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Abstract

Sound enhancing algorithms are becoming more and more common in our media
devices (such as A/V receivers, computers and cellphones) and are often used as
a selling argument. In this study, Virtual Home Theatre algorithms for
headphones (VHT algorithms) are subjectively evaluated and compared against
a stereo down mix. The algorithms are also compared against each other.

A listening test has been conducted when listeners were asked to evaluate their
preference when comparing algorithms in pairs. The result of the experiment
will show subject’s ratings that might give an answer to the question if the VHT
algorithms are any different or preferred to each other. According to the result,
no algorithm is significantly preferred against the other algorithms tested in this

research. However one algorithm turned out to be significantly non-preferred.
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1. Introduction

The introduction part of this study presents a background and introduces the topic of

Virtual Home Theatre algorithms (VHT) for headphones.

1.1 The term 3-D audio.

The aim of a VHT algorithm according to Olive [1] is to produce 3-D audio out of non 3-D
audio. He defines the term as “audio reproduction based on binaural hearing models

that describe the process of sound localization”.

Spatial processing has been around for many years and has had many names. The term
3-D audio has been used in advertisements for commercial products. But many earlier
products did not process sound to 3-D, it would be some kind of stereo widener to
enhance the spatial effects in audio and create a wider feeling of the stereo content. In
many cases the processing added by consumer products did affect the program
materials frequency response and sometimes made the sound “phasey”. The most 3-D
circuits found in inexpensive systems did not sound well and the general reaction to the

term 3-D audio was associated with distorted, phasey and nonlinear according to Olive

[1].

1.2 Surround sound.

The interest for surround and reproduction of spaces has grown bigger and bigger since
the development of surround formats and standards such as Dolby Digital and DTS.
Without standards the product manufactures and the studio engineers could not
cooperate on how the audio content would be handled. This development of standards
led to new products by manufactures in the audio industry. Data storage (such as DVD
and SACD) has also been a factor in the development of spatial sound reproduction in
forms of physical media that could contain more than a regular CD. In the early 2000’s,
the availability of consumer audio systems for home theatre escalated and so did the
demands for audio content mixed and mastered for surround.

The most known system for multichannel audio is 5.1 sound reproductions, which

nowadays is common among consumers. Almost every movie in the video store has a



multichannel track with either Dolby Digital* or DTSt [2].

Multichannel audio has many applications but it is most spread in the movie industry
and especially since DTS and Dolby’s introduction of the AC-3 format, which later
became standard for DVD-video in the 1990’s. Multichannel audio has also been spread

in the music industry but is not as common as stereo [3].

The newest application of multichannel audio is in gaming where the largest difference
is in the nonlinearity of a game. You are able to make decisions in a game and the sound
must adapt to the changes you make. Compared to a movie that reproduces the same

sound every time you watch it [2].

1.3 5.1 and its disadvantages.

The 5.1 sound reproduction have 6 channels of audio in which 5 channels are full range.
These are left, right, center, surround left and surround right. The last channel is for the
LFE (low frequency enhancement), which is reproduced from a subwoofer.

The 5.1 sound systems are not optimal for consumer homes because of several reasons.
There are many loudspeakers that need many amplifiers to run and often the amplifiers
come in specialized 5.1 receivers. To optimize the spatial reproduction the loudspeakers
are supposed to be set up according to ITU-R BS.775-2 (recommendations for speaker
placements in a 5.1-channel playback system) [5]. The devices ability to handle
multichannel audio shall not be taken for granted, especially when it comes to portable
devices systems [2].

The acoustics of the room also needs to be considered to fully optimize the spatial
reproduction. Too many reflections will complicate the localization of the sound source.
Subwoofer placement along with room proportions and acoustics must also be

considered for an optimal listening situation [4].

* http://www.dolby.com/us/en/professional /technology /home-theater/dolby-digital.html
T http://www.dts.com/professionals/sound-technologies/codecs/dts-digital-surround.aspx



Figure 1. Plot over the ITU 775-1 recommendation setup. [5]

1.4 Virtual Home Theater.

Virtual home theatre is a system designed to make up for the disadvantages of having a
full 5.1 sound setup (described in section 1.3). The idea is to reproduce large
envelopment and spatial quality from 2 discrete channels instead of 6. Since VHT is a
matter of DSP (digital signal processing) it is not hard for hardware developers to make
VHT as a feature in media players and computers.

