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IN THE COURT OF COVMON PLEAS
FI FTEENTH JUDI CI AL G RCU T
STATE OF SQUTH CARCLI NA
COUNTY OF HORRY

JENNI FER SPI VEY FOLEY, as
Per sonal Representative of
The Estate of SCOIT RYAN
SPI VEY,

Plaintiff,
VS. Case Nunber
2024- CP- 26- 03798
CHARLES WELDON BOYD and
KENNETH W LLI AVS,

Def endant s.

VI DECRECORDED DEPGSI TI ON UPON ORAL EXAM NATI ON OF
ROBERT C. MAHER, PhD, PE

BE | T REMEMBERED, that the videorecorded
depositi on upon oral exam nati on of ROBERT C. MAHER,
PhD, PE, appearing at the instance of the plaintiff,
was taken at 608 Cobleigh Hall, Montana State
Uni versity, Bozenan, Montana, on Monday,

Sept enber 8th, 2025, beginning at the hour of 1:00
p. m, pursuant to the South Carolina Rules of Civil
Procedure, before Deborah L. Fabritz, Court Reporter
- Notary Public.
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APPEARANCES

ATTORNEY APPEARI NG ON BEHALF OF THE
PLAI NTI FF, JENNI FER SPI VEY FCOLEY, as Per sonal
Representati ve of the Estate of SCOIT RYAN
SPI VEY:

M. Mark B. Tinsley, Esq.

Goodi ng and Goodi ng, PA

265 Barnwel | Hi ghway

Al | endal e, SC 29810

and

ATTORNEY APPEARI NG ON BEHALF OF THE
DEFENDANT, CHARLES WELDON BOYD:

M. Kenneth R Mbdss, Esq.

Wight Wrley Pope Ekster & Moss, PLLC

200 S. Lew s Street

Tabor City, SC 28463

and

ATTORNEYS APPEARI NG ON BEHALF OF THE
DEFENDANT, KENNETH W LLI AVS:

M. M O Bryan Martin, Esq. and

M. L. Morgan Martin, Esqg. (via Zoom

Law O fices of L. Morgan Martin, PA

1121 Third Avenue

Conway, SC 29526
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M. Robert E. Lee, Esq. (via Zoom
Robert E. Lee, LLC

PO Box 1096

Marion, SC 29571

ALSO PRESENT:

Bri dger Arthun, videographer
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VWher eupon, the foll ow ng proceedi ngs were had
and testinony taken, to-wt:
ok ok * kK x

THE VI DEOCGRAPHER: This is the
vi deor ecorded and vi deoconf erenced deposition of
Robert C. Maher, PhD, PE, taken in the Court of
Common Pl eas, 15th Judicial Crcuit, State of South
Carolina, County of Horry. Case nunber
2024- CP- 26-03798. Jenni fer Spivey Fol ey, as personal
representative of the estate of Scott Ryan Spivey,
versus Charl es Wl don Boyd and Kenneth WIIlians.

Today i s Septenber 8th, 2025. The tine is
12:55 p.m Muntain tine. W are present with the
W tness at 608 Cobleigh Hall, Montana State
Uni versity, Bozenman, Montana 59717.

The court reporter is Deb Fabritz, and the
vi deo operator is Bridger Arthun of Fisher Court
Reporting. The deposition is being taken pursuant to
noti ce.

I would now ask the attorneys to identify
t hensel ves, who they represent, and whoever else is
present. For those attending renotely, please note
from where you are appeari ng.

MR TINSLEY: This is Mark Tinsley, and I

represent the plaintiff, the Spivey fanmly.
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MR MARTIN This is O Bryan Martin. I
represent the defendant, Kenneth Bradley WIIians.

MR MOSS: This is Kenneth Mbss. I
represent Charles WIIiam Boyd.

THE VI DEOCGRAPHER: Ckay.

MR LEE: Robert Lee. | represent with
M. Martin, the sane defendant.

THE VI DEOGRAPHER: W th that, the court
reporter will now adm ni ster the oath.

ROBERT C. MAHER, PhD, PE,
called as a witness, having been first duly sworn,
was examn ned and testified as foll ows:
EXAM NATI ON

BY MR Tl NSLEY:

Q Good afternoon, Dr. Maher.
A. Good aft ernoon.
Q Wuld you tell the court what it is that

you do for a |living?
A "' m enpl oyed as a professor of electrical
and conputer engi neering at Montana State University.
Q And how | ong have you been enpl oyed here?
A |'ve been at this university since 2002,
so I'"'mstarting ny 24th year.
Q And -- and for the jury's benefit or the

court's benefit, where are we today?
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A We're in Bozenman, Montana, on the canpus
of the university.

Q And tell us what that neans. Wat is it
t hat you teach?

A The field of electrical engineering is a
wel | - known specialty that deals with anything that
has electricity involved in it. So that could be
el ectrical power systens. Could be computers. Could
be nobil e phones. M particular specialty area is
audi o engi neering, which is using electronics to
record and process and i nterpret audio.

Q Okay. And if you could, give us a rundown
of your educational background begi nning with
col | ege.

A | went to coll ege as an under graduate at
Washi ngton University in St. Louis. G aduated there
with a bachelor's degree in electrical engineering in
1984. Then | pursued a naster's degree in electrical
engi neering fromthe University of Wsconsin-Madi son
in 1985 and then earned a PhD in el ectri cal
engi neering fromthe University of Illinois,

Ur bana- Chanpai gn in 1989.

Q Do you have any private or -- obviously

you're here today in a case in South Carolina. But

do you do private or consulting business work in this

Charles Fisher Court Reporting
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ar ea?

A Yes. Sol -- in addition to ny
responsibilities to the university, | also in ny
spare tine and weekends and eveni ngs do consulting
work in nmy areas of specialty.

Q You were asked by ne to anal yze a coupl e

of audio recordings. Correct?

A. That's correct.
Q And is that the kind of thing you do in --
not -- in your professional endeavors, not just in

t he educati onal perspective but also for third

parti es?
A Yes. So nmy consulting practice, which is
the auspices for -- under which I'm here today, deals

wth interpreting audi o forensic analysis of audio
recordi ngs and vi deos and ot her evi dence of that
type. | also teach this subject in the university.
So | have students who are studying the principles of
audi o engi neering, digital signal processing, and
basi c audi o forensic analysis. But |I'm appeari ng

here, doing this work that | do in ny private

practi ce.
Q And what is the nane of that practice?
A Sinply it's ny nane, just a sole

propri et orship.
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Q Okay. And obviously you're being paid for

your tine?

A Yes. That's --

Q How nmuch are you bei ng pai d?

A My agreenent is an hourly fee of $250 an
hour .

Q Ckay. Have you offered sort of expert

Wi tness consulting work in the past?

A Yes.

Q Have you been qualified as an expert in --
in court matters?

A Yes. |*ve had courtroomtesti nony and
deposi ti ons conducted i n several states.

Q And in what area of expertise were you
qualified as an expert to give expert opinion?

A I n audi o forensic anal ysi s.

Q Have you -- and is that the area or the

field of study in which you intend to offer opinions

t oday?
A. Yes, it is.
Q Okay. And have you witten -- | know

M. Mbss has got a stack of your papers, but so have
you witten any materials that are peer-revi ewed
materials on this subject?

A Yes. As part of ny professional career

Charles Fisher Court Reporting
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for 30 or 40 years now, |'ve published papers, which
means scholarly works that are revi ewed by peer
scientists and then published in journals, nmeaning
that they're read by people wth siml ar background
and i nterests.

| al so give presentations at professional
meet i ngs. |'ve been invited to do that for a variety
of organi zations as well as subm tted publications
for that purpose, and | have witten a textbook about
audi o forensic analysis that has been published and

reviewed for this particular area of ny experti se.

Q When was that first published?
A The date? 2018.
Q And are you a nenber of any of those

pr of essi onal societies or organi zati ons that you
ref erenced maybe you have witten sone of these
papers for?

A Yes. I'"'ma nenber of |IEEE, which is the

el ectrical engineering international professional

organi zation. |I'ma fellow of the Audi o Engi neering
Society, which is a specialty field of -- of audio
engi neers. |'ma nenber of the Acoustical Society of

Anerica and the Anerican Acadeny of Forensic Science
and al so the Anerican -- the engi neering educati on,

Aneri can Soci ety for Engi neering Educati on, ASEE.

11
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Sorry.
Q And -- and you're a |icensed professiona
engi neer in the state of Mntana?
A Yes. I have a professional engineer's
license in this state.
Q How | ong have you held that?
A | could | ook up the exact date. | think
it's since 2007, 2008, sonething |like that.
Q Ckay.
MR TINSLEY: At this tine | would offer
Dr. Maher as an expert in the area of audio digital
signal processing and audi o forensics.
THE W TNESS: Ckay.
BY MR Tl NSLEY:
Q Okay. So you touched on it already that
you were sent sone recordings by ne. Can you tell us

what you received? Let's just start with what you

have.

A Yes. So ny recollection is you contacted
me via e-nail, and you provided three audio
recordings. So these were in -- in digital form and

I have a report that describes the details of those
if you would like nme to refer to the exact file nanes
and so forth.

Q So -- and if nobody has any objection, we

12
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can -- let's -- let's identify them from your report
so that we're all on the sane page.

