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ABSTRACT

A sound source’s apparent distance provides information
about spatial relations that can have primary salience rel-
ative to other dimensions, including azimuth and eleva-
tion in the scene of a story told in 3D. Having methods
to create a sense of presence and to control this attribute
in immersive content are therefore valuable capabilities in
sound design, particularly in object-based audio. This pa-
per examines the ability of the reverberant spatial audio ob-
ject (RSAO) to cue apparent source distance, using acous-
tic parameters extracted from publicly-available spatial
room impulse responses (RIRs) of real environments mea-
sured at a range of source-receiver distances. The RSAO’s
spatio-temporal reverb representation derived from the di-
rectional B-format RIRs encoded the timing, direction and
timbre of early reflections, as well as the onset, colouration
and decay times of the late reverberation, which were ren-
dered over a 42.1 setup in an acoustically-treated listening
room to provide a quasi-transparent pipeline for the repro-
duced room impression, from recording to listening. An
objective analysis of re-synthesised RIRs and re-estimated
parameters demonstrated the pipeline’s transparency for
the majority of parameters, but spectral leakage of band-
pass filters in the late tail promoted reverb time conver-
gence across bands. Formal listening tests evaluated the
apparent source distance that participants perceived via a
multi-stimulus rating method. Statistical analysis indicates
participants perceived reproduced distance changes, with
logarithmic distance resolution inside the rooms’ critical
distance. Beyond this, ratings tended to saturate. These
effects were clearer in the large hall than in the classroom,
and for the voice source than the percussion. Overall, re-
sults suggest that the RSAO can provide appropriate cues
for source distance perception with resolution compara-
ble to natural sound fields. Further work will investigate
how distance perception performs across reproduction se-
tups and develop methods to extrapolate source distance by
adapting the RSAO parameters.

1. INTRODUCTION

Distance perception is one of the natural capabilities of
the human auditory system. The human ability to perceive
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sound source distance is not as sensitive as directional per-
ception of the sound source. Nevertheless, it offers com-
plementary information for localisation, enabling the 3D
spatial position of a source to be perceived.

Distance perception depends on the environment in
which the source signal measurement is performed. Sig-
nal energy concentrates more in closed environments like
rooms, concert halls or auditorium, as compared to open
external environments. Nevertheless, there was a study
on sound source distance perception in open environments
ranging from 25m to 800m [1]. This study subjectively in-
vestigated the distances above 25m may be under- or over-
estimated as compared to the physical distance. But dis-
tance perception study in indoor environments is interest-
ing and has many applications. Particularly in entertain-
ment applications, source distance control enables a pro-
ducer and a listener (through interaction) to create an im-
pression of a source being shallower or deeper in an acous-
tic scene.

One of the strongest cues for distance perception is the
sound intensity. But intensity is functions primarily as a
relative cue [2]. Most of the studies agree that the rever-
beration of the environment is as an absolute cue in the dis-
tance perception [3,4]. Apart from the sound intensity and
reverberation, spectral cues particularly high frequency at-
tenuation is observed with the increase in source distance.
For distances greater than 15m, air absorption modifies
sound significantly and can be viewed as low pass filter-
ing effect [S]. There are other cues like binaural cues for
nearby peri-personal sounds, and dynamic cues that have
also been found to influence distance perception [5].

In this work, we mainly focus on the effect of rever-
beration on source distance perception in the context of
object-based sound reproduction. The Reverberant Spa-
tial Audio Object (RSAO) [6] is a method to parameterise
the spatial room acoustic information for reproduction in
the form of object-based spatial audio [7]. The object-
based spatial reverb has been earlier studied and evaluated
for different perceptual attributes [8]. This work investi-
gates the RSAO’s relation to the source distance attribute
and conducts a reverb parameter analysis across different
source-receiver distances. Subsequently, formal subjective
listening tests are conducted to study the efficacy of RSAO
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in being able to reproduce sound that creates the impres-
sion of source distance. We also study the effect of source
type and room on the apparent source distance.

