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ABSTRACT

This purpose of this thesis is to analyze voice-activated recording artifacts,
using a playback audio created in Adobe Audition. To show how an automated voice
recorder with standby mode treats the silence of a recording. This thesis focuses on
the WAV PCM format. The WS-550M, WS-560M, and the DM-520 recorders did not
have the option to create a WAV PCM file, therefore the WS-550M and the 560M
created MP3 files and the DM-520 created a WMA file. Each of the recorders have
automated standby mode. The recorders were set to create a WAV PCM that was a
16-bit stereo file at 44kHz. Below is a list of the devices that will be used in this

study.

Olympus DM-520
Olympus DM-620
Olympus WS-550M
Olympus WS-560M
Olympus WS-700M
Olympus WS-700M
Olympus WS-750M
Olympus WS-760M
Olympus WS-802
Olympus WS-822
Olympus WS-823
Philips Voice Tracer
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CHAPTER |

INTRODUCTION

This purpose of this thesis is to analyze voice-activated recording artifacts,
using a playback audio created in Adobe Audition. To show how an automated voice
recorder with standby mode treats the silence of a recording. This thesis focuses on
the WAV PCM format. The goal is to show that each recorder with the automatic
standby mode records the silence different, whether it be different from recorder to
recorder or being different in the length of time being captured from the playback
audio. Looking at the different sets of data that was captured from each recorder will
show how the WAV PCM format captures the specific playback audio from model to

model on the recorders.

As technology is advancing, the need for better understanding on how the
automatic standby mode affects a recording is crucial for the Digital Forensics field.
Looking at the WAV PCM format is just one area that needs better understanding.
This thesis will look at one WMA file, nine WAV PCM files, and two MP3 files,
however the focus will be on the WAV PCM files. Right now, what is known is if you
have a ten-second generated silence, the automated standby mode of the recorder
is entering standby mode as the silence begins. This research will show what
happens when the recorders enter standby mode and how it affects the captured
playback audio. In the Digital Forensics field recorders are becoming more
commonly used to capture audio, so this thesis will help to understand what the
recorder does when a silence occurs, and how that affects the outcome of the

recording.



Previous Research

The topic of automated standby mode, which is also considered to be
voice-activated, is a topic that does not have extensive prior research. There are
instances in previous works that a study on it has been suggested. Instances of
pause in records were mentioned in an article titled “Tape Analysis and
Authentication Using Multi-Track Recorders” (Begault, Brustad, & Stanley, 2005). In

their article they said

‘In many cases, an audio forensic expert is called upon to examine
taped evidence to provide an opinion on whether or not a tape has been
“‘edited” or “doctored” in any way. Specifically, this translates into an
analysis of the temporal sequence of events found on the tape that
correspond to record start, pause, and stop operations of one or more

tape recording devices. “

After reading that, it was evident that a study about the voice-activated artifacts
needed to be performed. With the way the technology is changing, and the criminals
are evolving with the technology, a study regarding the automated standby mode is
becoming increasingly more required. The forensic field needs that understanding of
how a recorder handles the automated standby mode. This study goes on to discuss
the waveform analysis, which this study shows the waveform of each of the
recordings that were taken. However, this study goes on to say that the type of
analysis needed for the pause signatures of a recording are not within the scope of

that article.



The next article that was reviewed was the “Test Audio Recordings and Their
Use in Authenticity Examinations. Database of Properties of Digital Audio Recorders
and Recordings.” (Michalek, 2016). This article discusses the digital audio recorders
that are becoming available, and how they have so many capabilities among which
comes a voice-activated recording. It explains that the evidentiary value of being
able to verify the model of a recorder and the parameters associated with that
recorder. The author does not go into detail regarding the pause or voice-activated
functions, as this article is geared more towards the authenticity of a recording more
than it is to provide an understanding of the pause or voice-activated functions. The
evidentiary value of knowing how a recorder reacts to an automated standby mode
could also be very helpful to the forensics field, especially when it comes to recorded

conversations.

Next is an article called “Overview of Audio Forensics” (Maher, 2010), in this

article the voice-activated functionality is referred to as a gate. Maher (2010) stated:

“The noise gate compares the short-time level of its input signal with a
pre-determined level threshold. If the signal level is below the
threshold, the gate closes and no signal is let through, while if the
signal level is above the threshold, the gate opens and allows the

signal to pass. “

When thinking about what the voice-activation functionality is doing, it could be
considered as a gate. In this instance the “gate” as Maher called it, would be the
standby mode once a period of silence has been detected. On a digital recorder like

one of the ones used in this thesis study the background noise of the recording area
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was recognized as silence and the only noise to be recorded was the tones that
were supposed to be recorded. So essentially when the recorder recognized the
sounds of the air conditioning unit as a silence it had become a gate and was not
allowing those sounds to activate the recorder to enter back into recording mode.
But once again it does not go into further details about what the voice-activated

does, after the gate comparison.

Next is “Audio Forensic Examination” (Maher, 2009), this article is discussing
that during an examination the examiner is looking for consistency marks. They are
looking for those identifying areas like the record, erase and the pause as well.
Mainly the transitions from each of these modes can be seen on the magnetic
development of the recording. However, this article does explain that these markers
can be helpful during the examination process to identify the recorders. It does not
continue or explain more about the functionality of the voice-activated or pause
areas to support their evidentiary value. They explain that the examiner is using
these markers to determine authenticity which having a better understanding of the
voice-activated function could provide an easier identifier for the authenticity of a

recording.

Next is the “SWGDE Best Practices for Digital Audio Authentication”
(Scientific Working Group on Digital Evidence, 2017), in this article they are laying
out the best methods for which an examiner should go about their authentication
process. They list questions that each examiner should ask prior to their

examination. They state:



“Additionally, discontinuities and alterations within the questioned
recording should be included in the report with an explanation of the
cause. Examples would include recording pauses, voice activation

discontinuities, etc.”