There is -- there are three -- on page 3
of your report, there are three recordi ngs noted.
The first one is a long -- starts with O underscore
P.

kay. And that is -- that is the 911 --
you refer to that as the 911 call center recording.
Is that fair?

A Yes. M interpretation of that recording
was it appears to be a recording made at the 911
energency di spatch center. So it seens to be on the
site of the 911 operator. And then we can hear
voi ces on a tel ephone channel.

Q Okay. The next one, at | east that you
have got there, it's the file that begins wth 911
underscore 1, and -- and that is what you refer to in
your report as the nobile phone recording of that 911
cal l. Is that correct?

A Yes. M interpretation was that was a
recording made at the calling end of the
conversation, and it has utterances that appear to be
in a vehicle and al so the voice of the 911
di spat cher.

Q And for purposes of your analysis that

13
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we're going to talk about, | think | represented to
you that that was a recordi ng made by Wl don Boyd's
phone. Did you assune that to be true?

A That was ny assunption that this was a
recording that was made at the tine of the incident.
Q Then the third recording is sonething
ref erenced new recording, which is a portion of the
nmobi | e phone recordi ng but sl owed down. D d you use

that at all?
A | listened to it just out of curiosity,

but because you had inforned nme that that was a

processed recordi ng that you had obtai ned, | did not
refer to that recording in what | -- in the work I
di d.

Q Ckay. Hel p us understand your rationale

in why you weren't interested in that recording?
A Well, the principles of forensic audio
anal ysis would be to rely totally on the audio
information that's presented fromthe actual scene.
G her information about the incident and nodified
audio may be interesting, but | avoid that because

that mght tend to bias ny thinking or give ne an

i ndi cati on of sone particul ar aspect of the recording

that I would not have conme to on ny own using the

princi pl es of audi o forensic anal ysi s.

14
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Q Okay. And did the new recording, the
portion that was altered, did it affect your

deci si ons, opinions, conclusions that you're going to

gi ve us?

A No. I did not rely on that at all

Q All right. The 911 call, this is fromthe
call center call. Are there certain limtations in

terns of the way those recordi ngs are made as far as
what is captured in the recordi ng?

A Yes. So the 911 call center, because they
have lots and | ots of recordings to nake, they --
they generally tend to use a rel atively narrow band
wi dth, neaning the quality of the recording is
sufficient for speech intelligibility, but generally
they don't make it high fidelity.

So, for instance, that recordi ng was
sanpl ed at 8,000 digital sanples per second, which is
adequate for voice comunication, but it would be
much | ower than a high fidelity recordi ng that m ght
be at 44,100 sanpl es per second. That would be |ike
a conpact disc quality or 48,000 sanpl es per second.
So it's only 8,000 sanples per second. So it is
sonewhat | ower quality. | found the speech to be
very intelligible in that recording, so there didn't

seemto be alimtation.

15
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The other aspect of the limtation is that
the 911 call center is comunicating with a caller
over the tel ephone network. And the digital
t el ephone network |like froma cell phone -- nodern
cell phone uses a speech encoding algorithmin the
phone. So in other words --

Q So -- yeah. ' msorry. Wat does that
mean?

A So that neans that the phone is trying to
extract information that is useful to interpret
speech. So the speech sounds that we have, the vowel
sounds, the fricatives and so forth are trying to be
conveyed. So generally, that tel ephone channel has
difficulty if sounds are presented that are not
speech-11i ke. So if there is a bang or a --

Q Qunshot ?

A -- or a gunshot, for instance, typically
t he speech encodi ng al gorithm does not recogni ze
t hose sounds as being speech, and so they're often

not included in the informati on conveyed to the call

center.

Q Okay. Now, in your report you outline, --
and ' mgoing to call themlimtations. |If you don't
li ke that word, we can -- you can use sonething el se.

In terns of the cell phone recording, were there
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certain limtations in -- in terns of how cell phones
record, what format that file is in in terns of

anal yzing the audio of that call?

A So the cell phone recording that was
provided here is a -- a wi der band recordi ng, and by
that, | nean it has nore sanples -- digital sanpl es,

per second. So the call center recording | nmentioned
was 8, 000 sanpl es per second. The recording of the
nmobi | e phone was done at 44, 100 sanpl es per second,
so we have a --

Q Cl oser to your conpact di sc exanpl e?

A Correct. However, the nobil e phone
recording is encoded in what's known as MP3, MP3,
Which is MPEG 1, layer 3, which is a particul ar
perceptual encoding algorithmthat is pretty connonly
used i n audi o recording.

What it does is it tries -- the algorithm
-- the software that is perform ng that encodi ng
tries to determ ne what sounds in the recordi ng woul d
be perceived by a hunman |listener and tries to
mai ntain those. And other parts of the recordi ng
t hat woul dn't be perceived by a human listener, it
| eaves out. So we end up with a recording that to a
human |istener will sound very nuch |ike the original

recordi ng, but we have to be concerned in the

17
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forensic anal ysis because it -- it has a data
reduction that has taken place during that process.

Q And -- and what does that nean?

A It nmeans that instead of having every
single detail of the audio waveform that was
presented to the m crophone of the recordi ng device,
sone of the information will be -- wll be left out
or will be distorted slightly. But the purpose of
the algorithmis to do that in such a way that we can
have smaller digital files. W don't need to store
as nmany digital bits but still have it sound to a

human |i stener the sane as the original.

Q And froma nore dunb down, which is the
only way in which I understand it, is the distortion
or -- or that limtation a function of the

I nformati on overl oadi ng the speaker, or is that a
different issue?

A It has to do with the way the human
heari ng system wor ks and how human percepti on works.
There's a phenonenon known as naski ng, and that
techni cal term nmaski ng neans that when we listen to a
conplicated sound -- let's say it was a nusi cal piece
with lots of different instrunents playing -- our ear
and brain are only able to detect a certain | evel of

the information that is being presented. And so sone

18
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of the noisy portions of the signal or sone of the
portions of the spectrum the frequency range that
are relatively quiet, a human may not be able to
per cei ve those.

So the -- the perceptional encodi ng
algorithmis intended to try to mmc the way a hunan
woul d hear the sound and only encode the portions
that are of interest. So a -- a typical CD quality
recordi ng would have over a mllion bits of
i nformati on per second in that storage. An MP3 file
typically would maybe only be 100, 000 bits per
second. So it nay be conpressed by a factor of -- of
ten or sonething like that.

Q Okay. Utimately, does that [imtation
affect the opinions you' re going to give us or your
conclusions that you're going to give us today?

A In the case of the -- the timng
information and in the case of the interpretation of
the intelligibility of the sound, it really doesn't
have any -- any i npact.

Q Okay. And now, the two recordi ngs, your
-- your report indicates the 911 call center is 10
m nutes, 17.28 seconds. D d you listen to all of it?

A Yes.

Q And t he nobil e phone recordi ng you

19
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i ndicate was 8 m nutes, 22.804 seconds. Did you
listen to all of it?

A. | did.

Q Were you given any direction in terns of
what portions of those ten-m nute and ei ght-m nute
calls to focus on?

A. Yes. So after | had received the files
fromyou and did an initial interpretation and then
spoke with you about -- | believe on the phone about
what your needs would be and what | would be able to

interpret fromthese recordi ngs, then you asked ne

two specific forensic questions that -- that | could
addr ess.

Q All right. And -- and if you will, let's
tal k about the two questions that -- that you

addr essed.

A. So I've listed them here on the report on
page 6.

Q "Il tell you what, just for the record,
we'll mark your report as Exhibit --

THE REPORTER: 1.

MR Tl NSLEY: | know it's going to get
confusing. I'mgoing to mark it as the |l ast exhibit
for the record, and then -- so when we get to the
end, once |'ve nmarked the figures and -- and things,
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I'll nmark that as the | ast exhibit.

BY MR TI NSLEY:

Q But go ahead. " msorry.
A So the -- the two questions | have -- |
have |isted here in the report and -- would you |ike

me to read themor --

Q Yeah. I nmean, you can just -- the first,
I had asked -- | had asked you whet her you could
di scern or tell whether there were gunshots prior to
what we refer to as the first audi ble gunshot in the
recordi ng.

A Yeah. So both of the questions pertain to
what | refer to as the nobil e phone recordi ng, so
this was the MP3 file that appeared to be recorded
during the incident fromthe -- the vehicle that was
I nvol ved, where the call cane from

Q Al right.

A And the first question had to do with
whet her there were any gunshots audi ble in that
recording prior to the first obvious gunshot at 3
m nut es, 33 seconds, FET or file elapse tine. So
fromthe beginning of that recording at 3 m nutes and
33 seconds, there is what | consider to be a very
obvi ous first gunshot.

And so your question was whet her there
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were any gunshots audible in the recording prior to
that tine.

Q Okay. And so tell us what you did to
anal yze the audio to cone to a concl usi on?

A So the -- the principles of forensic audio
anal ysis involve three general steps. The first step
| refer to as critical listening, and that is just
l'i ke it sounds. It neans wi thout any distractions,
sinply listening with ny ears very carefully to the
recording. And that often involves several different

passes through the recording, one tine typically

listening for the -- the obvious -- what | would call
f oreground sounds, |i ke speech utterances or | oud
sounds. Anot her pass through, listening very

carefully for what you m ght call background sounds.
So these woul d be sounds that would be not the main
conversation but in the background. So that's the
first thing, is critical |istening.