2. RSAO PARAMETER ANALYSIS FOR A SET OF
SOURCE-RECEIVER DISTANCES

In this section, RSAO parameter analysis for a set of source
receiver distances is discussed. First, we present the RSAO
parameters that are extracted from the measured B-format
RIRs. Subsequently, the spatial correspondence of these
parameters is illustrated by visualising the parameters. Fi-
nally, the accuracy of the parameters is objectively verified
using a synthesis-resynthesis approach.

2.1 Parameter Extraction

The RSAO specifies a set of parameters to encode room
acoustic information and reproduce reverb in an object-
based spatial audio format [6]. A Matlab implementation
of the RSAO parameterisation methods was used to encode
the measured B-format room impulse responses [9]:

e Direct and Early parameters: levels and DOAs of di-
rect and early components, filter coefficents describ-
ing the colouration for each early reflection,

e Late parameters: the audio frequency range is di-
vided in to 9 octave bands centered around 62.5Hz,
125Hz, 250Hz, 500Hz, 1kHz, 2kHz, 4kHz, 8kHz,
16kHz. Late reverberations levels, the decay times
and the onset times are extracted for each band.

Figures 1 and 2 indicate that RT60 values and late levels
extracted from a publicly available B-Format RIR database
of Classroom and Octagon Hall [10] for all the nine octave
bands. More information about the database can be seen
in Section 3.2. Bar plots indicate the values mentioned
in the database documentation (navy bars) and the ones in
blue indicate the measured values. The box plot indicates
the variation of the corresponding late parameter for all the
source-receiver distances. The values show that the rever-
beration times and late levels are tightly grouped across all
distances for most of the bands, except the low frequency
bands at 125Hz and 250Hz. The green and yellow bars are
extracted from synthesised and resynthesised RIRs respec-
tively, which are further discussed in Section 2.3.

2.2 Parameter Visualisation

RSAO parameters of the early reflections can be better vi-
sualised in the context of spatial beamformed plots [11],
which show the energy and directions of arriving early re-
flections over time. These plots are extracted by conduct-
ing beamforming over the range of azimuthal directions.
In this case using B-format microphone signals, steering
was achieved by directing a virtual cardioid microphone
around the horizontal plane. This process is performed
at regularly-spaced azimuths with a spacing of 1°. The
beamformed signals obtained for each azimuthal angle are
grouped together as each individual column of a matrix
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and displayed as an image. The spatial beamformed plots
obtained from the Classroom and Octagon Hall RIRs are
shown in Figure 4 for a range of distances. These plots are
very useful as they can aid in establishing the correspon-
dence between the early parameters and the early reflec-
tions of a room. For example, in Figure 4 (left) as the dis-
tance between source and receiver increases, direct level
decreases, onset time (delay) of direct sound increases,
and the time gap between the direct and first reflection de-
creases. The first dominant reflection from around 0° can
indicate either a floor or ceiling reflection of the cuboidal
Classroom. Reflections at —180°/180° indicate the reflec-
tions from the rear wall of the Classroom. These reflections
start as late as 35ms (25ms after the direct sound) for 1m
source-receiver distance and slowly approach 25ms (Sms
after direct) for 5.5m. In the Octagon Hall (right), reflec-
tions are mostly directed to the front, whose effect can be
seen in the steered beam plots. The first dominant reflec-
tion around 0° azimuth comes from the floor, not from the
Hall’s domed 21m-high ceiling. With double the Class-
room’s 0.5-m steps in consecutive measurements, the Oc-
tagon Hall shows larger shifts between its 1-m steps.