The idea is to make the speakers virtual and be able to widen the stereo image outside
the left and right speakers. The psychoacoustic phenomenon to elaborate with is to
simulate how sounds from the rear sounds in binaural listening. The goal is to shape and
alter the sound either from two loudspeakers or a pair of headphones so that they
should reproduce the sound to your eardrums identical to the original sound as if
something was behind the listeners [2].

Many algorithms use head related transfer functions (HRTF) to modify the sound to
compensate for the lack of reflections from the listeners own body. This is mainly an
issue when listening in headphones where the sound from the headphones does not
reflect on shoulders and head before reaching the eardrum. [8]

The disadvantage of reproducing 3D audio from loudspeakers is mainly the crosstalk
between the channels, which makes it harder to make a binaural image. Most VHT
algorithms have some kind of crosstalk cancelling, but changing the head’s distance

from the sweet spot (optimal listening position), which leads to a more stereo-like



sound, easily damages this effect. Some algorithms have narrower sweet spot than
others [6].

We want to perceive 3-D audio from 2 audio channels but with full control over the
crosstalk. Why not reproduce the audio from headphones and eliminate crosstalk
between the ears and get more accurate localization? One disadvantage with listening
in headphones is that a dry sound in the center (between left and right stereo channels)
is perceived to be inside your head when you are listening in headphones [7].

With VHT algorithms specialized for headphones, the sound panned in the center is
brought in front of you, but there is one more problem and that is when the head is
rotated. With headphones, the sound field rotates with the head but there are solutions
for that issue. Using head tracking systems the angle of the head is measured and used
to render a new 3-D representation and changing the parameters of the algorithms in
real-time [3].

These systems are not considered in this study.

1.5 VHT for headphones.
The main advantage of VHT for headphones over loudspeakers is the possibility to

change the amount of crosstalk from absolute separation to mono and therefore it can
make a more accurate result of virtual sound sources. A well functioning VHT algorithm
has potential of simulating an infinite amount of sound sources in different types of
virtual rooms. One of the most popular algorithms for creating this system is Dolby
Headphone, which was originally created by Lake Technologies but later sold to Dolby.
This algorithm works by having software to render the VHT sound in real-time. The
software can be found in computers, soundcards, A/V receivers, mobile phones and
even built-in inside headphones using digital signal processor (DSP) chips. By having
software to render from the playback device the listeners have the possibility to choose
which headphones they want.

Inside the algorithm a 5.1 surround sound system is created virtually in user defined

room. The exact technology information is not publically available [8].



Figure 2. Shows virtual sound sources represented by five colored beams [9].

Figure 3. Shows the Dolby Headphone logo, which could be found on products using the
algorithm [9].

1.6 Stating the problem.

Along with new technology for reproduction systems such as smartphones and other
portable media-players, it is now possible and comfortable to consume media wherever
you are. Watching movies on the go is a new possibility with portable devices and
headphones are the practical way to reproduce the audio without disturbing people
around the listener. The most common way for listening to movies is to sit in front of a
screen with loudspeakers in front of you.

Today, there are several algorithms available to improve and emulate surround for
headphone experiences but are the any good? Are the VHT algorithms preferred against
regular stereo down mix? Are there any differences between the existing algorithms?
There have been studies on VHT algorithms for loudspeakers but not many for
headphones. Previous researches from the references are important for this study so
that their achievements and mistakes can be considered in this study.

Olive [1] presented a method in 1998 regarding subjective evaluation of VHT algorithm

for loudspeakers but many parts of the discussed model can be applied for a headphone



listening test, such as choice of program material and overall listening test design. Olive
also suggests solutions for controlling various bias effects that tends to appear in
subjective evaluations of VHT algorithms. This study provides a good suggestion of
method for answering the research question in this study.