The second step is referred to as waveform
analysis. And what this nmeans is using a software
tool to visually to | ook at the waveform of the
recording. And by waveform | nean when the
acoustical pressure of sounds reaches the m crophone,
the m crophone creates an electrical signal that is

an anal og signal that is an analogy to the pressure
22

Charles Fisher Court Reporting
442 East Mendenhall, Bozeman MT 59715, (406) 587-9016

86.€09¢dI¥20Z#3SVD - SY3T1d NOININOD - AHHOH - INd ¥7¢:€ L uerl 9¢0¢ - d311d AT1VIINOHLDO3 13



© 00 N o o b~ w N P

[ = S S T
w N Bk O

14
15
16
17
18
19
20
21
22
23
24
25

Robert C. Maher, PhD, PE

di sturbance in the air of the sound. And so that
produces a graph. So it has an anplitude of Y axis
and then tinme on the horizontal axis. And by
visually | ooking at that waveform that provides a
way of detecting when there are changes in the
signal, how |l oud different sounds are proportionally,
and other netrics like that.

And then the third technique required in
audio forensic analysis is referred to as
spectrographic analysis, and that's | ooking at the --
the spectrum-- the frequency spectrum of the audio
information. And the spectrogramis a special graph
t hat has frequency on the vertical axis, or the Y
axis, tine on the horizontal axis, and then uses
typically color or intensity of the brightness of the
pi xels to indicate the anount of sound energy at a
parti cul ar frequency at a particular point in tine.

So the spectrogramis a well-known
technique in electrical engineering that uses the
short tinme fourier transformto display the frequency
content of the signal.

Q So I"'mgoing to mark as Plaintiff's

Exhibit 1 the Figure 1 fromyour report and ask you
-- you just explained to us about the waveform

anal ysis and the spectrographi c anal ysi s.
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(Wher eupon, Exhibit 1 was

mar ked for identification.)
BY MR, Tl NSLEY:

Q And does that denonstrate or illustrate
what you were tal king about?

A Yes. So Figure 1 has two of these
representations together, the --

Q WIl it be useful for you to point to the
figure?

A Sur e.

Q Let me -- let us get the canera fixed
ri ght here.

A Am | okay standi ng here?

Q Yes, sir.

MR. TINSLEY: Could you just zoomin just
a sm dge?
BY MR. Tl NSLEY:

Q Ckay.

A Okay. So this is Figure 1 fromthe
report. The upper portion of this picture that is
white indication on a dark background, that's what
I"'mreferring to as the waveform analysis. So tine

is running along here. This is roughly 30 seconds or

so fromtime 3:33 to 3:58 across horizontally.

the vertical dinension of the waveformplot is

And
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I ndi cati ng how | oud or how significant that sound
energy was at that particular point in tine. So this
particul ar span has audi bl e gunshots in it, and those

can be seen as these vertical inpulsive indications

in -- in the recordi ng.

Q So -- so ultimately -- and we're going to
tal k about the -- we've said audible clearly,
di scerni bl e. Is it your opinion that all of these
gunshots were fired within -- assunm ng the cell phone
is within WIlliam Boyd's vehicle, within that
vehicle, the ones that you have here illustrated in
Fi gure 17?

A Yes. So, again, based on the critical

listening, so listening to this very carefully, based
on the waveform anal ysi s observing the occurrence of
t hese i npul sive indications that correspond to those
| oud reports, and then also the |ower portion of this
figure which is the spectrogramthat | nentioned,
which is show ng | ow frequencies to high frequencies
vertically. And then horizontally it's the sane tine
span as the waveform

What we can see is when we have a very
i mpul si ve or sudden onset of a signal in the
wavef orm that corresponds to a vertical bright

i ndication in the spectrogram because an abr upt
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sound |li ke that has energy at all different
frequencies but it's very short in tine. So we get a
vertical indication in the -- in the spectrogram
So your question about these 29 inpul sive

sounds |'ve attributed to the gunshots in this, al
of them have very simlar anplitude. They sound very
simlar, and the spectrographi c anal ysis of each of
themis very simlar. And so ny assunption was al
of those 29 sounds woul d have been fromfirearnms in
t he vehicl e where the recordi ng was nade.

Q When you say simlar anplitude, does that
-- does that relate sonehow to vol une?

A Yes. So when | say anplitude, | nean the
I ndi cati on of the sound pressure. So that woul d be

t he | oudness - -

Q Ckay.

A. -- of the sound.

Q Okay. And -- and ultinately, you identify
in the entire gunshot sequence, if -- another phrase,

but 29 clearly discerni ble gunshots?

A Yes. So in this figure | manually added
arrows and nunbers. | added t hese by hand, the
i ndi cati ons of where | hear and see in the different
segnents that there is an inpul sive sound that |I'm

attributing to the gunshots. And if | count all
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those up in this span from3:33 to 3:58, | count 29
of those.
Q Ckay. If you want to sit back down.

So |l et ne ask you sone questions just in
ternms of the way that the energy or the gunshots
woul d be recorded. So if we assune a gun is fired
froma static position, it's not really changed in
orientation as it relates to the m crophone, would
you expect to see simlar wavefornms and spectrograns
of those shots with one gun? Does that nake sense?

A I think so. So yes. If there is a single
firearmw th sane amuniti on | oaded and not -- no
particul ar change in the acoustical surroundi ngs,
whi ch woul d nmean the gun was pointed in the sane
direction, the m crophone was not novi ng or changi ng,
there are no other changes |like that, then from one
shot to the next, there will be sone differences.

You know, the exact anmount of gun powder in the

casing and the -- the casings crinp strength and a
variety of things, there will sonebody differences
between that. But all in all, we would expect that

the sound would be very simlar in anplitude that I
menti oned and spectrumand listening to it with
critical |istening.

Q And if we had -- let's say we had two guns
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that were substantially the sane, | nean, you know,
maybe they're different colors. Maybe they're
slightly different ammunition but the sane cali ber.

If they were substantially the sane as we coul d get
to go -- sol'"'mjust -- this is hypothetically -- and
they are different distances fromthe m crophone,
woul d you expect to see different waveforns and
spectrographi c analysis or spectrograns in terns of
how t hose sounds woul d be captured?

A The -- the general answer woul d be -- they
woul d be simlar in anplitude because the paraneters
are simlar, but if they're in different |ocations, I
woul d expect there woul d be sonme di scernible

di fference between the report of those different

firearmns.
Q Let nme ask it a different way. So if --
if we have -- let's say we just have a cell phone,

for instance, and it's on the console and | shoot
strai ght ahead through the driver's w ndshield, and
then | turn 90 degrees and | shoot out the w ndow.
Wuld -- would those be recorded the sane or would
t hey appear differently?

A I -- 1 would expect there would be a
di fference discernible in that circunstance. The

sound enmanating fromthe barrel of the gun is
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di rectional. So it matters what direction the gun is
poi nti ng. It's not so directional that we would
expect there to be a huge difference, but there is --
there would possibly be a difference in that

si tuati on.

MR MOSS: Could you tell us what that
sound is?

THE W TNESS: | don't hear anyt hing. I'"m
ki ddi ng. They're obvi ously doi ng sone work on the
bui | di ng. "' m sorry about that.

BY MR Tl NSLEY:
Q Yeah. That's okay. Timng was -- is
i npeccable. Al right. So --

MR. Tl NSLEY: How wel | can you hear hinf

THE VI DEOCGRAPHER: It's | oud. You can
really hear that. Should |I go off for a second?

MR, Tl NSLEY: Yeah. Let's go off for a
second.

THE VI DEOCGRAPHER: We'll go off the
record. The tinme is 1:26 p.m Mountain tine.

(Wher eupon, a break was then
t aken.)

THE VI DEOGRAPHER: We are back on the

record. The tinme is 1:28 p.m

BY MR TI NSLEY:
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Q Al right. So, Doctor, we've got sone
construction going on that we're probably not going
to be able to avoid, so we'll try to talk | oud maybe

alittle quicker. | have marked as -- as Exhibit 2

Figure 2 to your report.
(Wher eupon, Exhibit 2 was
mar ked for identification.)
BY MR Tl NSLEY:

Q So the first step that you nentioned to us
in ternmse of the way that you woul d conduct this
anal ysis was the critical listening. Does Figure 2
illustrate sone of the things that you noted when you
were performng that step?

A Yes. So the figure has indications that |
added of ny interpretation of -- of the utterances
during this segnent prior to the first obvious
audi bl e gunshot. So this section that's shown in the
figure is fromabout 3 m nutes, 19 seconds to 3
m nutes, 34 seconds, where the first audi bl e gunshot
was at about 3:33.9, | think. So that's visible over
on the far right of this figure is where that first
clearly audi ble gunshot is. And so this is the
segnent of, you know, 15 seconds or so prior to that
first audi bl e gunshot.

Q And so just so the court understands, what
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Is represented as the first audi bl e gunshot in

Exhibit 2 corresponds with what you've identified as

nunber one gunshot in Exhibit 17

A That's right, yes.