2.3 Parameter Validation

One way of quantifying the efficacy of the RSAO-based
reproduction is to compute the RSAO parameters for syn-
thesised and resynthesised RIRs and to verify the con-
sistency between them. RSAO parameters are initially
computed from the measured RIRs for subsequent object
based reproduction. Practically synthesised/resynthesised
RIRs may be obtained by recording the object-based im-
pulse rendered and reproduced over a large array of loud-
speakers. This rendered impulse is referred to as a syn-
thesised RIR. The parameters extracted from these synthe-
sised RIRs can be validated to test the efficacy of RSAO-
based rendering and reproduction. The aforementioned cy-
cle can be computed once again up on the synthesised pa-
rameters to obtain resynthesised parameters. However, in
this work, the whole process of synthesis and resynthesis
is simulated via a digital audio workstation (DAW) rather
than physical measurements of reproduced sound. In this
case, an impulse signal was passed through through a suite
of VISR VST plugins within the Reaper DAW, namely the
reverb plugin, scene master and the loudspeaker renderer
(v0.10.1), all of which were developed as part of the S3A
project [12]. In this manner, the late parameters were anal-
ysed. Figure 2 and 1 show the late levels and RT60 values
computed for all the nine octave bands for both synthe-
sised (green) and resynthesised (yellow) RIRs. The syn-
thesised and resynthesised values approximate those for
the measured reverberation times for all bands except the
low-frequency 125Hz and 250Hz bands.

3. ASD EXPERIMENTS USING RSAO BASED
SOUND REPRODUCTION

In this section, the details of the ASD experiment using
RSAO based sound reproduction is discussed. First, ob-

e-Forum Acusticum, December 7-11, 2020



10.48465/fa.2020.0883

T T
lDocumented |
[EMeasured

N [CIsynthesised
T [IResynthesised

o

£y

RT (s)

Nine octave frequency subbands

T
lDocumented
[EMeasured

8 [synthesized -
[JResynthesized

RT (s)

1 2 3 4 5 6 7
Frequency band (oct)

Figure 1. RT60 reverberation times for the Classroom (left) and Octagon Hall (right) for the nine octave bands from
the accompanying documentation (Documented, navy), measurements (Measured, light blue), synthesized (Synthesized,
green) and re-synthesized (Resynthesized, yellow). The black lines show tolerance ranges about the measured values. The
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Figure 2. Late reverberation levels for the Classroom (left) and Octagon Hall (right) for the nine octave bands from
original measurements (Meas, navy), synthesized (Synth, green) and re-synthesized (Resynth, yellow). The black lines
show tolerance ranges about the measured values. The blue box plots show the distribution across measurements.

jectives of the experiments are discussed. Subsequently
these objectives are transformed in to an experimental hy-
pothesis. Later the databases used in the experiments are
presented. Further experimental conditions, experimental
calibration and experimental process are discussed.

3.1 ASD Experimental Hypothesis

The main objective of conducting ASD perceptual tests
using RSAO based sound reproduction is, to test the ef-
ficacy of RSAO algorithm in being able to reproduce a
sound that creates a perception of source distance. This
experiment will investigate the resolution with which par-
ticipants were able to discriminate the parameterised dis-
tances, which are called here Perceptually Distinguishable
Distances (PDDs). Further the effect of source and room
on distance perception are also statistically tested here.
The formulated hypothesis is dependent on the follow-
ing question: How precisely can participants rate the per-
ceived distance of a source in an unknown room, given
reference distances from another room where both are re-
produced using RSAO? Considering N stimuli reproduced
using RSAO arranged in a random order in terms of their
distances, the statistical negation of the null hypothesis that

2081

their means of these distance ratings are equal will deter-
mine a PDD. The null hypothesis is formulated as:

Hy:po=p1=p2=---un_1 (1)

where, 1; is the mean of the i distance perceptual scores
obtained from K participants. Statistical testing of the
above hypothesis determines whether the RSAO is ef-
fective in reproducing the perceived distance of a sound.
However the resolution of PDD can only be obtained by
performing statistical analysis across pairs of distances.
Further, in order to understand the effect of source and
room, the above hypothesis should be tested for a partic-
ular distance with different source and room setting. The
next section discusses these issues, but first in the ensuing
subsections we outline the other details of the experiment.