Zacharov and Huopaniemi [6] conducted experiments on subjective evaluation of VHT
compared to the original 5.1. This study was presented in 1999 and used six most
known VHT algorithms at that time. Their result showed that none of the VHT
algorithms could outperform the 5.1 system neither spatially or timbrally. There were
also large significant differences perceived by the listeners between the chosen
algorithms. Five years later Zacharov made a similar study along with G. Lorho. That
study [2] did take both loudspeakers and headphones in consideration when comparing
the algorithms. In their headphone listening test, they used a paired comparison
between the VHT algorithms and used a stereo down mix as a reference. They asked
their listeners for an overall preference and let them grade their preference on a scale.
The result showed that none of the VHT algorithms could significantly outperform the
stereo down mix. That study was presented 2004.

With the constantly evolving technology, it is interesting to test if the result will be in
favor for the VHT algorithms after ten years. The aim of this research is to discuss the
VHT algorithms for headphones further and a subjective test is constructed where
participants are supposed to listen and rate VHT algorithms for headphones. The
research hypothesis is that VHT algorithms are preferred against stereo and the

listeners prefer an algorithm to another.



2.Method

A method was constructed to answer the research question. The aim of the method was
to gather subjective information about listener’s preference and make a statistical
analysis, which could provide statistical proof for the research hypothesis. The null
hypothesis (Ho), for this statistical analysis, is that there is no statistically significant
subjective preference between a VHT algorithm and stereo or between VHT algorithms.
The alternative hypothesis (H1) is that there will be a statistically significant subjective
preference.

To gather this subjective information, a group of listeners was put together to perform a
listening test and this section will present the experiment procedure and the

considerations made in its development.

2.1 Listening test design.

To investigate listener’s preferences of VHT algorithms a listening test was conducted.
After considering several test methods the A/B comparison was chosen most suitable.
This works by using an adaptation of the Comparison Category Rating methodology
(CCR) [8] from the ITU-T recommendation P.800. Previous studies also considered this
model most suitable such as Lorho and Zacharov [2].

In this adaptation the listeners can only compare two stimuli per comparison and they
are named A and B. The algorithms are randomly assigned to either A or B and the
listeners can control which of them they want to listen to. Comparing the four stimuli to
each other in pairs result in six comparisons: 1-2, 1-3, 1-4, 2-3, 2-4 and 3-4. The pairs
are also tested in inverted permuted order so every algorithm has been assigned to A
just as many times as to B. All comparisons are made twice to find out if the subjects are
consequent in their answers to detect hints of insecurity or placebo effect. Also the
comparisons were presented in a randomly assigned order for each listener. There were
24 comparisons in total and there was also an opportunity for the listener to comment
each comparison. This was optional because of the risk of listener fatigue but
encouraged because the comments are a good way to gather subjective data. That data
can later be used to discuss the listener’s preference if they write their reasons for

preferring a certain algorithm. An approximate duration of the test was 30 minutes.

2.2 Choice of VHT algorithms.

Three VHT algorithms were chosen for the test. There are many algorithms available

and it would be interesting to test a larger amount of different products but to limit the
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research three algorithms has been considered a relevant number for collecting the
required data. All of the algorithms are processing audio in real-time.

The algorithms are listed in Table 1. Dolby Headphone was chosen suitable for the
experiment because it is one of the most popular algorithm and have had the technology
since 1998. The algorithm is included in several A/V receivers, mobile devices (such as
Nokia) and even built-in to headsets using small DSP chips [9]. SRS TruSurround XT is
one of several algorithms developed by SRS Labs. In 2012, SRS Labs was acquired by
DTS, which together with Dolby are two of the most known providers of audio format
solusions [10]. Headphone Surround Effect is a built-in algorithm from VLC by VideoLan.
VLC is a well-known open-source and cross platform media player. Dolby Headphone
and SRS TruSurround XT was found in Corel WinDVD9 software DVD player and the
room setting for Dolby Headphone was set to SMALL. Headphone surround effect was
found in VLC media player (version 1.1.6) by VideoLan and is available in the audio
effects menu.