They are saying that should the examiner find an instance of a pause or other
discontinuities they should put it in their report, that they discovered it. Then after
they have completed their examination they can say with a reasonable degree of
consistency whether the device was paused like the client stated it was or was not.
In ‘Appendix A: Sample Case’ (Scientific Working Group on Digital Evidence, 2017)
they show a case in which they have two versions of what happened to a recording.
One instance it was continuous and the other instance it was paused and restarted,
so they use the waveform, and spectrogram analysis to determine if there were any
instances of pause/restart in the recording. After they finished testing with the
waveform and the spectrogram they used the energy analysis to confirm the results.
This article does show that you can determine if there are any instances of
pause/restart in each recording. Even though this article does talk about

pause/restart further research is needed to gain a better understanding.

Next is the “Forensic Enhancement of Digital Audio Recordings” (Koenig,
Lacey, & Killion, 2007). In this article is discussing some of the techniques that can
be used to enhance an audio recording. It discusses the process of examination
from the equipment and software to the expert testimony. They can discuss how
they are able to improve the intelligibility of a voice from a recording. They explain

that when they receive an audio file that is not playable they have to include that in



their report along with the possible reasons as to why the audio file is not playable.
But much like the other articles it does not going into detail about the voice-
activated/automated standby. This article is more geared toward enhancing what
they are receiving in evidence versus understanding what the voice-

activated/automated standby is doing to the recordings.

The last article that was reviewed was “Forensic Authentication of Digital
Audio Recordings” (Koenig & Lacey, 2009). This article starts by discussing the
materials that are at hand for these types of examinations to take place. They go on
to discuss the authenticity examination protocol in which they are determining one of

four options for the recording. One of the options is:

“Has discontinuities in the recording process, including record stops,

starts, stop/starts, and amplitude-activated pauses.”

So, for this article the pauses or voice-activated areas are discontinuities. They
continue to discuss how they create their test recordings. They go through a case in
which an authentication of an audio file was conducted. However, there is a mention
of the voice-activated or automated standby but it’s just that a mention. They do not
go further into the subject. Which is why the research on this topic should be done,

to show what it looks like from a recorder using a specific set of settings.



CHAPTER Il

PREPARATIONS

The test that has been designed for this study has a set time limit. In that time
limit the noise has its own time frame followed by a specific time frame of generated
silence. The playback audio that has been created will be recorded on each of the
chosen recorders that have the automated standby mode. The testing will use
twelve recorders. Each recorder will record the playback audio that was created for
this study. After each recorder has recorded the playback audio recording, the file
will then be transferred from the recorder to be analyzed after the testing has

completed.

Materials

The software materials that were used in this study were: Microsoft Excel,
Mathworks MATLAB, and Adobe Audition. There were two different brands of
recorders being used in this study, Olympus and Phillips were the only two types of
recorders with automated standby modes being used. There were eleven different
Olympus recorders and only one Phillips recorder. Nearly all the recorders are
Olympus, this gives the opportunity to see how different models of the same brand

react when using the standby mode.

Methods

Using Adobe Audition the playback audio recording was made. The playback
audio had 1kHz tones, 2kHz tones, and silence areas. Each area lasted for ten-
seconds, starting with the 1kHz tone, then going to a ten-second silence, then going
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to the 2kHz tone. The playback audio was setup so that it would have two rounds of
the 1kHz tones, and the 2kHz tones, and then it would contain three areas of
silence. The reason this study used the 1kHz tones and the 2kHz tones instead of a
broadband noise goes back to the information that was found while reviewing the
previous research. Previous research shows that some recorders will introduce a
gap when using the pause-record mode. It was unknown as to whether the
recorders being used in this test would introduce a gap, therefore it was needed to
use the 1kHz tones and the 2kHz tones to differentiate between them on the

spectrogram.

The following figures provides a better understanding of the layout of the
playback audio recording that was used. The first figure shows the diagram of how
the playback audio should be generated to get the best results. The second figure

shows what the playback audio file looks like after being generated.

ry ————&
2kHz Tone T 2kHz Tone \
10 seconds L 10 seconds
1kHz Tone \ 1kHz Tone \
10 seconds < s 10 seconds -
Silence )l Silence \ Silence W
10 seconds 10 seconds 10 seconds

Figure 1.: Diagram showing the layout of the playback audio recording.
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This setup for the playback audio recording allows for each recorder to have
more than one sample area of silence. It starts with a 1kHz tone lasting for ten-
seconds, then it will go to a silence for ten-seconds, then to the 2kHz tone for ten-
seconds, then to another silence for ten-seconds, then back to the 1kHz tone for
another ten-seconds, then to another silence for ten-seconds, and then it will end
with a 2kHz tone for ten-seconds. This test is looking at the areas of silence to see

how each recorder captured that ten-seconds of silence.

When generating the 1kHz tone, the base frequency was set to 1000Hz. The
modulate and modulation frequency were set to zero. For the frequency
components, the first component was set to 100, and components two through five
were set to zero. In the phasing area, all settings were set to zero. In the dB Volume
area, both the Left and the Right were set to -6. The DC offset was set to zero. The
Flavor was set to sine. The duration was set for ten-seconds. Figure 3. shows the

settings for the 1kHz tone.
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Figure 3.: Adobe Audition 3.0, Generating 1kHz tones.

When generating the 2kHz tone, it needed to have most of the same settings
as the 1kHz tone. The base frequency was set to 2000Hz. The flavor characteristic
was set to one. The modulate and modulation frequency were set to zero. The
frequency components were the same with the first component being set to 100, and
components two through five were set to zero. In the phasing area, all settings were
set to zero. In the dB Volume area, both the Left and the Right were set to -6. The
DC offset was set to zero. The Flavor was set to sine. The duration was set for ten-

seconds.