Q And -- and -- and this is the area where
you primarily focus to see if there was a gunshot
before the first audi bl e gunshot ?

A Yes. So in the body of the forensic
questi on was whet her there are any gunshots audi bl e
in the nobil e phone recording prior to that first
obvi ous gunshot. So this is an exanple of a portion
of the recording just prior to that first obvious
shot .

Q Okay. And are there any indications to a
reasonabl e degree of engineering certainty of a
gunshot wthin the section of the audi o recording

that's illustrated here in Exhibit 27?

A No. So a conbi nation of the critical
listening | nentioned, |ooking at the waveform
anal ysis here and al so the spectrogram | -- | did
not find any evidence that there was a gunshot prior
to that first audi ble gunshot in the sequence.

Q When you consulted in other cases, | nean,
are those generally crimnal cases?

A Oten, yes. Uh-huh.
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Q And what sorts of issues are you
addressing in those kinds of cases, the ones you' ve
testified in or given opinions in?

A Well, the work that |'ve been doing for
the last 10 or 15 years has often focused on gunshot
sounds, and so that's a particular area that there
may be a question of who shot first if there's an
exchange or apparent exchange of gunfire. There
m ght be a question about the timng or how | ong the
ti me el apsed between one event or maybe one utterance
and sonme ot her portion of that signal. And
occasionally there's a question about if there are

mul ti ple shots, what is the likely firearmtype or

characteristic of -- of the gun.
Q Okay. And when you're perform ng the
critical listening, | nean, you' re paying attention

-- or are you also paying attention to what the
peopl e recordi ng are sayi ng or doi ng?

A Yes. Although that wasn't brought up as a
part of the audio forensic question, it was hel pful
to ne to do that to understand and be able to talk
about where or when or what order in which different
t hi ngs happened.

Q And then in Exhibit 2 you actually typed

in sone of the words that you discern fromthe audio
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recordi ng. Correct?

A Yes. This is ny subjective interpretation

of what was stated as a reference at the different
points in that recording.
Q And what you have -- | nean, you -- you

can hear Wl don Boyd identify hinself at the

begi nning of the recording, but as far as identifying

Bradley WIllians, did you assune that there were two
speakers on that or two people in that car; one was
Wl don Boyd and one was Bradley WIIlians?

A Yes. And I'm-- there's no way | knew

that fromthe recording itself, so | believe you told

ne the nanes or sonehow referred to the -- the two
parties that were believed to be in the recording,

and that's the information |'ve used here.

Q But as far as specific -- like this dude's
got a gun, | didn't tell you that's Wl don Boyd or,
hey, back up, Wl don. | didn't -- | nean, we didn't

have that kind of conversation.

A | don't recall we ever tal ked that way.

Q Does -- what you have indicated in Exhibit
2 in terns of what you have attri buted each of the
def endant s sayi ng, does that fairly and accurately
depi ct what you heard them say in those recordings?

A Yes. Again, that's ny subjective
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Interpretation, so --

Q And is there any indication in this
section of the audio recording that the cell phone
changes its |location, neaning that it goes from --
from sonebody's ear to the floorboard or that it
seens to have noved in any way?

A | think probably what you're asking is
t here sone acoustical change that occurred during

this interval.

Q well, if --
A Because | don't know exactly how this
recordi ng was nade. | don't knowif it was a

m crophone in the phone or if it was a separate
m cr ophone of sone kind or, you know, a headset. I
don't know precisely what type of device nade this
recordi ng. But to answer your question, no. | don't
see any change in the acoustical aspect here that
woul d indicate to ne that there had been a change in
position of the m crophone.

Q Yeah. So in ny earlier exanple | asked
you if there was a change in the position of the

orientation of the gun to the m crophone you woul d

expect to see sonething like that, but if we nove the

m crophone, it would achi eve the sane thing.

Correct?
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A Yes. Yes. You would expect there would
be sone indication in the recording that the
m cr ophone position had changed.

Q And if the phone were, say, a nornal
tal king position to bei ng suddenly dropped on the
floor, in the seat, dropped anywhere, woul d you
expect there to be sone indication either in the
wavef orm or the spectrogrant

A Yes. I woul d expect that that woul d be
noti ceable in the recording.

Q And to a reasonabl e degree of engi neeri ng
certainty, is that indicated |like a cell phone being
dropped, for instance -- that was a | ot | ouder than
maybe it would have been. But is there any
I ndi cation of that?

A. No. | did not conme to that concl usion
about any ot her recording.

Q Ckay. Utinmately, you have sone opi nions
about the 29 audi ble shots, do you not, in terns of
nost probably whi ch weapon fired or how many weapons
were firing those shots?

A Yes. Again, based on the forensic
questions that you asked ne, one was this whether
there were sounds of gunshots prior to the first

obvi ous audi bl e gunshot, and ny concl usi on was |
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couldn't detect any in that tine interval in the
recor di ng.

And the second question you asked ne woul d
be whet her there would be gunshots referred to in the
background that could be from outside the cabin of
the vehicle in which the nobil e phone recordi ng was
made.

So as | was addressing that, | was trying
to interpret whether the 29 clearly audi ble shots, if
there were any differences or any changes or any
significant effects that would |l ead ne to the
concl usi on that those cane from outside the cabin of
t he vehicle where the recording was nade. And so to
answer your question, no. | did not find any
I ndi cation that any of those 29 shots were from a
| ocati on other than inside the vehicle.

Q All right. Utimtely, you not only
record the anplitude of the shots. W -- we know

where they are in relation to the entire recording,

and each ot her. Fair?
A Yes.
Q All right. And did you form any opi nions

as it related to which or how many weapons had fired
the vari ous 29 shots?

A The result that | had and that | give in
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my report is that the first 17 shots -- first 17
shots -- audible shots in the recording are
sufficiently simlar in anplitude, in ny critical
listening, and in the spectrographic analysis and the
pacing that | would cone to the conclusion that all

17 of those shots likely cane froma single firearm

Q Al right.
A The only questi on was bet ween shot seven
and eight in the -- the sequence. The tine

di f ference between seven and eight is so short that
that is irregular. That didn't seemto be likely to
have been a single sem autonati c gun nmaki ng those two
sounds so cl ose together.

Q Al'l right. If we can, | would |ike for
you to sort of briefly walk us through the -- the --
your conpari son of the anplitude of the 17 shots and
then tal k about the waveform anal ysis of why you've
cone to the conclusion that those first 17 shots are

nost probably fromthe sane weapon.

A Wul d you like ne to start with this
figure?
Q Yeah. For the record, I'"'mgoing to nmark

that as Plaintiff's Exhibit Nunber 3, which is Figure
3 fromyour -- your report.

(Wher eupon, Exhibit 3 was
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mar ked for identification.)

THE WTNESS: So this figure horizontally
Is showng tine, mnutes and seconds, horizontally
here. The vertical scale on this is the anplitude or
the -- how | oud the sound was, and |'ve indicated
w th nunbers the sane sequence that was applied to
the earlier figures. So this 1 through 17 is the
sane 1 through 17 that woul d have been on --
BY MR TI NSLEY:

Q Exhi bit 17?
A -- the Figure 1. That's right.

The di fference of what we're | ooki ng at
here than what the prior plots were is that this is
| ooking at -- at what is referred to as the anplitude
envel ope, and RMS i s an abbreviation for root nean
square, which neans we take the original waveform we
mat hematically square it, so we nultiple each sanple
tines itself, which gives us a squared and purely
positive result. W take the nean or the average
over a short interval, and then we take the square
root of the result.

So this is a mathenmati cal conputati on.
It's not a -- sonmething | invented. This is a
standard way to | ook at this type of a waveformto

get the -- the conmparison. So we end up with --
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i nstead of the pressure fluctuation which is very
rapid during this interval, we're | ooking kind of at
the overall envelope or the -- the sound | evel during
this interval.

So each of these spike-like features woul d
correspond to the bang sound or the nuzzle blast of a
-- of the firearm So we can see thempretty easily
here. They vary a little bit in anplitude. They're
not all exactly the sanme, but they're largely in very
much the sane real mover this interval.

Hori zontally we can neasure the tim ng or
the tine interval between each of the -- each of the
reports. And as | nentioned, the one that was --
that | can't really explain is between seven and
eight that |1've identified here. These occurred
very, very close together in tine.

And ny experience with pulling a trigger
of a sem automatic gun would be | don't think it's

possible to give two pulls and have a nechani cal

mechani sm produce those two so cl ose together. So |
don't have an expl anation for that. | -- 1 guess
it's possible one of the -- just conjecture.

Q Sur e.

A. One of the sounds could be a bull et

i npacti ng, you know, the front of the car, or it
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could be a -- sone kind of msfire fromthat gun, or
it could be a second firearmtook that shot right
about the sane tine as this one. | don't have a good
way of know ng whi ch was whi ch.

Q Wth the variance in the anplitude -- we
can go and | ook at the wi ndshield and there are
various bullet holes. They're not -- so the firearm
is not conpletely static. Can that explain part of
the variance that we're seeing there?

A. Yes. | have done research on -- for a
gi ven box of ammunition how much variability there

m ght be from one cartridge to another, for instance.