To compare the algorithms to stereo the surround downmix option from Dolby was
used as found in the WinDVD player. Dolby calls this kind of downmix Pro Logic or Left
total/Right total (Lt/Rt) and can be processed by Dolby Surround Pro Logic decoders.
The algorithm sums the surround channels and adds that signal, in-phase to left channel
and out-of-phase to the right channel. The LFE channel is not included. The Dolby
Surround downmix is not a VHT algorithm but was considered closest to an

unprocessed stereo version where all the five discrete channels are used. [11]

VHT algorithm Manufacture Processing software
Dolby Headphone Dolby WinDVD9

SRS TruSurroundXT SRS Labs WinDVDO9
Headphone Surround Effect | VideoLan VLC

Dolby Surround Downmix | Dolby WinDVD9

Table 1. The 4 algorithms used in the test.
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No. A B

1 Dolby Headphone SRS TruSurroundXT

2 Headphone Surround Effect | SRS TruSurroundXT

3 Dolby Stereo Downmix Headphone Surround Effect
4 SRS TruSurroundXT Dolby Headphone

24 | Headphone Surround Effect | Dolby Headphone

Table 2. Example of the algorithms when randomly assigned to A or B in 24 comparisons
where every algorithm is compared to the others equally many times.

2.3 Choice of program material.

Surround sound is most common in the movie industry [3] and therefore the choice was
made to audio from movie clips were to be tested in this expieriment. The four
algorithms were processing two kinds of programs and the amount of audio content was
of great difference. One of them were a dialogue scene from the movie Despicable me
(Universal Pictures in 2010) where the main character tells a children’s story with some
light music in the background. This program is focused in the center and would
therefore address the issue of hearing center panned audio as if the source was between
the ears of the listener.

The second program was the audio from a fighting scene from The Lord of the Rings:
The Fellowship of the Ring (New Line Cinema in 2001). There are much content in the
rear channels of the 5.1 mix and many sounds are moving between the front and rear
channels. The reason for having two programs is to find out if subjective evaluation

differs between large and small amounts of sounds.

2.4 Preparations of the stimuli.

WinDVD9 and VLC were installed on a HP pavilion dv5 computer and the disc source
was chosen in the media players and two DVDs were played using the Dolby Surround
5.1 setting in the DVD menu and the requested VHT algorithm activated in the audio
device menu. The output from the computer running WindDVD9 software and VLC was
connected to a M-audio Fasttrack Ultra 8r soundcard recording to Pro Tools. The
playback computer used its own internal soundcard for the output. The processed audio
files recorded were synced in time and normalized with NUGEN VisLM loudness meter

(version 1.6.4.0).
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Figure 4. An image of the Pro Tools session’s arrange window, which only the test
conductor could see.

2.5 Listener setup

The test took place in a small and quiet control room at LTU (Luled University of
Technology) and the listener were presented with a Pro Tools session with two tracks
named A and B (figure 4.) The Shure SRH 840 headphones were used thru a Digidesign
digi002 rack soundcard. Because the listening test is performed in headphones the
internal acoustics of the listening room was not considered as an issue however the
isolation from outside noises was a requirement.

The listeners used a laptop to answer a form (see appendix).

Although the stimuli in this test were audio from movies, the decision was made to limit
this research by not considering visual bias and by not to provide the subjects with the

associated visual content.

2.6 Test subjects

Thirteen listeners participated in the test and all of them were audio engineering
students at LTU who had a background in audio engineering and were familiar with

critical listening tests.

2.7 Evaluation and grading scales.

The subjects were asked to compare A and B and evaluate which stimuli they preferred.
For this purpose a seven step grading scale from - 3 to + 3 were chosen where 0 meant
that the subject did not prefer any of the stimuli. Each of the seven steps had an
attribute explaining the amount of preference instead of presenting integers on the scale
as seen in figure 5. This follows the ITU recommendations for CCR [12]. The subjects

were instructed to mark their preference with an X on the grading scale. The attributes
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were only for guidance and the X mark could be placed anywhere on the scale. The
marking was translated into a numeric value in the analysis. After the grading scale the
listener had a follow up question when they were asked for a comment on the
comparison. This was optional but could gather interesting information about their
choice of preference. Every algorithm comparison had one grading scale and one

optional follow-up question.

1 Vilket ljud foredrar du?

Foredrar A mycket Foredrar A Foredrar Anigot Foredrar varken Aeller B Féredrar B nigot Foredrar B Féredrar B mycket

Ix I I I I I I

Figure 5. An image of the grading scale seen by the listener. In this case the listener chose
“Féredrar A mycket” (“Prefer A extremely” in Swedish).