When generating the silence, it was much simpler as the settings had one

option that could be changed and that was the duration for which the generated
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silence was supposed to last. The setting was changed to show ten-seconds. Figure

4. shows the settings for generating silence.

R e

Silence Time 10 geconds | |

| Cancel |

l Help ]

Figure 4.: Adobe Audition 3.0, generating a ten-second silence.

Testing

After the audio file has been created, the testing phase can begin. In the
testing phase, the area for testing has background noise to give the test a more
realistic setting. The test was setup using two desktop computer speakers. The
speakers were placed approximately three inches apart. The recorder was laying
down on a desk during the recording time, this allowed for the recorder to be placed
approximately one inch centered from the speakers. For the Olympus brand
recorders, the microphone is located at the top of the recorders. For the Philips
recorder the microphone was in the top of the recorder also. The recorders were
placed between the speakers to ensure that both the left and right channel received
the tones at the same time at the same volume. To begin the recording process the
record button on the recorder was pushed to begin recording, allowing to enter
standby mode while pushing the start button to begin playing the recording button.
The playback audio file lasts for approximately one minute and twenty seconds. The
computer volume is set to 100%. Once the recorder has finished recording the
playback audio the record button is pushed once more to complete the recording
phase for that device. After the recording has been completed, the recorded file is

11



then transferred to the computer for the analysis phase. Only one recorder is running
at a time, this was done to ensure that the recorder could capture the playback audio
file as it was being played through both computer speakers, without have the extra

sounds of each recorder as they are being started and stopped.

During the testing time, if a noise other than the background noise that the
recorder noticed during the beginning of the recording is picked up the recording
was started over. The main area of concern were the areas of silence in between the
1kHz and 2kHz tones. The areas of silence before the first 1kHz tone was not a
concern as the recorder would have picked up the sound of the recorder being
started and then went into standby mode until the playback audio is started. The
same goes with the ending of the recording, after the end of the 2kHz tone the
recorder would pick up the sound of the recording being stopped. So, to conduct a
proper test of the areas of silence, the beginning and end were not taken into

consideration for this study.
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CHAPTER Il

ANALYSIS

The analysis phase was done using Adobe Audition and MATLAB. Using
Audition, each recording was loaded into the software to get a better view of what

was recorded. Figure 5. will show what the recording looks like after it has been

loaded into Adobe Audition.

Looking at Figure 5. the information that is being analyzed is the silences,
those silences can easily be seen in this recording. Each of those spaces were set
for a ten-second time duration which is why the entire playback audio file was one
minute and twenty seconds. When looking at the silences we are calculating the
number of samples per area of silence, however, the silence at the beginning of the
recording will not be calculated and nor will the silence at the end of the recording.
This is to ensure that the silence area that is being calculated has not been affect by

the sounds of the recorder being started and stopped. When analyzing each of the
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recordings, the number of samples, the amplitude statistics, and the frequency

analysis are taken from each of the middle three silence areas.

s e

ence to be analyzed.

g

Figure 6.: Olympus DM-520, zoomed in to an area of sil

Looking at Figure 6. it shows a zoomed in version of the audio recording. It is
showing a 1kHz tone followed by a silence and then to the 2kHz tone. That area of
silence is what is being analyzed, the region of that silence that will be selected for
analysis will be directly following the end of the 1kHz tone and stopping immediately

prior to the start of the 2kHz tone.
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Flgure 8.: OIympus DM-520, Amplitude Statlstlcs

Flgure 9.: Olympus DM-520, Frequency Analysis.

Figure 7. shows the number of samples per the selected area of silence. In
this case looking at the Olympus DM-520 recorder, the number of samples
contained in the first selected silence was 26942. The samples started at 247140
and then ended at 274082. Now that the number of samples for that silence has
been determined, it's time to go on to the amplitude statistics. The amplitude
statistics shows the Minimum Sample Value, Maximum Sample Value, Peak
Amplitude, Possibly Clipped Samples, DC Offset, Minimum RMS Power, Maximum

RMS Power, Average RMS Power, and Total RMS Power, and Actual Bit Depth.
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The main information that is being analyzed from this is the Peak Amplitude, the
Minimum RMS Power, the Maximum RMS Power, the Average RMS Power, and the
Total RMS Power. Figure 8. shows all the information that was obtained looking at
the amplitude statistics. Figure 9. shows the frequency of the sampled area, which

shows that the area that was sampled does not contain the sound of the tones.

After each of the recordings were completed, they were transferred to the
computer one at a time. After transferring, the brand, the model, and the serial
number of each recorder was recorded for the results phase. The format for each
recording was recorded for the results, to ensure the results of the WAV PCM files
were not mistaken with another format. Looking at the number of samples contained

within the first silence among all twelve recorders you can see a variation.

Looking at the information in the samples area of Figure 10. the variation can
be seen. A similarity can be seen between the model numbers that are close, but
that’s just for the first silence in each of these recordings. Using the same recording
from the Olympus DM-520, the samples for the second are totaled at 25953, with the
beginning starting at 494580 and ending at 520533. Comparing the second silence
sampling area to the first sampling area there is less than one thousand samples
difference. At this point we can see that this Olympus DM-520 recorder has a similar
pattern for their number of samples per the first and second area of silence for this

recording.

Now to look at the third silence for this recording. Using the same Olympus
DM-520 recording, the third silence number of samples is very close to the number

of samples contained in the first silence. The number of samples between the first

16



and the third are only five samples difference. For the third silence the total number

of samples was 26947, the number of samples for this area began at 741000 and

then ended at 767947. While the beginning and end numbers for the samples are

not very close however the total number of samples among all three silences is

similar being that are less than one thousand samples in difference.