3.2 Selection of Reproduced Rooms

There are few spatial RIR databases available in the public
domain that have measurements across multiple distances.
This work has utilised measurements made in three acous-
tic environments found in two databases of B-format RIRs:
recordings in a small teaching room (Classroom) and a
large hall (Octagon Hall) from Queen Mary, University
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Figure 3. Spectrogram plots of late reverberation: (from
top) for measured, synthesized, and re-synthesized RIRs;
Classroom (left), Octagon Hall (right).

Room Vol. RT60  Crit. dist.
Classroom 240m? 1.7s 0.7m
Octagon | 9500m®  2.1s 3.8m
Pori Hall | 9300m®  4.6s 2.6m
Audiobooth | 43m®  0.15s 1.0m

Table 1. Room properties of reproduced test and reference
rooms, and the listening room: their volume (Vol.), aver-
age reverberation time (RT60) across the 500Hz, 1kHz and
2kHz bands, and critical distance (Crit. dist.) estimated
with previous columns’ values.

of London [10], and a large concert hall (Pori Hall) from
Helsinki University of Technology [13].

Classroom has recordings from 1.0m to 5.5m distance
with a 0.5m spacing. Octagon Hall has recordings from 2m
to 13m with 1m spacing, although measurements only up
to 11m were used in this work. Together these spanned
more than an order of magnitude in distance for sound
sources indoors and gave measurements at 10 distance set-
tings in each environment. As can be seen from Table 1,
most of the distances exceeded the critical distances for
those rooms (all but two in the Octagon Hall), accord-
ing to those estimates based on the measured reverberation
times. Both the parameter analysis and subjective experi-
ments used RSAO parameters extracted from the B-format
RIRs of Classroom and Octagon Hall. The Pori Hall B-
format RIRs provided RSAO parameters for the reference
distances in the subjective listening-test experiments.
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3.3 Experimental Conditions

The subjective listening tests for formal evaluation of ASD
required careful design of the experimental conditions, as
follows.

Source Type: Stimuli were chosen to include sources
of two types, speech and non-speech, representing familiar
and less familiar sounds respectively. Distance prediction
with less familiar sounds, like a specific type of noise, is
found to be harder as compared to familiar sources [14].
The primary objective of our work is not to comprehen-
sively analyse all the types of source, but to validate the
performance of RSAO under various conditions. So we
sought to select commonly-used sources from the literature
for the analysis in this work. For the speech stimuli, a fe-
male voice uttering ’In 1799” (1.6 sec) was employed from
the Archimedes database [15]; for the non-speech stimuli,
the percussion sound of drums was chosen (1 sec), which
includes a series of impulsive beats. In the analysis below,
we refer to these as Voice and Drums respectively.

Reproduction Setup: A 42.1 loudspeaker setup was
used for sound reproduction, which was arranged as a su-
perset of the standard 22.1 setup [16]. A 360° image shows
the spherical setup in the Audiobooth in Figure 5, and the
configuration angles are marked in Figure 6. This layout
was chosen in order to provide high spatial resolution of
the sound reproduction and thereby minimize any poten-
tial associated artifacts.

Reference Distances: To anchor the rating scale for
ASDs across both test rooms, two reference distances were
specified from the Pori Hall. Since distance perception
tends to show approximately logarithmic compression [5],
the full range from 1.0m to 11m was divided into three
parts with anchors at 2.5m and 6.0m with the individual
room ranges overlapping in the central part.

Recruitment of Participants: Given the need for crit-
ical listening, 26 expert subjects working in the domain
of speech and audio were recruited to participate in the
experiments. Participants were presented with a question-
naire asking there age, gender, prior experience in listening
tests, and screening for any hearing impairment. Partici-
pants were instructed in the use of the experimental inter-
face which included a training example.