And as you nentioned, it's -- the trajectory is
varyi ng. So these are -- are not unexpected within
the circunstances that | understand for this

recordi ng bei ng nade.
Q And -- and to your point about seven and
eight -- shots seven and ei ght and not being able to

-- to say precisely or exactly, the way engi neers

like to -- to be, but it's your opinion nore probable
t han not based on the analysis -- and we're going to
get to the waveform next -- that those first 17 nost

probably canme fromthe sane weapon?
A Yes. There's nothing about these with

this caveat about seven and eight that | can see
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clearly that | could attribute one or nore of these
sounds to a different firearm
Q Al right. And -- and would it be hel pful

to go to Exhibit 4, which is Figure 4 from your

report now?
(Wher eupon, Exhibit 4 was
mar ked for identification.)
BY MR Tl NSLEY:

Q So this is -- this is Figure 4, what we're
mar ki ng as Exhibit 4. Tell us what we're seeing
her e.

A So what | have done here is used the tine
waveform So this is the signal that was recorded
fromthe m crophone and then run through the
per ceptual coder, the MP3 coder, and then this is
bei ng reconstructed fromthat.

This undul ation that we're seeing here
corresponds to shot one that | identified, shot two,
shot three, and so forth. And there are 17 of these,
i ndi cating those 17 individual shots. So |I put them
here as what you might call a |lineup so we could
visually conpare what the waveforns | ook |Iike for
each of those audi bl e shots.

Q So -- and just so it's clear, if we -- if

we could go back -- and I'mnot saying -- | nmean, but
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If you go back and you |l ook at Exhibit 1, in the top

portion of that was the -- what you called the
pressure up and down and the -- the waveform This
Is a nore focused version of -- of each one of those
17 poi nts. Is that fair?

A Yes. So this, if you wll, is a zoom So
we're -- instead of |ooking at 30 seconds, we're now
down | ooking at a few hundred m |l li seconds.

Q Ckay.

A. A few thousandths of a second. So we've

zooned in on just what's happeni ng around the tine of
one of the shots. So all of these reports are in
that Figure 1. |It's just that we' ve zooned out so
all we see is alittle blip. So this is |ooking at
nore detail at each of those sounds.

Q And there on the | eft-hand col um towards

the bottom that's where you see two and then one

carri es over. Is that shots seven and ei ght?
A So one, two, three, four, five, six --
yes. So this is what | identified as shot seven, and

that's the start of shot eight, which then |I've
repeated the whole thing right here. So those are
t he seven and ei ght.

What | take fromthis is listening to

them I'"mnot with critical listening able to
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di sti ngui sh anyt hi ng about these shots that all ows ne

to -- to make a statenent that | think that's a
different firearm So these are simlar enough, and
you can see visually when we conpare themthat --
that to our eye, to our ear, and the spectrogram as
well, there's nothing really different about these
that would allow ne to say that's a different
firearm

Q And it's -- and it's possible that a
firearmcan fire that fast, but you called it a
msfire or -- or nmalfunction of the firearm

A So ny expertise is the acoustics, and so
sonebody who knows about the particular firearm
bel i eved to have made this sound m ght be able to
gi ve you a nechani cal --

Q Sur e.

A -- reason for that. That's -- that's

outside ny area of experti se.

Q kay. And -- and then -- | nean, at | east
in ny mnd it mkes sense to -- if we were going to
conpare -- and I know |I' m junmpi ng ahead. Are you
able to |l ook at the -- the waveformthat's expressed
anong those 17 -- and | think you just said it -- to

a reasonabl e degree of engineering certainty, it

appears these are all fromthe sane firearm sane
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general orientation, with the m crophone or the cell
phone, whatever it is, being in a fairly static
posi tion?

A Yes. So to critical listening, to ny
wavef or m observati ons, and then to the spectrographic
anal ysis, so using the techni ques of audi o forensics,
I don't have anything here that I'mable to
scientifically say would |l ead ne to a concl usion that
-- that these were different guns.

Q Okay. And -- and I'mgoing to -- I'm
going to just sort of spoiler alert. But -- but when
we | ook at the waveform for the next 12 shots, do you
have an opinion to a reasonabl e degree of engi neeri ng
certainty that the waveformthat's expressed in these
next shots cane froma different firearn?

A So using the simlar approach of critical
l'i stening, the waveform anal ysis, and the
spectrographi c analysis, after this 17 shots, there
are additional shots, 12 nore, up to 29, and those
ot her shots have distinguishing features that woul d
| ead ne to the conclusion that those likely cane from

a different firearm

Q Ckay.
A Do you want to | ook at those?
Q Sur e. I want to | ook at those. Tell ne
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t he best way to do that.

A Okay. So now I'mfromthe report show ng
Figure 7, and Figure 7 is for shots 18, 19, 20, and
so forth, after the first one. And so, again, |I'm
showi ng a |ineup of conparing the different waveforns
zooned in for each of those shots.

Listening to those shots, ny critical
listening indicated that they appear to be at a nore
rapi d cadence. By that | nmean the tine interval
bet ween the shots is faster than in the first shots,
and |'ve got a table also that shows the neasure of
timng information there. So that was one thing |
noti ced.

The other is these have a slightly
different sound quality to them And | ooking at the
wavef orns here, what | amnoticing is that the onset
of these shot sounds, there is sonething -- | guess |
mght call a W There's a waveform i ndi cati on that
has a particular distinctive shape that we can see in
t hese successi ve gunshot sounds.

Q And just for the record you're pointing at

shot 18 and 19 when you were indicating there.

Correct?
A. Yes.
Q Ckay.
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A And the details of those waveforns and to
nmy ear sounds different and | ooks different in the
wavef orm than the earlier shots that had been
identified 1 through 17.

Q Ckay.

A So that would indicate to ne that |I'm
di scerning sonething that's different about this
portion of the shots, and | think in -- the question
woul d be what mnmi ght account for these differences,
and there's a variety of things. It could be
different anmunition. It could be a different
firearm It could be the orientation entirely
changed for a gun.

Based on the circunstances and the ti m ng
here and the fact that these have this different
characteristic, ny sense was that these 12 shots were
froma different gun than fromthe first 17.

Q Okay. And -- and are sonmewhere between
the end of this first 17 and -- and sonewhere duri ng
this tine period, shots 18 through 29, do you al so
det ect rel oadi ng sounds?

A | think as | nentioned in the report, in
addition to the | oud obvi ous gunshots, there's a
vari ety of other background sounds that | cannot

identify for certain what they are.
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Q Okay. Ckay.

A But they coul d concei vably be spent
cartridge ejection or debris falling froma broken
w ndow. There's a variety of things that it could
be. But these were interpretation of the gunshot
sounds.

Q Fair enough. Why don't we tal k about that
now. You're welcone to have a seat.

A Okay. Wiich -- the --

Q So sort of the second question that
asked you. So the first question was to a reasonabl e
degree of engineering certainty in the field of audio
forensics anal ysis, were there audi bl e gunshots or
were there any gunshots prior to the first audi ble
gunshots, and you've told us what your opinion is on
t hat .

Then t he second one was whet her or not
there were any gunshots from outside the vehicle that
were captured by the m crophone. Now | ' ve changed it
fromthe way you represented it in your report, but
tell us whether you found things that could -- and
maybe if we nake certain assunptions, like if there
was, in fact, another weapon being fired, are you
able to find artifacts or graphical representations

of those noi ses or sounds?
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A. So the order in which | did this was

originally listening to the recordi ng, |ooking at the

wavef orns, | ooking at the spectrograns, and that's
how | identified the clearly audi ble gunshot sounds
in the recording, the 27 of themthat have been

mar ked. The - -

Q So while you're doing that, just for the
record --
A. | took 29 of them Excuse ne. The 29

t hat have been nmarked.
Q Okay. And just for the record I narked --
you referenced and | think you showed us Figure 7.
I"'mgoing to mark that as Exhibit 5. Told you
woul d get it nessed up.
(Wher eupon, Exhibit 5 was
mar ked for identification.)
MR, Tl NSLEY: And t hen --
MR MOSS: You marked 7 as 57
MR, TI NSLEY: Yes. " msorry. "' mj ust
going to skip all those tables, | think. And then
this Figure 8 is going to be Exhibit 6, which is
what's you' ve got. Sorry.
MR MOSS: I'msure I'll do the sane.
(Wher eupon, Exhibit 6 was

mar ked for identification.)
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BY MR Tl NSLEY:

Q " m sorry. | just wanted to cl ear that.
So | interrupted you. Tell us -- tell us what you
did wwth respect to trying to see whether or not the

m cr ophone recorded any ot her gunshots?

A So | think I nmentioned earlier that the
process of critical listening usually involves
several passes. By that | nean listening to the

recordi ng several tines, one of the tines

deli berately listening for the obvious -- what I
refer to as foreground sounds, which woul d incl ude
the utterances of the participants and very clearly
audi bl e gunshots, and then another |isten which is
trying to pay attention to the background sounds or
the subtl e maybe voi ces or other types of sounds that
woul d be not so promnent. And so it takes a little
bit of concentration to try to separate in ny mnd
what |'m heari ng as the background and what's the

f or egr ound.