2.8 Method for analysis

To answer the question of whether VHT processing is preferred against a stereo
downmix and preferred against other VHT algorithms, the results from the listening test
had to be analyzed.

The analysis of the numeric values from the grading scale has been done using statistical
calculations set against the null hypothesis. An average and standard deviation was

calculated for each comparison and also a separate two-sided T-test.
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3. Results and analysis

In this section the result from the listening tests are presented. The results were divided
into two parts. The first part is the results from the grading scale where the defined
attributes were converted into numbers and calculate significant conclusions.

The second part deals with listener’s comments on the comparisons and is presented as

a summary.

3.1 Graded preferences

Program 1 (dialogue scene).

The diagrams below shows the average grade for the algorithms in each comparison.
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Figure 10, Figure 11,
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Progrogram 2 (action scene).
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Algorithms

Average

Std.dev.

T-value

Significance

SRS TruSurroundXT (-)
Dolby Headphone (+)

Program 1

-1.82

1.34

-4.87

yes

SRS TruSurroundXT (-)
Dolby Headphone (+)

Program 2

-0.59

1.60

-1.33

no

Headphone Surround effect (-)
Dolby Headphone (+)

Program 1

-1.50

1.83

-2.95

no

Headphone Surround effect (-)
Dolby Headphone (+)

Program 2

-0.92

1.63

-2.04

no

Dolby Surround downmix (-)
Dolby Headphone (+)

Program 1

-2.05

1.06

-6.96

yes

Dolby Surround downmix (-)
Dolby Headphone (+)

Program 2

-0.62

1.74

-1.29

no

SRS TruSurroundXT (-)
Headphone Surround effect (+)

Program 1

-0.55

1.52

-1.29

no

SRS TruSurroundXT (-)
Headphone Surround effect (+)

Program 2

0.21

0.70

1.09

no

Dolby Surround downmix (-)
SRS TruSurroundXT (+)

Program 1

-0.42

1.55

-1.03

no

Dolby Surround downmix (-)
SRS TruSurroundXT (+)

Program 2

0.24

0.76

1.16

no

Dolby Surround downmix (-)
Headphone Surround effect(+)

Program1

0.15

0.38

1.41

no

Dolby Surround downmix (-)
Headphone Surround effect(+),

Program?2

-0.17

0.40

-1.51

No

Table 3. The twelve comparisons with calculated average, standard deviation and t-value
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Student’s T-test for significant difference was made to determine whether the results
were statistically significant. One T-test was made for each comparison and was two-
sided with 12 degrees of freedom. To compensate for possible type 1 error the
Bonferroni correction was used to lower the probability. The results have to be 95% of
the calculated T-value in order to be a statistically significant result and the T-value
cannot be less than 3.53, according to the table of critical value after the Bonferroni
correction. In this study most T-tests did not show significant result. Figure 6 and 8
above shows significant result.

In table 3, the algorithm names are marked with a + or - and this refers to the listeners
choice of preferring more or less of A and B. If the average value is negative then the
algorithm with “(-)” was more preferred in this test. The preferred algorithm is also in
bold.

Notable is that the statistically significant comparisons were with Program 1 (Dialogue
scene) and with Dolby Headphone as the non-preferred algorithm.

The null hypothesis (Ho) was that there is no statistically significant subjective
preference between a VHT algorithm and stereo downmix or between VHT algorithms.
The result showed that there was a significant non-preference among the algorithms in
this experiment. Neither of the algorithms were significantly preferred against the

stereo downmix.

3.2 Summary of listener’s comments

The listening test also generated many comments on each comparison. This was
optional but despite that fact many listeners commented a few words summarizing their
thoughts. As a reference for scientific interpretation the Subjective evaluation of
perceived spatial quality by |. Berg and F. Rumsey [13] provided an insight. These
comments were only meant to provide additional subjective information to discuss the
outcome of the results form the grading scale. These will not provide enough
information for answering the research question.

Below is a summary of interpretations of their comments (note that some comments

and attributes were translated from Swedish in this summary):

* Dolby Headphone was perceived as “roomy” and “reverberated” to almost all of
the listeners. In the dialogue scene that fact was considered for some listeners a
huge disadvantage to the other algorithms combined with the X mark at the far
end of the grading scale. Words like “awful” and “too much” were common. In

the action scene many listeners thought the reverberation was helped sound to
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make it “softer” and “natural” whilst the other algorithms had “too sharp
panning”. Some listeners felt like they were in the middle of a big movie theatre,
which was “softer” to the ears but did not deliver the “clarity” that some

listeners preferred.

