auditory
sensationswvere “vertical image shift and “greater vertical spread (Figure 31). As the
experiment took place within a semnechoic chamber, it is reasonableassumethat the
addition of a vertical reflection provided these spatial cdesvever in cases where either of
thesetwo attributeswere consistently mentioned from a singdabject for all samples, the
subject’s preference level varies from positive to negafives couldtherefore imply that
another factor is influencing subject’s preference to a greater etktantspatial attributes
causing it to vary from negative to positiv®r that because these two attributes were
consistently observed, they were consistegitlyer a positive or negative perceived effect and

therefore, provided aroffset to subject’s preference.

Descriptiveterms usedby subjectgo describe timbre vaed (Figure32). The most commonly
usal adjectives @ describe a negative attribute wetdin®, “nasal’” and ‘boxy’. In contrast
those used to describe positive characteristics Wari:, “rich ” and “clear’. Elicitation and
individual vocabulary profiling are beyond the scope of this papemain goal herevasto
see if these negative and positiverdscorresponded with subjéstpreferenceNoticeably,
the use of bright” was the most frequent but interestingly, was used to dedwoibenegative

and positiveperceivedchanges.
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Attribute Occurrences
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Whena subject’s level of preference of playback with reflection was positive, the majority of
timbral descriptions were also positive characterigiss mentioned by subjeyt and vice
versa when preference was negative. Overall, 10/13 sisbgatibral descriptions followed
subjects negative and positive preference for 80% of stimuli, unlike spatial attributes that
remained largely consistent throughotiberefor, it is not unreasonable to assume that
regardless of a positivéor negative)spatial impression, most subjectsreference of a

reflection is largely based on their perception of a timbral characteristic.

43 EXPERIMENT ONE SUMMARY

This experiment comprises the first of two studies focusing on preference and magnitude of
perceived timbral and spatial differences. Thellteshave provided new data regarding these
attributes when playbadkcludesa first geometrical ceiling in the context of listening for
entertainmentFurther discussion of these results is included following the analysis of the

second experiment in Chapter 6
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Initial conclusions from this experiment are

X No singlecorrelation can be found between magnitude of perceived timbral and spatial
difference and subject’'s preference to estimate the enjoyment of playback with a
reflection.

x No significant difference is observed of therceived timbral or spatial difference when
a reflection is present betweah stimuli.

X No significant difference can be seen through variation of program material with regards

to subjectspreference of a reflectiorelmg present.

Howeverthe experiment has highlighted some interesting resulisthe following poing

possiblyleadng to further research to provide clarification:

x Positive and negative levels of preferecoald possiblybe based upon twaifferent
cognitive processem a semianechoic listening environmenYlean positive voting
preference highly correlated with mean perceived levels of timbre and spatial attributes
for all musical stimuli. This Implies thadositive preference may be based upon the
magnitude of perceived changes.

x When subjects did ngrefer playback with the reflection, perceived mean timbral and
spatial differences were rated similar throughout musical stimuli.

X Subject’s description of negative apaisitivetimbral attributesgenerally corresponded
to subject’s preference of playback with the reflection. This implies timdral
attributes contributed highly to a subject’s preference.

X Where consistent use of spatial attributes wlaserved, preference of playback with
reflection would still vary from negative to positive. This suggests either spatial change
did not have a great enough impact to sufficiently alter a subject’'s preference. Or,
subject’sconsistentlyperceived these tabutes as a beneficial or detrimengdfect

regardless of stimuli.

44 LIMITATIONS OF THIS EXPERIMENT

=

This experimentsuggests some possible results regarding preference and the influence o
timbral changes. Asrpviously stated, experimenhewaschosen to beonductedwithin a

semtanechoic chamber to remove all other reflections theredesessingriteria solely based
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on the contribution of a vertical reflection. However this is a scenario seddemin domestic

environments and is addressed in experiment two in Chapter 5.

The loudspeakeusedto simulate a reflection had processingSFHL attenuation, dispersion
characteristics and delaygpresentative of a true reflectioNeverthelessplayback of the
program material with theeflection increased the SPL levels at the listener position by roughly
1.5dBabove playback with just the direct sound. Arguments can be made both for and against
this loudness differenc®n one hand, it is often considetbdt when people are askedigrh
sounds ‘better’ out of the same piece of music played at different volumes, they're likely to
choose the louder one (Vickers, 20Mijner, 2010) Thismay suggest the majority of people
would prefer playback with the reflection as the voluah&stener position was increased. On

the other hand, this level difference is representative of what would happen with and without a
reflection present. Therefore, calibrating playbattk the reflection loudspeaker to equal SPL
levels of just the diredoundwould technically not be assessing tddition of a true reflection,

but of an elevatd sound source. This is addressed in the second experiment of this research.
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CHAPTERD

EXPERIMENTTWO

5.0 INTRODUCTION

The aim of this experiment is to investigate the effects of a frequency dependant reflection on
a listeners’preference in a more realistic listening environmé&nbm the free verbalisation
taskin experiment onehe descriptors given by subjedhroughout each paired comparison
suggestedthat negative and positive adjectives useddé&scribe timbre, in most cases
corresponded with subject’s level of prefererde.limitations were imposed on descriptive
words subjects could usedescribe anyifferences heard. &llong as subjectssed the correct
terms to describe the auditory sensatidhis seemed suitable The following experiment
continues thisfocusng mainlyon the use of adjectives and sulgepteferencenore indepth.