And then | ooking at the waveform anal ysi s,
simlar type of thing would be -- would be done. So
when | originally listened to the recordi ng and
identified the clearly audi ble gunshots, | was not
li stening and did not cone to the concl usion that

there were any ot her gunshot sounds in the recording.
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Then when | got your second audio forensic
question, | went back through to try to see could
t here possi bly be any subtle sounds in the recording
that I m ght have mssed in the first pass that |
could say, well, these are -- are gunshots based on
the critical listening, the waveform anal ysis, and
t he spectrographic anal ysi s. Utimately, | was not
able to be confident that there were any ot her
audi bl e recordi ngs.

However, to address your question -- and
I've indicated in -- in Figure 8 here, there were
several sounds between the very | oud audi ble shots
t hat have a spectral characteristic, neaning
| ow-frequency energy and an i npul sive nature that I
can't identify as being inside the vehicle where the
shots were fired. And so that was ny response, which
Is there's a possibility that as |I've indicated here
wth the yellow arrows there were additional sounds
that m ght be attributed to gunshots from outside the
vehi cl e.

Q So if we assune that Scott Spivey fired
hi s weapon frominside of his vehicle somewhere
during this point in tinme of the entire exchange, do
you have an opinion -- because what | hear you sayi ng

is, is that | can't identify these points as gunshots
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in and of thenselves, but there are things here that

| also can't explain that could be gunshots. Fair?

A Yes. I think that's the correct way to
put it

Q Ckay.

A So I"mnot in a position to be able to say
-- you know, I don't -- | was not at the scene, |

don't know the circunstances. So from your

expl anati on, the other vehicle that was at the scene

was 30 or 40 yards away, | think was the description.
There was a statenent that -- that it's possible that
-- and nmaybe there's physical evidence that | would

not know fromthe acoustics that shots were fired
frominside that vehicle and so at that distance

I nside the vehicle to inside this vehicle, these
types of reports would not surprise ne as being the
sound of gunshots.

Q All right. And -- and just so -- so the
judge or whoever is looking at this is --
under st ands, what you're saying is you don't know
about the things other than what is captured on this
audi o, like for instance, that you can hear three
di fferent speakers. You -- you hear these 29 clearly
di scerni bl e shots. You hear other noises that are

captured. But you don't know whether or not Scott
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Spivey fired his weapon fromthis recording, but if
we assune he fired his weapon fromhis car, do you
have an opinion to a reasonabl e degree of certainty
that -- that these points that you ve noted in Figure

8, which is Exhibit 6, with the yellow arrows are

nost probably those gunshots?
A | don't know if | would say nost probably.
They coul d be accounted for as this distant firearm

i nside the cabin of another vehicle.

Q Okay. So assum ng -- assum ng that
t hi ngs - -
A So that would actually require information

I don't have.

Q Okay. But assum ng the information that
the -- that the weapon was fired that -- during that
period of tinme, those points would indicate -- could
I ndi cate those gunshots. s that --

A Yes.

Q All right. And the way that the gunshot

itself noves, if the gun were outside of the vehicle,
poi nted at the -- the m crophone, the cell phone,
woul d you expect the gunshot to be | ouder, of greater
anplitude than if it were inside the vehicle and
pointed in various different directions?

A Yes. Wth all of the hypothetical
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description you're describing to ne, yes. | woul d
expect that if the firearm was di scharged out in the
open versus inside a vehicle, that there would be a
di fference in the anplitude.

Q Okay. And then Exhibit 7, which is your

Figure 9, the spoken words that you've attributed to
Boyd and Wllians in -- in this Figure 9, which I'm
mar ki ng as Exhibit 7, do they fairly and accurately

depict what is captured on the recordi ng?

A Yes. So these transcriptions again are ny
subj ective interpretati on about what is being said at
those points. The identification of Boyd and
WIllians again is based on you telling ne who the

i ndi vidual s are believed to be. There's no way | can

know that fromthe -- the recording itself.
Q Sur e.
A But those are to the best of ny |istening

subj ectively what the utterances were.
(Wher eupon, Exhibit 7 was
mar ked for identification.)
BY MR Tl NSLEY:
Q Okay. And so in summary, do you have an
opinion to a reasonabl e degree of engi neering
certainty that there are no gunshots recorded by

either -- we really just tal ked about the -- the cell
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phone audi o, but by either the 911 recordi ng or the
cell phone recording prior to what we call the first
audi bl e shot, that nunber one shot?

A That's correct.

Q All right. And if we assune that Scott
Spivey fired his weapon at sone point, do you have an
opinion that nore likely than not those yell ow arrows

indicated in Exhibit 6, which is Figure 8, could be

expl ai ned by those gunshot s?

A Yes. That's the way |'ve described it.
Q And that woul d be your opinion?

A That's correct.

Q And if Scott Spivey's weapon were cl oser

to the cell phone, pointed at the cell phone, it
woul d be louder than if it were inside of his truck
or poi nted sone ot her direction?

A Yeah. So, again, fromny experience wth
firearns, that that would be the case. | don't know,
again, the specific firearms here or -- or the
ci rcunstances. But yes. I would expect if there
were a firearmcloser to the m crophone out in the
open, it would be louder than if it were being fired
frominside a vehicle.

Q Sure. But if -- if, say, Wl don Boyd -- |

mean, if Weldon Boyd's gun is pointed at the
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m cr ophone versus the opposite direction of the

m cr ophone, woul d one be recorded | ouder than the

other in terns of anplitude in the spectrogram or the

wavef or n?

A | woul d expect that, yes.
Q Ckay.
MR TINSLEY: All right. | think those

are all the questions | have for you. Thank you.

Oh, I'"'mgoing to mark -- can we mark that
copy there that you have?

THE W TNESS:  Sur e.

MR, Tl NSLEY: That will be Exhibit 8.

(Wher eupon, Exhibit 8 was
mar ked for identification.)

MR MARTI N: ' m going to have to go back
t hrough this and nake sure these are marked ri ght.

MR MOSS: Sure.

THE WTNESS: And what | have there is |
sinply took the report | e-mailed to you and printed
it out, so --

MR TINSLEY: | did, too, but I wote all
over mne. |I'lIl give it back to you while M. Moss
asks his questions.

THE WTNESS: So | -- | -- the intent is

this is identical to what you woul d have had al r eady.
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There's nothing -- nothing new here.
THE VI DEOGRAPHER: Shall we go off the
record?
MR MOSS: Yeah, let's do.
THE VI DEOGRAPHER: Ckay. We'Ill go off the
record. The tinme is 2:04 p.m Muntain tine.
(Wher eupon, a break was then
t aken.)
THE VI DEOGRAPHER: We are back on the
record. The tinme is 2:10 p.m Mountain tine.
EXAM NATI ON
BY MR MOSS:

Q Dr. Maher, is that right?

A Maher .

Q Maher . ' m Kenneth Moss, and | represent
Charl es Wl don Bailey -- Boyd in this case -- Charles

Wel don Boyd in this case. And | didn't get a chance
to take what we call a discovery deposition, so I'm
going to ask you a few questions, a little bit about
your background to try to understand nore about the
foundati on for the opinions you' ve expressed. But --
so I'"'mgoing to dive into sone of that.
But before | do, | want to make sure |

understand. You -- you kind of referred to this in

sone of your testinony. Your opinions are based
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solely on the acoustics of -- contained in the files
t hat you exam ned. Is that right?

A Yes.

Q OGkay. And you had a snall anount of

informati on given to you by Attorney Tinsley in the
e-mails, but primarily it was acousti cs. R ght ?

A That's correct.

Q And so you woul d agree with ne, would you
not, that your opinions would have to yield to any
physi cal evidence or credi ble eyewi tness testinony or
credi ble earwitness testinony that was actually at
the scene. R ght?

MR TINSLEY: Cbject to the form

THE WTNESS: The -- yes. So the
I nformati on beyond what |'m able to discern fromthe
recordings inforned by the basic circunstanti al
description of M. Tinsley, would be other evidence
that | don't have avail abl e.
BY MR MOSS:

Q Okay. And there will be sone exanpl es of
that that 1'lIl talk to you about in a mnute with
respect to your opinions.

So | believe the three files that you
testified about and identified by nane -- and we

actually had it up on the screen, your testinony in
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response to Attorney Tinsley's questions, were those

three files that were forwarded to you by Attorney

Ti nsl ey. Is that right?
A That's correct.
Q Okay. And did you exam ne any ot her

information relevant to the circunstances that bring
us here today besides those three fil es?

A. As | nentioned, | had sone communi cati on
with M. Tinsley via e-nmail and tel ephone but no
other files or evidentiary information, no
phot ographs, nothing |like that.

Q In one of those e-mails, Attorney Tinsley,
I think, suggested to you what sone eyew t ness
testi nony was, but you didn't actually hear that
eyewi tness testinony in the recording, did you?

A I was not asked to do any conparison |ike
that and | don't recall that.

Q Ckay. Do you recall that Attorney Tinsley
suggested to you what one eyew t ness sai d?

A. | don't renmenber that, no.

Q Okay. Wuld that have been part of your
anal ysis at all?

A. No.

Q Okay. And if you had listened to an

eyewi t ness testinony or recording or read an
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eyew tness report, you would have included that in
your report, would you not?

A Yes. If I was asked to interpret sone
ot her audi o evidence, that have would been in ny
report.