SRS TruSurround XT was harder to detect differences to some algorithms. Some
listeners commented that they did not hear any differences and many had
various preferences. The algorithm was referred to as “open”, “clearer” and “had
a nice room feeling”. To some listeners those attributes were considered positive
and preferred and to some negative and not preferred. Two subjects wrote that
this is the regular way of listening to movies and they felt that they recognized
the characteristics of the algorithm.

VLC Surround effect for headphones was perceived as “clear”, “natural” and
having “enjoyable localization” but also “dry”. The most common comment was

that it was hard to hear differences to other algorithms but many said that this

algorithm had most accurate localization.

Dolby Surround Downmix had less “envelopment” and “spatial quality” and had
less of an "open sound” than the other algorithms. To some it was “flat and
boring” but then again many listeners commented that they had trouble hearing

differences to some of the other algorithms.

Difficulty in hearing differences. A question was formulated at the end of the test to
find out whether the listeners had difficulty in hearing differences between the
algorithms. Many of the listener’s answers described that they, for some
comparisons, did not hear differences or thought that they heard a difference

but was unsure if it was placebo.
Familiarity with VHT algorithms is a relevant aspect for consideration, which also

was formulated as a question at the end of the test. Neither of the listeners had

frequently used or evaluated any of the available VHT processing before.
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4. Discussion

By looking at the results from the listening test there were two out of twelve T-tests that
showed a statistical significant difference. These two had two parameters in common.
They were all in Program 1 (dialogue scene) and comparisons with the Dolby
Headphone algorithm as the non-preferred algorithm. Obviously there are
characteristics in Dolby Headphone that is not preferred. When looking at the listener’s
comments for those two comparisons, more evidence for this conclusion appears. The
comments on comparisons with Dolby Headphone mention “Reverb” and “room”. These
listeners felt they experienced reverberation, which they did not find pleasant. Dolby
does not have any public information available to confirm this reverberation but
assumptions can be made that they use added artificial reverberation to simulate a
room in which the direction from sound sources could be virtually positioned.

In this research it is proven that Dolby Headphone was not preferred in program 1 but
when looking at the results from program 2 (action scene), the result is not statistically
significant. Some of the listener’s comments still referred to the possible experience of
reverberation but their marks on the grading scale did not show as certain dislike as in
program 1. A conclusion can be drawn from this that the characteristics in Dolby
Headphone were considered unsuitable for program 1 but were more accepted in
program 2, when the result was non-significant. Comments like “softer” in those
comparisons could indicate that the experienced reverberation in program 2 made the
complex and messy sound field a little more bearable.

Ten out of twelve T-tests showed non-significant results. The result from the grading
scale shows that the listeners marked their preference close to the center of the scale.
Some listeners commented that they perceived a very small difference, which made the
choice of preference hard. There were also comments about listeners not hearing any
differences at all and in those cases, preference is not expected.

A conclusion could be made that SRS TruSurround XT, VLC Surround Effect for
Headphones and Dolby Surround Downmix sounded alike with small differences, which
were not large enough for the listeners to have a unified significant preference.

The question in this research was to find out whether VHT processing is preferred
against a stereo downmix and if an algorithm is preferred against another. According to
the result, neither of the VHT algorithms was significantly preferred against the stereo
downmix. However, one of the algorithms was significantly non-preferred against the

other algorithms in two out of three comparisons with program 1.
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4.1 Reliability

In this test twelve A/B comparisons were made which presented result of how the
algorithms performed against each other in pairs. This is an adaptation of CCR [12]
where the quality reference was removed. A possible way of generating a quality
reference could be to render the audio from professional Head-Related-Transfer-
Function (HRTF) software. The adaptation could lead to influencing the result in a way,
which was not intended by the ITU, and that fact could question the reliability of the
chosen method. The choice of processing algorithms and quality reference could be
discussed further. All algorithms in this research are widely spread, developed for the
consumer market. It would also be interesting to implement another method a type of
MUSHRA-test when evaluating the relation between all algorithms together.