As no singlecorrelation could not be found betweéemagnitudeof perceived timbraspatial
difference and preferencemagnitude of global spatial and timbral differences is not
investigatedchere. Fothis experiment, frequency content of the reflected sound is manipulated

to investigate if this affects subject’s preference and responding attributes.

5.1 METHODOLOGY

Subjective testing was used to investigate leskfsreference of sound reproductioittwand
without the presence of a vertical ceiling reflectas before Subjects were instructed to
verbally feedback to the assessor descriptive tadirectly describingvhythey preferred their
chosen playback option. The previous experiment usedtadie to describe the magnituaie
perceived timbral and/or spatial change, and ttressreferenced withsubjects preference.
Therefore,anindirect observation could be made as to whether ghe$erence was based on
the negative or positive perceived changes. In this experiment, directly depatily subjects
preferred their choice of playback eliminatasy error withinterpretingresults between the

two.

A vertical ceiling reflection wa electreacoustically simulated following the procesd®mown in

Chapter 3. This time, the experimewis conductedin the University of Huddersfield's

11 Discussion during the free verbalisation task with each subject ensured that the responded attribute
represented the subject’s perceived effect. This was pudlalgificationand the assessor was cautious not to bias
attribute response.
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‘Applied Psychoacoustig Lab’ listening room(Figure 33) compliant with ITUR BS.1116
regulationswith additional floor absorptionExperiment onewas an exaggerated scenario
conducted in a serainechoic chamber with a low ceiling reflection which, whesessing
single reflection in a room with n@flections clearly affectedthe subje® spatialresponse
Therefore the addition of thisound fieldwill provide better applicability ofesulsto a real
world listening scenario. The ceiling reflection was replicabeded on the following

dimensions:

Listener Distance 2m, Listener Height — 1.15m, Reflection Point- 2.2m

FIGURB3: UNIVERSITOF HUDDERSFIELD'BIAED PSYCHOACOUSIAB ITR
BS.1116 LISTENING ROOM

Following the calibratiorprocess in Chapter 3 wherellirectpistance = 2m and Ceilpistance

=1.45m x 2(defined from the dimensions abovejjuation B] results in a ceiling reflection

delay of 8.4mandEquation [L1] in 9.2dB ceiling reflection attenuation. As before, these values

are halved to simulate the reflectismom halfway alang the reflection pathresulting in
processing of 4.2ndelay andt.6dB attenuatioriJsing these values, ampulse was taken and

a discrepancy of0:57dB level and 0.296mdelay was observed between calculated and
simulated resulta3/Vhilst not exacttheauthor feels as though due to subtle differences in room
temperature and absorption, calculated values mayyaltave a small margin of error when
compared to a genuine reflection as seen in Section 3.3. Head movements were also not

restricted by the usef a head clamp for either experiment. Therefore, while subjects are
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instructed to remain as still as possible facing forward, minor head movements will always
incur small changes to delay and attenuatibithe listener positionFor these reasons, the
discrepancies observed for both experiments were deemed small enough to be acceptable for
this Thesis.

Regarding the simulated heighlth@ugh still not as high as domestieilings,the author did
not want to make too greater change to heightanjunction with therooms natural
characteristicsThe addition of too many changtsthe experiment may prove difficwithen

discussing reasons in any noticeable differences betiesaits.

A paired comparison test was employed as befloreassess plback withjust a direct
loudspeakeragainsta direct loudspeaker with its respectigeiling frequencydependant
reflection. However unlike the previous experimewmtere stimuli were presented as
‘Reference’ andProcessed stimuli were presented a&' ‘and ‘B’ to subjectseliminatingany
potential bias when choosing preferendayPack with and without the presence of the ceiling
reflection wasalso randomised betweem” and ‘B’ ensuring subjest could not become
accustomed to a certain playbaeWth a particular stimuli selection and can therefore be
considered a blind AB comparison test. As before, all equipment was obscured from view with
an acoustic curtain to retain no visual bias. Suljeesponse of preference was performed on
a tablet Figure 25) for reasons discussed iaclon4.1. The stimuli chosen for experiment two
wereconsistent with those of experiment deeeSection4.1.2).