Looking at the samples for each break, the total number of samples per break

was used to calculate the mean and the standard deviation of each recording. The

mean and the standard deviation can be seen in the excel spreadsheet shown in

Figure 11.

Samples

Recorder

Format

Break #1

Break #2

Break #3

Brand

Model

WAV PCM/
MP3/WMA

Begin

End

Length

Begin

End

Length

Begin

End

Length

Olympus
Olympus
Olympus
Olympus
Olympus
Olympus
Olympus
Olympus
Qlympus
Olympus
Qlympus
Philips

DM-520
DM-620
WS-550M
WS-560M
WS-700M
WS-TOOM
WS-T50M
WS-TE0M
WS-802
WS-822
W5-823
Voice Tracer

WMA
Way PCM
MP3
MP3
WAV PCM
WAY PCIM
WAV PCM
WAV PCM
WAV PCM
WaAY PCM
WAV PCM
WAY PCM

247140
460274
460000
460000
442200
442579
450000
450000
470000
470000
475000
465549

274082
495650
470000
470000
493955
496432
485000
485000
510000
515000
515000
597150

26942
35376
10000
10000
51755
53853
35000
35000
40000
45000
40000
131601

494580
936652
914080
8914061
835072
937467
835113
8934812
858100
861200
865000
1038143

520533
974200
829416
829354
887130
889361
888918
888650
1011825
1017061
1020886
1170716

25953
37548
15336
15293
52058
51894
53805
53838
53725
55861
55886
131573

741000
1415200
1373000
1373000
1427881
1430300
1440000
1440000
1460000
1465000
1466000
1612650

767947
1450579
1383000
1383000
1481726
1484200
1475000
1475000
1500000
1505000
1512000
1744191

26947
35379
10000
10000
53845
53900
35000
35000
40000
40000
48000
131541

Figure10.: Excel Spreadsheet showing the samples for each break.
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Number of Samples per Break
Format |Recorder Make/Model |Serial Number |Break 1|Break 2|Break 3| Mean |Standard Deviation

Olympus DM-620 100115567 35376 | 37548 | 35379 36101 1253.14
Olympus WS-700M 100124078 51755 | 52058 | 53845 | 52552.67 1129.40
Olympus WS-700M 100126397 53853 | 51894 | 53900 | 53215.67 1144.84
Olympus WS-750M 200104369 35000 | 53805 | 35000 | 41268.33 10857.07
Wav PCM Olympus WS-760M 200110592 35000 | 53838 | 35000 | 41279.33 10876.12
Olympus WS5-802 100137893 40000 | 53725 | 40000 44575 7924.13
Olympus W5-822 100169832 45000 | 55861 | 40000 | 468953.67 8108.97

Olympus W5-823 100258938 40000 | 55886 | 46000 | 47295.33 8021.82

Philips Voice Tracer LFHO882 131601131573 | 131541 |131571.67 30.02
MP3 Obympus WS-550M 200137081 10000 | 15336 | 10000 | 11778.67 3080.74
Olympus WS-560M 200126197 10000 | 15293 | 10000 | 11764.33 3055.91

WMA Olympus DM-520 100104915 | 26942 | 25953 | 26947 | 26614 572.45

Figure 11:. Excel Spreadsheet showing the mean and standard deviation from total samples of each break.

After noticing the similarities amongst the number of samples just from the
Olympus DM-520 a more in depth look at each of the recordings was needed. Not all
the recorders had the same closeness in the number of samples for each silence as
the Olympus DM-520 does. Looking at the frequency analysis for each of the
recordings, it was clear that during the areas of silence there was just the
background noise from the room in which the testing was performed. The amplitude
statistics of each recording gave us the RMS power information for the left and the

right of each recording.

After the information had been put into an excel spreadsheet, MATLAB was
then used to run a script to plot the waveform and the energy plots for each of the
twelve recordings. Looking at the plots, plot 1 and plot 3 show the same output
signal, the amplitude looks alike, however the energy in the right channel looks

different.
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samples %108
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samples %107
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T

Amplitude
S o
(5 e
I 1 T
]

samples %10°
DM520997. WMA, Right Channel
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samples w102

Figure 12.: Olympus DM-520 MATLAB waveform and energy plot for both the left and the right.

During the testing of these recorders, the number of samples per area of
silence varied. That is due to a few of the recordings having a zero value at the end
of the tones. So, to not have a sample number of zero, the sample size for those
files were selected as a smaller area than the rest of the audio files had. This

allowed for the number of samples per that area of silence to be something other

than zero.
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RESULTS

This thesis started with a playback audio file that was generated using Adobe
Audition. That audio file was set to have a start of ten-seconds of 1kHz tone,
followed by ten-seconds of silence, then ten-seconds of 2kHz tones, then ten-
seconds of silence again, then back to ten-seconds of 1kHz tones, then another ten-
seconds of silence, and ending with ten-seconds of 2kHz tones. The entire audio file

was one minute and twenty seconds long.

Now let’s look at the duration of the twelve recorded audio files, the playback
audio file was one minute and twenty seconds long. Figure 13. shows the duration of

the recorded file from each recorder.

Fecorded File Duration

Brand Model Serial Number | Recording Length
Clympus DM-520 100104915 46 seconds
Olympus DM-620 100115567 43 seconds
Cllympus WS-550M 200137081 41 seconds
Olympus WS-560M 2001261497 41 seconds
Clympus WS-700M 100124078 44 seconds
Olympus WS-T00M 100126397 46 seconds
Clympus WS-750M 200104369 44 seconds
Olympus WS-T60M 200110552 44 seconds
Clympus WS-B02 100137893 45 seconds
Ohympus Ws-822 100169832 45 seconds
Clympus WS-B23 100258938 45 seconds

Phillips Yoice Tracer LFHO882 52 seconds

Figure 13.: Excel Spreadsheet showing the time duration for the recorded file on each recorder.