Another issue to discuss is whether that fact that the listener’s inexperience of VHT
processing could affect the outcome of the experiment. All listeners were audio
engineering students and familiar with listening tests and critical listening but none
considered themselves familiar with VHT according to their answer to the last question
at the end of the form. If the listeners had been familiar with VHT before the listening
test, then there could be a possibility of a more certain preference when the listeners
could recognize the characteristics of an algorithm. The unfamiliarity of VHT processing
among the listeners, as seen in this experiment, could lead to that the listeners needed a
certain amount of time to listen and identify the algorithms to make up their minds
about their preference. This possible error is equally distributed because the
comparisons were randomized.

In the analysis of the result, twelve T-tests were made for a relatively small population
and that increases the risk of type 1 error. That means that the probability of a random
result showing significance is higher and this fact could influence the reliability of the

result this research.
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5. Conclusion.

An evaluation and comparison of VHT processing for headphone has been presented. To
answer the question whether if the VHT preferences, a listening test has been
conducted. Three VHT algorithms have been compared against each other and against a
stereo down mix and graded according to the listener’s preference. The rating have been
analyzed and presented. Results showed that neither one of the VHT algorithms were
preferred against the stereo down mix. However, one of the algorithms was significantly

non-preferred against the other algorithms in two out of three comparisons.

23



6. Further work.

In further work it would be interesting to test even more algorithms. The technology
keeps getting more advanced and the algorithms used in this study will hopefully get
updates and new algorithms will be available on the market. Using head tracking the
VHT experience will eliminate problems like moving the virtual sound sources by
turning your head. Head tracking requires even more computer power to render but is
starting to be more available at the market. The choices of algorithms for these types of
tests are clearly a possible way of working further with this topic.

Another approach is to try out several other program materials such as music and
games, which are constantly developed and would benefit from these kinds of

algorithms.
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Appendix

Lyssningstestet handlar om VHT algoritmer for horlurar. Syftet med algoritmerna ar att terskapa virituella hogtalare binauralt for
att uppna en surround-effekt. Olika tillverkare gor detta pa olika sétt och darav ger algoritmerna olika resultat.

Jamfor kanalerna A och B genom att sola kanalera. Fundera 6ver fordelar och nackdelar mellan A och B och sitt ett X pa skalan for
att visa vad du féredrar. Skriv sedan ndgon mening for att motivera ditt val. Lycka till!

1 Vilket ljud foredrar du?

Foredrar A mycket Féredrar A Foredrar A nigot Foredrar varken Aeller B Foredrar B nigot Foredrar B Foredrar B mycket

Om du foredrog A eller B, skriv varfor:

2 Vilket ljud foredrar du?

Foredrar A mycket Foredrar A Foredrar A nigot Foredrar varken Aeller B Foredrar B nigot Foredrar B Fredrar B mycket

Om du foredrog A eller B, skriv varfor:

3 Vilket ljud féredrar du?

Foredrar A mycket Féredrar A Foredrar A nigot Foredrarvarken Acller B Faredrar B nigot Foredrar B Féredrar B mycket

Om du foredrog A eller B, skriv varfor:

4 Vilket ljud foredrar du?

Foredrar A mycket Foredrar A Foredrar A nigot Foredrar varken A eller B Foredrar B nigot Foredrar B Foredrar B mycket

Om du foredrog A eller B, skriv varfor:

5 Vilket ljud foredrar du?

Foredrar A mycket Foredrar A Foredrar A nigot Foredrar varken Aeller B Foredrar B nigot Foredrar B Foredrar B mycket

Om du foredrog A eller B, skriv varfor:

6 Vilket ljud foredrar du?

Foredrar A mycket Foredrar A Foredrar A nigot Féredrarvarken Acller B Faredrar B nigot Foredrar B Féredrar B mycket

Om du foredrog A eller B, skriv varfor:
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7 Vilket ljud féredrar du?