3.4 Experimental Calibration

In this experiment, 42 Genelec 8020A studio monitors
were used for sound reproduction along with the sub-
woofer 7050B. The 42.1 spherical loudspeaker setup was
rigged in the audiobooth at University of Surrey, as shown
in Figure 5. The audiobooth is an acoustically-treated
room with equal reverberation time from 300Hz to 8kHz,
complying with ITU-T.P.800 in this frequency range. The
loudspeaker setup is depicted in Figure 6. This config-
uration is a superset of the standard 22.1 setup. Each
loudspeaker was positioned at the specified angles using
a Bosch PCL 20 Cross Line Laser Level device. All 42
loudspeakers were connected to 2 RME M-32 DA con-
verters via a single port of the MADI interface. These
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loudspeakers were calibrated to equal A-weighted SPL us-
ing NTI Minilyser by playing pink noise independently Figure 6. Plan view of the 42.1 loudspeaker setup in which

through each loudspeaker and recorded using the omni- the listener sits in the centre, facing ahead towards the top.
directional microphone attached to the Minilyser. Simi- The colour of the filled circles denotes loudspeaker posi-
larly, the subwoofer was also calibrated at the first octave tion’s membership of 5.1, 9.1, 22.1 and cuboid subset con-
frequency, i.e., 62.5Hz. figurations.

3.5 Experimental Process test rooms with two source types. In total, there were 8

Subjective experiments were controlled via a MAX/MSP pages to allow two trials per combination. Thus, there were
interface. Figure 7 shows the experimental interface for 80 ratings per participant with 10 test stimuli per page. Par-
one page, which presents in a random order 10 test stim- ticipants performed the tests in two sessions with a break to
uli to be rated and 2 references to anchor the otherwise reduce fatigue. Each session lasted no more than 45 min.
unlabelled rating scale. Participants played each test stim-
ulus, listeneq to the reproduction over the 42.. 1 setup and 4. LISTENING TEST RESULTS
recorded their assessment of apparent source distance. The
references were set at 2.5m and 6.0m in the Pori Hall, In this section, statistical results obtained from the subjec-
whereas the test stimuli were all from either the Classroom tive experiments are presented. First, the consistency of
or the Octagon Hall at various distances. Participants gave the data are inspected for screening setting giving rise to
a score 0-100 for each test stimulus with reference to the peculiar outliers or participants who gave unreliable rat-
near (2.5m at 33) and far (6.0m at 67) anchors. Computer ings, to ensure that the observed trends are representative.
keys 1, 2,...0 could be used to play the respective test stim- Next, we examine summaries of the data to characterise
uli; keys Z and A for the near and far references. Partic- the main trends, particularly in terms of ASD ratings with
ipants used sliders to rate their scores, and were provided respect to distance and the statistically significant differ-
with a sort facility to re-order the 10 test stimuli accord- ences. Further analysis makes a comparison of data for the
ing to their ratings to check and adjust the scores. Finally reproduced test rooms to explore any observed similarities
participants were stored the scores via the save button. and differences. Results were obtained from 24 partici-
Four distinct pages presented all combinations of two pants for the Voice source type across both test rooms and
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Figure 7. Octagon Hall page of the Max/MSP interface
for subjective ASD ratings, showing rating scales for 10
test stimuli (1..0), far/near references (A/Z), and buttons to
reset, move to next page, sort and save.

all distances, including repetitions; 26 participants’ scores
were obtained for the Drums. However, for the sake of
consistency, balance and comparisons across both source
types, only 24 participants’ scores are analysed.

4.1 Data Integrity Analysis

Comparing the repeated measurements from the two trials
of identical stimuli by each participant, a measure of the
measurements’ variability is obtained, which is expressed
here as root-mean-square (RMS) repetition error. All par-
ticipants’ ratings at least spanned the range of the anchors,
on average using over 80% of the scale. Across all partic-
ipants and test conditions, the overall RMS error was 17.5
points, which is approximately half the interval between
the reference anchors and between the ends of the scale
and the anchors. This suggests that the task was fairly tax-
ing for most participants, and yet that they were able to
provide relevant information in their ratings.