Q Well, | don't nean to ask interpret it.

But if you relied on it in any way in connection wth

your analysis, you would have said | relied on this.

R ght ?
A That's correct.
Q I n your report?
A Yes.
Q So earlier you were asked questions about

offering opinions wthin a reasonabl e degree of
certainty, and in one place | think it was said
reasonabl e degree of engineering certainty. I n one
pl ace you wote a reasonabl e degree of scientific
certainty. They are different terns. GCkay?

But do you have an understanding that --
that they're different neani ngs?

MR TINSLEY: (Cbject to the form

THE W TNESS: So not being an attorney, |
-- I"mnot contenplating that | was trying to use
different term nology for different neanings. So in

nmny mnd the statenent about reasonabl e degree of
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scientific certainty would be applicable to all of
the information in the report.
BY MR MOSS:

Q Well, and the reason | ask this question
Is it took ne a lot of years of doing this to figure
out, but everybody -- when they heard the words
"reasonabl e degree of certainty,"” whether it's
medi cal certainty or engineering certainty or
scientific certainty, that termdoesn't nean the sane
to everybody who hears it.

So | want to explore what your
under st andi ng of what that neans. Wat does it nean
to say sonething -- an opinion is within a reasonabl e
degree of scientific certainty, within your field?

A Yes. So wwthin ny field, the nornmal way
t hat di scourse about recordi ngs would be done in a
schol arly manner woul d i nvolve witing a paper and
then having it reviewed by peers, so not by people
off the street, but by people who also work in the
sane field. And so those people would have what you
m ght think of as an informed opini on about the
content of the paper or the infornation. And so in
that case, | would say that this concl usi on had been
peer revi ewed.

Now, in the case of the report | prepared
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in this case, |like nost reports like this, they're
confidential and there is no direct opportunity when
preparing the report to have that peer review being
done. So instead, what |'msaying is that using the
scientific principles that |I've been trained to use
and have denonstrated | know how to use and that |
teach ny students to use, |'musing those principles,
and that's where | cone to the conclusion that this
is to a reasonabl e degree of scientific certainty in
the field of audio forensic anal ysis.

Q | understood everything you said, and
appreciate it, but it's not exactly responsive to ny
question. Wat -- what -- what do you understand a
reasonabl e degree of scientific certainty to be in
the field of forensic analysis neans? Let's say if
you put it on a probability scale.

MR TINSLEY: (Cbject to form

THE WTNESS: So it neans that the
techni ques that were used in perform ng the anal ysis
and comng to the conclusions that are stated are
wel | defined, that they're established in the field.
O her peopl e besides ne use them |'m not using
proprietary nethods or anything. These are very well
known.

And so based on that conclusion, | wll
61
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have -- | would not say that it's necessarily beyond
a reasonabl e doubt if you're thinking of that I|evel
of certainty. But certainly I would say that |
consi der these to be at a higher standard than just
nore |ikely than not.
BY MR MOSS:

Q That's precisely what | was getting at.
And | woul d suggest to you that that's exactly a
nore-1i kel y-than-not standard by soneone who is

educated in the field. But you' ve not heard that

bef or e?

A That woul dn't be part of ny training as an
engi neer.

Q Okay. Now, you -- you've obviously have

witten a lot of articles, and |I've read many of

them You see |I've got a stack here on the table.

And they're quite inpressive, |I'll acknow edge that,
but what | read in a |l ot of those analysis was far
nore t horough than what | have seen in the report
her e.

In those labs, if you will, of scenarios

where you were anal yzi ng many of those things, you

had nore sophisticated equipnent. |Is that fair?
A You' re probably referring to the -- the
scientific experinments that 1've done on gunshot
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characteri zati on?

Q Correct. Correct.
A Yes.
Q VWhere you had -- you had very

sophi sti cated m crophones and sound pressure neters,
and you had themset up in a way to --

THE REPORTER: l"msorry. Sophisticated
m cr ophones and sound pressure --

MR, MOSS: Sound pressure gauges.

THE REPORTER: Gauges. " msorry.
BY MR MOSS:

Q -- so you could set themup in varying

asnet is fromyour nuzzle of a gun that was bei ng
shot, and you could determne a | ot of engineering

informati on from that sophisticated recording

equi pnent . Is that right?

A Yes.

Q And you couldn't do that kind of anal ysis
in our fact pattern. Wuld that -- is that fair?

A Correct.

Q You didn't have the tools to do it with.
I nmean, you didn't have the -- we're over 2,000 mles

away of an incident that happened on Septenber of
2023 that you didn't witness or see, and you haven't

tal ked to any witnesses. So you're limted in what
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you could look at. Right?
MR TINSLEY: (Cbject to the form
BY MR MOSS:
Q Is that right?

A Yes. As | explained, | received the

recordings and a little bit of background

information, but certainly it's not a scientific --

what you mi ght call | aboratory experinment, although

we do that outdoors like you read in the papers.

Q So obvi ously acoustical engineering is a

pretty recogni zed field internationally. You've

witten papers that are published in international

journals, and you have witten sone papers about

gunshots in international journals. Ri ght ?

A. Yes.

Q But what | couldn't find, Doctor, was any

publ i shed standards for the world of anal yzing

gunshots by an acoustical engineer. And are you

aware of any | EEE standards or any perhaps ASTM

standards or other professional society standards

t hat have been adopted for how to go about anal yzi ng

gunshot sounds?

A ' m not aware of any standards of that

char acter.

Q Well, with any engi neeri ng probl ens,

t here
64
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are standards that have been adopted by vol unt eer

organi zations that professionals participate in, such

as | EEE or other engi neering societies. I s that
fair?

A Yes.

Q And -- and -- and that's because those
fields have been further devel oped. Is that right?

A Yes. Certainly that would be the reason,
yeah.

Q And if | were to suggest to you that based
upon all that | read, you seemto have been the

pi oneer in this field. Wuld you feel that would be
an appropri ate suggestion? | saw three or four nanes
t hat kept appeari ng.

A Yes. This is a -- an area that |
originally becane involved in and interested in
because | was not able to find published work. The
explanation | received at the tine was that nuch of
the work was -- had been done over the years by the
Depart nent of Defense or defense contractors and was
not published for that reason.

So that is where | sought funding fromthe
Nati onal Institute of Justice, U S. Departnent of
Justice, to start performng the scientific work

that's reported in these papers. And so they funded
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that work. And so in that sense, naking avail abl e

the scientific work we' ve done, | guess that would be

-- you could consider that pioneering, at |east as
far as the open literature goes.
Q That's the best word | could cone up wth.

But, again, there are no standards. Wat about for

the | aboratory anal ysis or equipnent? Do you have to

have -- well, let ne rephrase that.
For sone of your work in acousti cal
engi neeri ng, you have to have accredited
| aboratories, do you not?
A In the forensic fields, yes. GCenerally
there woul d be sonme accreditation if it was a
chem cal analysis, let's say, or sonething |like that.
In the acoustical field there are
standards and cali bration standards that are
avai |l able, and that would apply -- for instance, in
the test recordings that we nade, there's a -- a
calibrator that's used on the m crophones to record

and identify their sensitivity to sound.

Q Ckay.

A That clearly in the case of a recording
like in this case being presented to ne, | don't have
access to that know edge or -- or calibration of the

recordi ng devi ce.
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Q And it's reasonable that you woul dn't know
how to -- | noticed the scales that you had i n nany
of these graphs that we'll talk about in just a

m nute were a |linear scale, whereas in your papers
you wote you used that -- a unit of neasure of

Pascal or algorithmcally nodified unit of neasure

for decibels. |Is that right?

A Yes. There's a variety of ways to --

Q You couldn't do that here because you
didn't have the information. |Is that fair?

A | don't have a way of -- of doing -- as |

used the termcalibration, which would indicate what
t he sound pressure was correspondi ng to one of the
anplitudes in the recordi ng, because there's no way
for me to neasure that.

Q So your |linear scale was just a -- a

vi si bl e conpari son to the atnospheric pressure.

Ri ght ?
A Yes.
Q kay. So --

THE REPORTER: Did you say linear?
MR, MOSS: Linear.
BY MR MOSS:
Q -- as a practical nmatter, would it be fair

to say you didn't have the infornmation sufficient to
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anal yze this problemlike you did many of the
problens in the |abs for the papers you wote? |Is
that fair?

MR TINSLEY: (Cbject to the form

THE WTNESS: Yes. So in a forensic case
like this with consuner recordi ng devi ces and unknown
circunstances, | don't know that |'ve ever
encountered a situation that woul d have | aboratory
quality audi o recordings. That would be a very
unusual circunstance.
BY MR MOSS:

Q But you have had circunstances, in fact

you wote a paper on one, where you had nultiple
firearns on the city street where you were trying to

you analyze themfroma residential surveill ance

caner a. Is that correct?
A For exanpl e, yes.
Q And in that -- in that case you -- you --

you knew nore about the topography or the surroundi ng
ci rcunst ances of the audi o because you knew t here

were buildings in play?

A Yes.
Q And in -- in that scenari o you knew about
refl ections fromthe buil di ngs. In fact, that's how

you went about identifying one of the gunshots is by
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reflection froma nearby buil di ng. Is that right?
A Yes. That was the concl usi on. | believe

I renmenber the case you are referring to.