Just by looking at the duration of each of the recordings you can see that
even though the playback audio file had a set time frame of ten-seconds per break
of silence, the recorder did not capture that ten-seconds once the recorder entered
standby mode.
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CHAPTER IV

FUTURE RESEARCH

In this study, the areas of silence to show that the recorder had gone into
standby mode showed that the even though the playback audio file had a set ten-
seconds of silence the recorder did not record that. The playback audio file was one
minute and twenty seconds, after the testing and analysis was completed none of
the recorders had a one minute and twenty second recordings. The recordings were
less than one minute in duration. Once the recorder has gone into standby mode
and essentially paused the recording process the playback audio file was still going
which is how the recordings were shorter than the playback audio file. Therefore, the
results could show that after the recorder has adapted the background noise of a
recording the recorder will remain in standby mode until a different noise level is
present before the recording will continue and the recording time itself will remain at

the time in which the recorder entered standby mode.

This study was just the beginning of the information that is needed to be
explored regarding the voice-activated or automated standby modes. The focus of
this study was on the automated standby mode recorders, and WAV PCM files,
there was one WMA and two MP3 files that were tested. However, when it comes to
the WMA and MP3 files further research is requested, along with the manual
standby mode recorders. Testing to determine if there is a possibility that the
recorder can show a difference of amplitude among the channels is needed. In this
study the 1kHz tones do not have a spike but there is a spike present on the 2kHz

tones further research is needed to gain a better understanding of this issue. Testing

21



using broadband noise, real life noises, as well as speech and other noises is
requested. There is a need for further research using a different set of computer
speakers to determine if the spikes are coming from the speakers or if they are
coming from the recorders. This study is just the beginning of the information that is

needed to understand the topic of voice-activated artifacts.
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plots.

APPENDIX A

OLYMPUS DM-520

Images of the Olympus DM-520 recording, settings, and MATLAB energy
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Ampltude Statistics
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This shows the MATLAB Amplitude and Energy plots.
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APPENDIX B

OLYMPUS DM-620

Images of the Olympus DM-620 recording, settings, and MATLAB energy

plots.
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This shows the amplitude statistics of the first break
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Amplitude Statistics
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This shows the MATLAB Amplitude and Energy plots.
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APPENDIX C

OLYMPUS WS-550M

Images of the Olympus WS-550M recording, settings, and MATLAB energy

plots.

Hold: [

o it

his show the frequency statistics of t

S0 500 =5 =2

he irst brak.

30



This shows the amplitude statistics of the first break.
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Amplitude Statistics
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This shows the MATLAB Amplitude and Energy plots.
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APPENDIX D

OLYMPUS WS-560M

Images of the Olympus WS-560M recording, settings, and MATLAB energy

plots.

This shows the file that was created when recording the playback audio file.
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This shows the amplitude statistics of the first break
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This shows the MATLAB Amplitude and Energy plots.
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APPENDIX E

OLYMPUS WS-700M

Images of the Olympus WS-700M recording, settings, and MATLAB energy

plots.
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This shows the amplitude statistics of the first break.
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This shows the MATLAB Amplitude and Energy plots.
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APPENDIX F

OLYMPUS WS-700M

Images of the second Olympus WS-700M recording, settings, and MATLAB

energy plots.
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This shows the amplitude statistics of the first break.
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This shows the MATLAB Amplitude and Energy plots.
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APPENDIX G

OLYMPUS WS-750M

Images of the Olympus WS-750M recording, settings, and MATLAB energy

plots.

This shows the file that was created when recording the playback audio file.
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This shows fh frequency statistics of the first break.
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This shows the amplitude statistics of the first break.
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This shows the frequency statistics of the third break
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Amplitude Statistics
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This shows the amplitude statistics of the third break.
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This shows the MATLAB Amplitude and Energy plots.
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APPENDIX H

OLYMPUS WS-760M

Images of the Olympus WS-760M recording, settings, and MATLAB energy

plots.
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This shows the amplitude statistics of the first break.
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Amplitude Statistics
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This shows the MATLAB Amplitude and Energy plots.
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plots.

APPENDIX |

OLYMPUS WS-802

Images of the Olympus WS-802 recording, settings, and MATLAB energy
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Tis shows the frequency statistics of the first break.
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This shows the amplitude statistics of the first break.
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Amplitude Statistics
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This shows the MATLAB Amplitude and Energy plots.
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APPENDIX J

OLYMPUS WS-822

Images of the Olympus WS-822 recording, settings, and MATLAB energy

plots.
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This shows the amplitude statistics of the first break.

Ampl

Gerer! | Hetoos

M 5 ampe Value:

Masinum Saple Vole: 1

Fossbly Cpped Samples: 0
DCOMet 002%

Maimun RMS Power. 548 [5] 34

D)
wole: (1) (2) (3[4

This shos the frequecy statitics of th third break
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Minimum Sample Vahie: 2424 5] %0

Masinm Sample Value: 2645 5 2w

PeskAmphude: 228 5] ABS  [>
Fossibly Cipped Samples: 0 [

DCOfset -007 % o %
Miioum RS Power. 5578 [5] #0728 [5]
Masinum RMS Power: 313568 (5] 0568 [
Average RMS Power. 31288 258

TotalAMS Power. 3318 24®
ActualBit Depth: 16

CopyDatato Cipboard |

RIS Satings
048 =5 Sine Wave Widouidh 0 s .
© 08 = S Suse Wave (oo

7] Accout for DC [ Recsluserivs ] =g

tistics of the third break.

esb

This shows the amplitude sta

161217 ,058.WAV, Left Channel

samples %108
16121 Tﬂl}ﬁﬂ.WAV, Left Channel

0 0.2 0.4 0.6 08 1 12 14 16 1.8 2
samples %108
16121 TBUSE.WAV, Right Channel

samples <108
16121 TGUSB.WAV, Right Channel

] 0.2 0.4 0.6 0.8 1 12 14 16 1.8 2
samples #108

This shows the MATLAB Amplitude and Energy plots.
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APPENDIX K
OLYMPUS WS-823

Images of the Olympus WS-823 recording, settings, and MATLAB energy
plots.