Foredrar A mycket Foredrar A Foredrar A nigot Foredrar varken Aeller B Foredrar B nigot Foredrar B

Foredrar B mycket

Om du foredrog A eller B, skriv varfor:

8 Vilket ljud féredrar du?

Foredrar A mycket Foredrar A Foredrar A nigot Foredrar varken Aeller B Foredrar B nagot Foredrar B

Foredrar B mycket

Om du foredrog A eller B, skriv varfor:

9 Vilket ljud féredrar du?

Foredrar A mycket Foredrar A Foredrar A nigot Foredrar varken Aeller B Foredrar B nigot Foredrar B

Foredrar B mycket

Om du foredrog A eller B, skriv varfor:

10 Vilket ljud foredrar du?

Foredrar A mycket Foredrar A Foredrar A nigot Foredrar varken Aeller B Foredrar B nigot Foredrar B

Foredrar B mycket

Om du foredrog A eller B, skriv varfor:

11 Vilket ljud foredrar du?

Foredrar A mycket Foredrar A Foredrar A nigot Foredrar varken Aeller B Foredrar B nigot Foredrar B

Foredrar B mycket

Om du foredrog A eller B, skriv varfor:

12 Vilket ljud foredrar du?

Foredrar A mycket Foredrar A Foredrar A nigot Foredrar varken Aeller B Foredrar B nigot Foredrar B

Foredrar B mycket

Om du foredrog A eller B, skriv varfor:
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13 Vilket ljud foredrar du?

Foredrar A mycket Foredrar A Foredrar A nigot Foredrar varken Aeller B Foredrar B nigot Foredrar B Féredrar B mycket

Om du foredrog A eller B, skriv varfor:

14 Vilket ljud foredrar du?

Foredrar A mycket Foredrar A Foredrar A nigot Foredrar varken Aeller B Foredrar B nigot Foredrar B Féredrar B mycket

Om du foredrog A eller B, skriv varfor:

15 Vilket ljud foredrar du?

Foredrar A mycket Foredrar A Foredrar A nigot Foredrar varken Aeller B Foredrar B nigot Foredrar B Féredrar B mycket

Om du foredrog A eller B, skriv varfor:

16 Vilket ljud foredrar du?

Foredrar A mycket Foredrar A Foredrar A nigot Foredrar varken Aeller B Foredrar B nigot Foredrar B Féredrar B mycket

Om du foredrog A eller B, skriv varfor:

17 Vilket ljud foredrar du?

Foredrar A mycket Foredrar A Foredrar A nigot Foredrar varken Aeller B Foredrar B nagot Foredrar B Foredrar B mycket

Om du foredrog A eller B, skriv varfor:

18 Vilket ljud foredrar du?

Foredrar A mycket Foredrar A Foredrar A nigot Foredrar varken Aeller B Foredrar B nigot Foredrar B Féredrar B mycket

Om du foredrog A eller B, skriv varfor:



19 Vilket ljud foredrar du?

Foredrar A mycket Foredrar A

Foredrar A nigot

Foredrar varken A eller B

Foredrar B nigot

Foredrar B

Féredrar B mycket

Om du foredrog A eller B, skriv varfor:

20 Vilket ljud foredrar du?

Foredrar A mycket Foredrar A

Foredrar A nigot

Foredrar varken A eller B

Foredrar B nigot

Foredrar B

Foredrar B mycket

Om du foredrog A eller B, skriv varfor:

21 Vilket ljud féredrar du?

Foredrar A mycket Foredrar A

Foredrar A nagot

Foredrar varken A eller B

Foredrar B nigot

Foredrar B

Féredrar B mycket

Om du foredrog A eller B, skriv varfor:

22 Vilket ljud foredrar du?

Foredrar A mycket Foredrar A

Foredrar A nigot

Foredrar varken A eller B

Foredrar B nigot

Foredrar B

Féredrar B mycket

Om du foredrog A eller B, skriv varfor:

23 Vilket ljud foredrar du?

Foredrar A mycket Foredrar A

Foredrar A nigot

Foredrar varken A eller B

Foredrar B nigot

Foredrar B

Féredrar B mycket

Om du foredrog A eller B, skriv varfor:

24 Vilket ljud foredrar du?

Foredrar A mycket Foredrar A

Foredrar A nagot

Foredrar varken A eller B

Foredrar B nigot

Foredrar B

Féredrar B mycket

Om du foredrog A eller B, skriv varfor:
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Var det latt/svart att hora skildnader?

Lyssnar du regelbundet med audio effekter?
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