Looking at the experimental variables, the errors were
similar for Classroom and Octagon Hall. No systematic
pattern was discerned with respect to distance, and the
size of the errors was largely consistent across all dis-
tances. Similar errors were found between Voice and
Drums, within 2 points across conditions.

The RMS repetition error being skewed by a small num-
ber of relative outliers, the substantial majority of partic-
ipants had an average repetition error below 20 points.
Comparing the performance of individual participants, a
few exhibited somewhat higher RMS errors. No partici-
pant was universally poor in providing ratings, yet some
exhibited difficulties with certain source-room combina-
tions. However, removing this subset of scores had little in-
fluence on the analysis and left the key findings unchanged,
so their data were included in the following analysis.

4.2 ANOVA Findings

Three sets of Analysis of Variance (ANOVA) were con-
ducted with multi-factor mixed-effects models for repeated
measures, using the fitrm and ranova functions in
Matlab statistics toolbox (R2019a). First, separate anal-
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for each source: Drums (blue) and Voice (red); results in
the lower plots are combined (black). Error bars indicate
95% confidence intervals of £2 standard errors. The dis-
tance of the loudspeakers in the reproduction environment
is marked as a vertical magenta dash-dot line. The refer-
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(+) lying on the log-distance function.
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Figure 9. Statistically significant differences (yellow) in
ASD ratings amongst all distance pairs for each room,
a=0.05: Classroom (left) and Octagon Hall (right).

yses were performed for each test room, Classroom and
Octagon Hall. These involved 4 factors: 1 between-
subjects [Participant], 3 within-subjects [Distance, Source,
Trial]. Then, for the common distances that they shared
(i.e., {2m, 3m, 4m, 5m}), a combined analysis was done.
This involved 5 factors: 1 between-subjects [Participant],
4 within-subjects [Distance, Source, Trial, Room].

All the analyses showed significant effects for Distance,
but the other identified effects differed. In the separate
room analyses, they both identified the Participant*Source
interaction and one other factor: Source for Classroom,
Trial for Octagon Hall. The Participant*Source interac-
tion may have been due to some participants’ difficulty
with certain source-room combinations. However, in the
combined-rooms analysis, the only additional effect was
the Distance*Room interaction. Thus, the main effect that
was seen consistently across the data was the desired ef-
fect for Distance. The details of this will be studied in the
following subsections, and a final analysis in Section 4.5
sheds light on the Distance*Room interaction effect.
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reproduction environment is marked as a vertical magenta
dash-dot line. The reference anchors from the Pori Hall
are shown as cyan crosses (4) lying on the log-distance
function. The Just Noticeable Difference (JND) in Direct-
to-Reverberant Ratio (DRR) is indicated, based on uniform
reverberation and a 5dB difference in the direct sound as if
it were a point-source in the free field.

4.3 Main Trends

The results are plotted in terms of the independent vari-
ables in Figure 8, averaged over participants and trials. The
upper plots provide a break down for each source type in
both rooms, while the lower plots combine the Drums and
Voice results to summarise the overall effect of distance in
each room. In all cases, there is a general increase in ASD
with increasing distance, with few exceptions and down-
ward curvature. Drums tended to be perceived 3-4 points
closer than Voice, which may be attributed to prior expec-
tations of the loudness and source directivity effects.

In both rooms, there is an initial steep rise and then a
tendency to saturate, levelling off the scores albeit at differ-
ent distances. For Octagon Hall, there is a peak at 6m and
an unexpected dip at 8m. For Classroom, there is a peak at
2.5m and an unexpected dip at Sm, and also a higher score
at the closest 1.0m distance. This discrepancy may be due
to the virtual distance falling inside the loudspeaker radius,
creating incongruence with what participants can see in the
test environment.