Masinum Sangle Vabe: 1915

Pesk Arghude: 28 [
Possily Cippad Sanpls: 0
OCOMher 005%
woe (5 uss

o BBEB
TotlRMS Power. 5356

Actus B Dep: 16

Copy Data o Cgtosd
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This shows the amplitude statistics of the first break.

>
Hold: (1)(2)(3)(4]

s the frequency statistics of the econd break.

"~ This sho

Let Right

pleVae 19550 [5] 20200

Masinun Sampl Value: 16330 5] e
PeskAnpltude: 488 [5] 4188 5

Possbl Cipped Sanples: 0 0
DOt 0% o

Minioum BMS Power. 779608 [5] B5® [

Masinun RMS Power: 106788 [5] 10518 [5

Average RS Poner. 29658 x6®
TotalAMS Power. 220948 ST

Actusl B2 Depth 16

CopyData o Cpboad

WindowVidh 50 e

90000 o0 300000 102000 “osdont

This shos the amplitude statistics of the econd break.

e 50000

This shows th frequency statistics of the third break.
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Amplitude Statistics

Gener | Hidogen|

Let Right
Mirimum Sample Valie: 2239 5] e
Masimum Sample Value: 2100 ] am
Pesk Ampitude: 23318 5] 21098  [3]
Possiby Cipped Sanples: 0 0
DCOffset: 007% 8%

wus [5) BnE >

Masimam RMS Power: 3358 [5] B8 [

Average RMS Power. 353268 BnBHB
Total AMS Power: -35.31 &8 B2

Actual B Depth: 16

sGoer Data o Chotmsid

S Sees

08 - F5 SnoWave Wodowwidh 50 me
© 008 = F5 Square Wave: )
Ul Accontlo0C Recsodeis | (g |

This shows the amplitude statistics of the third break.

& o
o

Amplitude

samples x108
1?0825005?.WAV, Left Channel

0 02 04 06 08 1 12 14 16 18 >
samples w108
170325ﬂ037.WAV, Right Channel

o
L&)

Amplitude
o
t o

samples =107
170825,067.WAV, Right Channel

0] 02 04 06 0.8 k| 1.2 14 16 18 2
samples 108

This shows the MATLAB Amplitude and Energy plots.
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plots.

APPENDIX L

PHILIPS VOICE TRACER

Images of the Philips Voice Tracer recording, settings, and MATLAB energy

Gooo " geckon_4s000 300000 52000

iss
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This shows the amplitude statistics of the first break.

Left Right
Miinum Sample Value: 6226 ST

| Mo Sampl value: 6306 5) 63
PeskAnpliude: 1438 [5] 14BS [5)
Possbly Clpped Sares: 0 0

DCOffset 0% 001 %

Miinun RMS Power: 51548 (5] $128 [

| MssnmRusPoer 18128 [5] 1838 [5
Average RMS Poner: 42538 2@
Tois M Poner. 333868 e

Actusl B Degth: 16

Copy Datato Cipbosd

etings
WindowWidh: 50 me. !
Cose

Recdculte FMS =

Taosoos 10 wioco  visoo0 a0 R )

This show the amplitude statistis of the second brek.

esioo0 o 5

This sh

72000

ws he frequency statistics of the third break.
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Gener | it

Masinun Sample Value:
Peak Ampltude: 5] ust® 5]
Possibly Cipped Samples: 0 0
DCOffset 002% 03%
Miriun RMS Power: 50738 (5] 51548 [

Maxinum AMS Power: 17998 [5] 18288 [
Average RMS Power: 4266 8 and
Total RMS Power. 3318 3448

ActualBit Dept 16

[ Copy Data o Cipboard

AMS Setings
0dB = FS Sine Wave ‘Window Width: 50

© 08 - F5 Sauste Wave Coe

) oo o DT Recokte RS ][]

This shows the amplitude statistics of the third break.

DVT,005,90401 000.WAV, Left Channel

o 0.2
=
=
ZE a0
E
< .02
0 05 1 15 2
samples %108
DVTA005090401 QWD.WAV, Left Channel
= Dm T T T T =
&2
2 o002 B
i
0
0 0.5 1 15 2
samples x108
DVTA0I35090401 ﬂﬂfDI]l.WAV, Right Channel
i —
=
=
2
2
% i

samples 108
DVT, 005,90401 ,000.WAV, Right Channel

samples %108

This shows the MATLAB Amplitude and Energy plots.
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BREAK #1

APPENDIX M

EXCEL SPREADSHEETS

Images of the Excel spreadsheets that contain all the information that was analyzed from the recordings.