5.2.1SUBJECTS ANDADMINISTRATION

Subjects participating in experiment two consisted of academic staffgaaktate students

and lecturers dahe University oHuddersfieldspanning assessment abilities outlined in Section
4.1.1.Elevensubijects in total took parsix of whom participated in the previous experiment

All subjects took part in a famrisation exercise before beginning the tésie $x samples to

be assessedere presented as a paired comparisitim and without the reflectionno labelling

was necessaryA'/’B’) as no subject response was needed. Subjects were instructed to go
through all pairs and listen for differences between the two playback options per sample
understandingfrequency content, temporal characteristggatialand timbralchangesThe
reflections beingimulatedor thistrainingexercise were frequency independavith only the

direct loudspeaker dispersion altering spectral cormtiettite reflection loudspeakefo gain a

controlledresponsef descriptorssubjects were also handed an adjective response sheet (see
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Appendix D). This list of auditory sensations and correspondiegcriptions meant that
interpretation of each sensatimould remain consistent across all subjects, rather than being
dependent upon each subjecbwn interpretationThe main content of this is taken from
Torben H. Pedersen & Zacharov's paper (2@$ussed earlier inegstion2.6. Howeverthe

inclusion of vertical spatial sensations had to be included for the nature of thisi@ackyvith

omitting artefact descriptions such signal relatedssues and noisehich are not assessed

The test began once any remaining questions were answered and subjects agreed that they
undersbod all descriptive terms to be used.

5.2.2PREFERENCETESTING

Subjects were given verbal instructions to assess stidvuéigainst stimuli B’ and use the
presentedcale to indicate their level of preference. As in experiment one, the context of this
assessment should be thought of in termdisiEhing for entertainment or pleasurand not
critical assessment of mixing. The scale employed was an adaptdn of that in ITLR
P.800:1996used in Zacharov & Lorho (2004¢en in 8ction2.6.1.The scale employsBoints

and full freedom of adjustmerd step sizef 0.1,with the addition 0D.5 tails to eliminate end

bias 6ubject reservations in going to extreme values). The anchors of the words were presented

in Figure 34.
Prefer A Prefer A Neither prefer Prefer B Prefer B
extremely moderately Anor B moderately extremely
[ [ . I |
| | | |
Prefer A Prefer A Prefer B Prefer B
very much slightly slightly very much

FIGURB4: REPRESENTATIONPREFERENCE RASDILEMPLOYEI

After eachpaired comparison, subjects were ast@describe why they preferred A/B using
the descriptive sheet provideahd instructed t@dhereto these as much as possilifeany
auditory sensation was not categorised by given words subjects felt needed to be used, a note

wastaken by the assessor.

Throughout the experimengubjects would be assessing playback with the direct sound vs.
playback withdirect sound and an assatedfrequency dependameflection. The varying

frequency dependant signal would be the removal obbeght single octavband ranging
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125Hz - 16kHz from the reflection The applicability of this frequency dependant reflection
can be hought of as an absorber with an octaeedtarget frequencywith an absorption
coefficient of 0.99. This was reasoned to be a more realistic scenario tbanntspoint of a
reflector, reflectingust a specific frequency. Octabend removal was achieved usig2"
orderstop bandutterworth filterapplied in MAX MSP, allowng variable input of upper and
lower boundsat the 3dB point of the rise and fall &ach side. With six samples and eight
octave filters being applied8 comparisons were made per sghjUnlike experiment one,
each comparison was n@peated three times as this would have resulted in 144 comparisons
resulting in subject fatigueBoth samples and all octawand filters were randomised

throughout the experiment

5.2 RESULTS

This section will provide an overview of the results from experiment two followed by a
discussion of both experimenin Chapter 6lnitially, the raw results must be sorted in terms
of how much each subjepteferred playback witlvithoutthe reflection. Throughout thA/B
comparison, playback with/withotite reflection altered between ‘A’ and ‘B’hé&refore the
resultsneed to be sat so that one particular playback option is anchored @and the other

to ‘B. After sorting, values above zeawrrespond toplaybackwith the reflection(‘B’),
negative values witho(tA’). Whilst sorting when this was not observed and positive values
were associated with playback withthe reflectionthese values were revergedy.Table9).

This techniquédsimilar to that of Lorho and Zacharoz (2004)), assuthassubjecs treated

the response scale symmetrically.

Example| Preference B= Preference B=
level level
1 2.17 With Reflection -> 2.17 With Reflection
2 >

TABLE: EXAMPLDF ANCHORING RESBHBNEEN PLAYBACK OPTIONS TO POSINWAS AN E
VALUES

Subijects Level of preference of playback with the reflecti

5.007
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Direct + Reflection
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2.507
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