The results of paired t-tests are shown in Figure 9,
which indicate significant differences in all but 6 pairs for
Classroom and 4 pairs for Octagon Hall. Hence, it is pos-
sible to identify 5 or 6 perceptually distinct distances that
are monotonically increasing with the physical distance.
These are indicated with the filled markers in the lower
plots in Figure 8.
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Relative distance (m) on a log scale

Figure 11. ASD ratings for both test rooms versus log-
distance relative to the mid-range ASD peak in each room.
Error bars indicate 95% confidence intervals of +2 stan-
dard errors. The point at a distance inside the loudspeakers
(i.e., at 1.0m) in the reproduction environment is marked
as a magenta box with a solid line. The reference anchors
from the Pori Hall are shown as cyan crosses (+) lying on
the log-distance function. Linear fits to the ratings below
(red) and above (blue) the ASD peak point are drawn as
dash-dot lines.

4.4 Distance Trends

The main purpose of this study was to investigate the abil-
ity of the RSAO to cue different settings of apparent source
distance from the listener through the object-based render-
ing and sound reproduction. Thus, it is interesting to see
how distances are perceived across the different ranges that
were employed for the two test rooms, and to ask whether
there is any correspondence to the distance ratings across
rooms, by taking advantage of the fixed distances of ref-
erence anchors on the rating scale. Figure 10 shows both
sets of results plotted on the same axes. In this case, the
physical distance is plotted on a logarithmic scale, along-
side the line through the reference anchors. With some as-
sumptions of uniform reverberation and point-source-like
attenuation of the direct sound over distance with spherical
spreading, the straight line through the anchors show the
expected trend if ASD were purely explained in terms of
the Direct-to-Reverberant Ratio (DRR). In fact, disregard-
ing the point at 1.0m distance which was inside the repro-
duction space, the main trend is in broad agreement over
two and a half octaves, over the range from 1.5m to 10m.
However the pattern of deviations from the main trend line
appears to scale with the room. So it may be informative
to align them for closer inspection.

4.5 Aligned Relative Log-Distance Trends

The results are redrawn in Figure 10 to show the similar-
ity in the pattern between the two rooms. By aligning the
two sets of data at their respective mid-range peaks in the
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ASD ratings, at 2.5m and 6.0m, the common trends appear
more starkly. The steeper initial rise is modelled well by
the linear fit (red) for the values up to and including the
peak point, disregarding the anomaly at the closest point
coloured magenta. Similarly, above the peak, the ASD rat-
ing exhibit a saturation behaviour represented by a linear
fit (blue) with a much gentler gradient on the log-distance
plot. In relation to the anchor line, close sources appear
closer, mid-range ones appear farther away, and beyond
that the space seems compressed. It is unclear from the
present experiments what properties determine the posi-
tion of the mid-range ASD peak. While the two selected
rooms differ in size, neither the ratio of their volumes nor
their critical distances matches the ratio of the peak dis-
tances. One possible explanation could be found in the
ratio of the room lengths, since the Octagon Hall is unusu-
ally high. Another explanation could arise from the experi-
mental method and the specific choice of anchor distances.
Further listening tests are therefore required in order to dis-
entangle these potential explanations.

5. CONCLUSIONS

The utility of the RSAO for cueing apparent source dis-
tance has been investigated objectively and subjectively.
Visualisation of the encoded RSAO parameters confirmed
the consistency across different octave bands and trends
over distance. Formal listening tests showed that these
RSAOQO parameters successfully conveyed effects for dis-
tance. The influence of source type was small and did not
show a consistent effect, but the interaction of room with
distance was significant. Particularly, the perceptual satu-
ration point was higher for the larger room as compared to
smaller room.

Overall, these results indicate that the RSAO can be
used to cue source distance with resolution comparable
to natural listening indoors. Further work will investigate
how distance perception performs across reproduction se-
tups and develop methods to continuously vary source dis-
tance by adapting the RSAO parameters.
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