Break #1

Recorder

Format

Samples

Peak
Amplitude
(dB)

Minimum
RMS Power
(dB)

Maximum
RMS Power
(dB)

Average
RMS Power
(dB)

Total RMS
Power (dB)

Brand Model

WAV PCMW/
MP3/WMA

Begin

End

Length

Left | Right

Left | Right

Left | Right

Left | Right

Left | Right

Dm-520
DM-620
WS-550M
WS-560M
WS-T00M
WS-TO0M
WS-T50M
WS-TEOM
WS-802
WS-822
WS-823
Voice Tracer

Olympus
Olympus
Olympus
Olympus
Clympus
Olympus
Olympus
Olympus
Olympus
Olympus
Olympus
Philips

WIMA
WAY PCM
MP3
MP3
WAV PCM
WAY PCM
WAV PCM
WAY PCM
WAV PCM
WAY PCM
WAV PCM
WAY PCM

247140
460274
460000
460000
442200
442579
450000
450000
470000
470000
475000
465549

274082
495650
470000
470000
493855
496432
485000
485000
510000
515000
515000
587150

26942
35376
10000
10000
51755
53853
35000
35000
40000
45000
40000
131601

-9.19
-4.5
-28.58
-28.97
-15.86
-4.08
-22.91
-26.07
-22.48
-21.55
-23.97
-15.12

-6.65
-5.04
-28.91
-21.8
-14.5
973
-24 .85
-23.81
-21.74
-21.14
-21.43
-15.3

-44 29
-39.47
-40.5
-41.24
-40.88
-43.31
-37.13
-40.12
-36.62
-36.82
-37.01
-50.59

-42.24
-40.86
-40.91
-40.61
-41.35
-46.28
-38.8
-38.11
-36.35
-36.07
-34.65
-51.31

-14.03
-10.54
-38.82
-40.27
-22.12
-10.26
-33.45
-36.11
-33.09
-31.23
-33.77
-18.74

-12.09
-11.01
-36.96
-39.32
-20.07
-15.64
-35.4
-33.08
-32.47
-30.21
-31.63
-18.78

-28.77
-27.84
-39.31
-40.75
-36.04
-30.82
-35.43
-37.78
-34.54
-33.6
-35.36
-42 82

-26.81
-28.56
-39.81
-39.89
-35.59
-35.52
-37.31
-34.77
-34.09
-32.8
-33.34
-43.22

-22.27
-19.68
-39.29
-40.66
-32.51
-21.53
-35.38
-37.72
-34 .47
-33.54
-35.35
-33.76

-20.36
-20.36
-39.85
-39.78
-30.72
-27.08
-37.26
-34.71
-34.03
-32.73
-33.32
-33.85
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BREAK #2

Break #2
Peak Minimum Maximum
Recorder Format Samples Amplitude RMS Power | RMS Power A;:::f[dR;S ::f:rﬁ:l;]
(dB) (dB) (dB)
WAV PCM/ : < : : : :
Brand Model MP3/WMA Begin End |Length| Left | Right | Left | Right | Left | Right | Left | Right | Left | Right
Olympus| DM-520 WIMA 494580 | 520533 | 25953 | -728 | 674 | 441 |-4235|-11.45|-1047 |-2662 |-2561|-1959|-18.71
Olympus| DM-820 |WAV PCM | 936652 | 974200 | 37548 | -546 | 673 |-3977| 412 |-10862 |-11.72 |-2841|-2963 |-2037 | -215
Olympus| WS-550M MP3 914080 | 929416 | 15336 | -57 | 55 |-4049| 406 |-1032| -103 |[-2167|-21.74|-16.26 | -16.51
Olympus| WS-560M MP3 014061 | 929354 | 15293 | -766 | 601 [-4123| 4017|1157 | -105 |-2295|-21.77|-1749 |-16.48
Olympus| WS-700M | WAV PCM | 935072 | 987130 | 52058 |-13.88 [-13.78 |-4068 |-41.16|-1833 | 1817 |-34 52 |-34 56 | -29.12 | -28.91
Olympus| WS-700M | WAV PCM | 937467 | 969361 | 51894 | -723 | 8505 |-43.42|-4665|-1094 |-1258 | -314 |-3351|-2219|-23.85
Olympus| WS-750M | WAV PCM | 935113 | 988918 | 53805 | -558 | -565 | 404 |-41.74|-1018 |-1048 |-2917|-30.11 |-21.42 |-21.76
Olympus| WS-7T60M | WAV PCM | 934812 | 988650 | 53838 | -5.72 | -4 93 |-4092|-37.77 (-1068 |-1037 |-30.22 |-2877| -219 |-2154
Olympus| WS-802 |WAV PCM | 958100 (1011825 53725 | -389 | 447 |-3674|-36.09|-1035|-11.52| -287 |-29.06 | -21 .61 |-2276
Olympus| WS-822 |WAV PCM | 961200 (1017061 | 55861 | 446 | -3.79 |-3584 |-3496|-1092 |-1021| -29 |-2824| -223 |-2158
Olympus| WS-823 | WAV PCM | 965000 (1020886 | 55886 | 448 | 419 |-37.96|-3585|-1067 |-1051 |-2965|-2861 |-2209|-21.89
Philips |Voice Tracer| WAV PCM [1039143 11170716 131573 | 143 |-1436|-51 54 |-5182 |-18.12|-1828 | -4259|-42 96 |-33.38 | -33.56
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BREAK #3

Break #3
Peak Minimum Maximum
Recorder Format Samples Amplitude RMS Power | RMS Power A;ED::::[?:]S ::f;rT:IES]
(dB) (dB) (dB)
WAV PCM : : : : : :
Brand Model Begin End (Length| Left | Right | Left | Right | Left | Right | Left | Right | Left | Right
IMP3/WMA
Olympus| DM-520 WWIA, 741000 | 767947 | 26947 | -89 | 646 |-4537| 448 |-1415(-12.14 (2894 | -27.06 | -22.34 | -20.41
Olympus| DM-620 WAV PCM (1415200 (1450679 35379 | 477 | -525 |-3989| 412 | 1102 |-1075 (-27.44|-2825|-1962|-20.18
Clympus| VWS-550M MP3 1373000(1383000| 10000 | -28.7 |-2762|-40.12 |-4056|-38.88 | -39.7 (-3929|-40.04|-30.35|-3995
Olympus| WS-560M MP3 1373000(1383000| 10000 (-29.01|-2B37| 415 (4008 |-40.38|-3909 (4082 |-3954|-4079 | -3952
Olympus | WS-700M | WAV PCM (1427881 (1481726 53845 (-15.01( -14.1 |-40.96|-41.78 |-22.05|-20.15 |-36.01 | -35.61|-32.33 | -30.74
Olympus| WS-700M | WAV PCM | 1430300(1484200| 53900 | 492 | -989 |-4279|-46.28 |-1029|-1593 |-3086| -35.7 |-21.55(-27.18
Olympus| WS-7500 | WAY PCM |1440000|1475000| 35000 | -23.9 |-2537 |-37.26|-38.76 |-3364 |-3584 |-3561 |-37.44|-3554 | -374
Olympus| WS-760M | WAV PCM |1440000(1475000| 35000 (-2585 (-2342|-3912|-3654 |-3594|-32.33 |-3757 |-3442| -376 |-3443
Olympus|  WS-802 WAV PCM | 1460000|1500000| 40000 |-22.11|-22.47 |-36.61|-3595|-31.74(-31.09|-3401 |-33.42 (-3391|-33.34
Olympus| WS-822 WAV PCM | 1465000 |1505000| 40000 |-22 52 |-20.83 | -35.57 (-3472|-31.35 |-3056 [-3312 | -3245 | -331 | -324
Olympus|  WS-823 WAY PCM | 1466000|1512000| 46000 |-23.31|-21.09-37.14|-3575| -335 [-31.29|-3532(-33.35(-3531|-33.32
Philips |Voice Tracer| WAV PCM |1612650(1744191| 131541 |-14.37 | 1467 |-5073|-5154 |-1799(-1828 |-4266 | 4311 | -331 |-33.44
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NUMBER OF SAMPLES PER BREAK

Number of Samples per Break
Format | Recorder Make/Model | Serial Number|Break 1|Break 2|Break 3| Mean |Standard Deviation

Olympus DM-620 100115567 35376 | 37548 | 35379 36101 1253.14

Olympus WS-700M 100124078 51755 | 52058 | 53845 | 52552.67 1129.40
Olympus WS-700M 100126397 53853 | 51894 | 53900 | 53215.67 1144.84
Olympus WS-750M 200104369 35000 [ 53805 | 35000 | 41268.33 10857.07
WAY PCM Olympus WS-760M 200110592 35000 | 53838 | 35000 | 41279.33 10876.12
Olympus WS-802 100137893 40000 | 53725 | 40000 44575 792413
Olympus WS5-822 100169832 A5000 | 55861 | 40000 | 46953.67 8108.97

Olympus W5-823 100258938 40000 | 55886 | 46000 | 47295.33 8021.82

Philips Voice Tracer LFHOB82 131601 | 131573 | 131541 |131571.67 30.02
MP3 Olympus WS-550M 200137081 10000 [ 15336 | 10000 | 11778.67 3080.74
Olympus WS5-560M 200126197 10000 | 15293 | 10000 | 11764.33 3055.91

WIMA Olympus DM-520 100104915 20942 [ 25953 | 26947 2606014 572.45
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LEFT POWER PER BREAK

Left Power per Break

Format Recircer Break 1|Break 2|Break 3| Mean Stansdard
Make/Model Deviation

Olympus DM-620 | -19.88 | -20.37 | -189.62 [-19.96 0.38
Olympus WS-700M | -32.51 | -29.12 | -32.33 | -31.32 1.91
Olympus WS-700M | -21.53 | -22.19 | -21.55 |-21.76 0.38
Olympus WS-750M | -35.38 | -21.42 | -35.54 | -30.78 8.11

?;: Olympus WS-760M | -37.72 | -219 | -37.6 |-32.41 9.10
Olympus W5-802 | -34.47 | -21.61 | -33.91 [-30.00 1.27

Olympus W5-822 | -33.54 | -22.3 | -33.1 [-29.65 6.37

Olympus W5-823 | -35.35 | -22.09 | -35.31 [-30.92 7.64

Philips Voice Tracer| -33.76 | -33.38 | -33.1 [-33.41 D32

MP3 Olympus WS-550M | -39.29 | -16.26 | -39.35 |-31.63| 13.31

Olympus WS-560M | -40.66 | -17.49 | -40.79 |-32.98| 13.41

WIMA Olympus DM-520 -22.27 | -19.59 | -22.34 | -21.4 1.57




RIGHT POWER PER BREAK

Right Power per Break

Format Recarder Break 1|Break 2|Break 3| Mean Stavdand

Make/Meodel Deviation

Olympus DM-620 | -20.36 | -21.5 | -20.18 |-20.68 0.72
Olympus WS-700M | -30.72 | -28.91 | -30.74 |-30.12 1.05
Olympus WS-700M | -27.08 | -23.85 | -27.16 |-26.03 1.89
Olympus WS5-750M | -37.26 | -21.76 | -37.4 |-32.14 £.99

E‘;: Olympus W5-760M | -34.71 | -21.54 | -34.43 |-30.23 1.52
Olympus W5-802 | -34.03 | -22.76 | -33.34 [-30.04 6.32
Olympus W5-822 | -32.73 | -21.58 | -32.4 [-28.90 b.34
Olympus W5-823 | -33.32 | -21.89 | -33.32 |-29.51 6.60

Philips Voice Tracer| -33.85 | -33.56 | -33.44 |-33.62 0.21

MP3 Olympus W5-550M | -39.85 | -16.51 | -39.95 |-32.10| 13.50

Olympus W5-560M | -39.78 | -16.48 | -39.52 |-31.93| 13.38

WMA | Olympus DM-520 | -20.36 | -18.71 | -20.41 |-19.83 0.97