Q And | think the actual nane of the article
ended in "who shot first.”" Is that right?

A. Yes.

Q So there you actually had nore rel evant

circunstances or infornmation to the scenario than you
had in this particul ar project. ls that fair?

A Yes. M recollection of the case you're
referring to there were several concurrent audi o
recordings of the incident fromdifferent | ocations,
so hone surveillance systemwth m crophones on
different sides of the hone that all captured the
recording fromdifferent | ocations.

Q | don't think we're tal king about the sane
paper. The one that |I'mreferring to -- and let ne
-- let nme back up for a m nute.

There are papers where you had tried to
tal k about how to synchroni ze nultiple m crophones if
an i ncident was recorded on different types of
m crophones and -- and worn by different people and
| ocated different places. | saw the paper witten on
that. And synchroni zati on of m crophones was one of

the i ssues you were trying to westle wth. I s that
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ri ght?
MR TINSLEY: (Cbject to form
THE W TNESS: Yes.

BY MR MOSS:

Q But on the exanple that |I'mtal ki ng about
on who shot first, ny -- ny belief is that you had
one m crophone fromthe residential surveill ance
canera, and | would be happy to find the articl e.

A Yeah. | think that for the purposes of
t he paper, | was describing the m crophone | ocated on
the front of the residence, which was essentially
facing the scene where these individuals exchanged
gunfire. And so in that case | knew precisely where
t he m crophone was | ocat ed.

There were vari ous evidence about where
the individuals were | ocated, and | knew the | ocation

of various buildings on the street and things |ike

that. So it was --
Q And so that -- that --
A -- a nore sophisticated anal ysi s.
Q "' m sorry. | didn't nmean to interrupt

you. Are you finished?
A Yes.
Q Okay. So those physical characteristics

of the incident scene are inportant to an anal ysis
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f or conpl et eness. Is that fair?

MR TINSLEY: (Cbject to the form

THE W TNESS: | woul d say yes. If there's
know edge about additional aspects of the
ci rcunst ances of the recording, that can be hel pful,
yes.
BY MR MOSS:

Q So would it be fair to say the nore
i nformati on you have, the nore inforned your decision
can be? |Is that right?

A I would say that's generally true, yes.

Q So | want to talk to you about sone of the
aspects of this particular incident that brings us
here today to explore what other factors m ght have
been consi dered but weren't.

For exanpl e, what do you know about the
| ocation of this shooting in general, where it
occurred?

A | believe the address or the cross street
| ocation was uttered in the 911 call. So the
individuals in the recording say they're on a

particul ar road.

Q Canp Swanp Road, do you recall that?
A Canp Swanp Road.
Q And do you know anyt hi ng about where that
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A. | knowit's in South Carolina. | did do a
qui ck Googl e Map search to kind of position nyself.
I"'mnot famliar with that -- with your -- with your
part of the country so nuch and saw that it was cl ose
to the North Carolina border, | believe. So | did
t hat .

And then | heard from M. Tinsley that
there were these two vehicles, and at the tine of the
gunfire, they were stated to be 30 or 40 yards apart.
So | guess | pictured in ny mnd that they were on a
street facing each other, nore or less. So | think
that's kind of the extent to which | had a sense of
t he scene.

Q Ckay. Anyt hi ng about buil di ngs or
t opography or trees or anything like that that you
know about ?

A No.

Q What do you know about specific weapons
that were used in the shooting of the incident that
bri ngs us here today?

A There was no information | coul d determ ne
fromthe audio recordings, but |I believe M. Tinsley
i ndicated that the firearns in the cabin of the

vehicle were sone sort of 9-mllineter sem autonatic
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handgun. And |I don't know anything or recal
anyt hi ng about the other firearmthat's been

menti oned, other than | think that al so was a

handgun.
Q And that matters for your forensic
anal ysi s because the type of handgun -- or the type

of gun that was shot in determ ning sone
circunstances, are the kinds of characteristics you
| ook for in sound bites. Ri ght ?

MR TINSLEY: (Cbject to form

THE WTNESS: Yes. That could be a
factor, yes.
BY MR MOSS:

Q And what about the vehicles that were

i nvol ved? What do you know about the type of
vehicles that were involved in this particul ar

I nci dent that brings us here today?

A Not hi ng parti cul ar about the make or nodel
of the vehicles. So | was believing that these were

trucks just based on kind of the type of description,

but | did not use that in the anal ysis.

Q Okay. But would it be fair to say
different vehicles with different tri m packages or
different feature packages m ght have different --

THE REPORTER: I"msorry. I'mreally
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havi ng a hard tine understandi ng what you're saying
wth that noise.

MR MOSS: | understand.

THE REPORTER: So if you could start
agai n, that questi on. But if you have different
vehi cl es --

MR MOSS: It would be fair to say --
well, |I've got to start over. Because |'m not goi ng
to be able to phrase it exactly the sanme way.

THE REPORTER: That's fine. Sure.

BY MR MOSS:

Q Wuld it be fair to say that different
tri m packages and di fferent features on vehicles
m ght receive acoustical information or sound waves
differently? Is that fair?

A Yes. The interior of the vehicle, which
appeared to ne is where this recordi ng was nmade, the
details of the vehicle would -- woul d have sone
effect on the acoustics.

Q Whet her they were sealed with all w ndows

up or whet her wi ndows were down, that woul d have an

ef fect on acousti cs. Is that right?

A Yes.

Q In fact, you wote a paper where you
conpared a handgun being fired from-- perpendicul ar
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to a driver's wndow in both a configuration with the

w ndow down and a configuration with the w ndow up.

Is that right?

A Yes.

Q So it matters?

A Yes.

Q And so sone vehicles are insul ated agai nst
sound -- exterior sound better than others. I s that
ri ght?

A Yes.

Q Now you don't know who M. Spivey is or

was. You don't know anythi ng about M. Spivey, do

you?

A No.

Q And the vehicle he was driving i s unknown
to you. Is that fair?

A That's correct.

Q Okay. And ny client is M. Boyd. You

don't know M. Boyd, do you?

A. No.
Q Have you read anythi ng about M. Boyd?
A No. | believe |I | ooked up the nane to

verify spelling of Wl don, which | believe is your
client's first nane.

Q That's correct. Wll, that's his mddle
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nane, but he goes by Wl don.
THE REPORTER: I"msorry. VWhat was
your - -
MR MOSS: That's his m ddl e nane but he
does go by Wl don.
THE REPORTER: Ckay. Thank you.
BY MR MOSS:

Q So do you know who was driving wth
respect to the vehicles?

A No. | assuned that M. Boyd was driVving
the vehicle in which the recordi ng was nade.

Q Okay. So the shooting scene itself in
terns of how the parties involved were positioned
W th respect to each ot her, what do you know about
t hat ?

A O her than this spacing of the vehicles 30
to 40 yards and the interpretation of the utterances
where it appears that M. Boyd could see the other
vehi cl e and the other individual, there's various
comment s about that posture. So | know that, but
I've not seen any photographs or di agrans of the
crinme scene or anything |li ke that.

Q So that -- that spacing of 30 to 40 yards
you nentioned a couple of tines today, that's

different than the 20 neters that you referred to in
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your report at one tine. Is that correct?
A Can | refer to ny report?
Q Pl ease. Pl ease. In fact, | have seen two

nunbers, and | --

A Well, I'"mseeing on the | ast paragraph on
page 12 of ny report, | refer to it is plausible that
those reports could be attributed to a firearm bei ng
di scharged frominsi de the cabin of another vehicle

| ocat ed, quote, 30 to 40 yards away, unquote.

Q | do see that as well.

A. Yeah.

Q | recall sonewhere readi ng about 20
meters. It could have been in your e-nmils if not in
your report. As you sit here today, you don't know,

do you, the physical characteristics --

A No. If -- if -- if somewhere in -- in the
report here | referred to 20 neters, | think naybe
that was just a starting point for the discussion,
but the particular quote |I renenber from-- from M.
Tinsley was 30 to 40 yards away. And | seemto
recollect that in the dial ogue between the 911

di spatcher and M. Boyd, there was al so nention of

that -- that distance.
Q So --
A But | don't have that in the report.
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Q Now, the distances between these vehicles
could matter to an analysis such as yours, couldn't
it?

A Yes.

MR TINSLEY: (Cbject to the form
BY MR MOSS:

Q Okay. And so -- but | didn't read in your
report anywhere that you actually factored the
di stance in any of your cal cul ati ons.

A That's correct. As you saw fromthe
report, the audio forensic question had to do with
audi bility of additional gunshots beyond the clearly

audi bl e 29 that were in the recording.

Q Ckay.
A So | was not perform ng an experi nent

t here. I was addressing that particul ar question.
Q And you weren't addressing it with

mat hemat i cal precision such that the di stance woul d
have been that relevant, whether it was 20 neters or
30 to 40 yards or what it actually was, which is
nei t her of those?

MR TINSLEY: (Cbject to form

THE W TNESS: So again, | was using
information that | had available. | have no idea if

there were additional gunshots. Because all | am
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doing is based on what | can discern fromthe audio
recordings. Cearly, for other parts of your case
you' Il have physical evidence and ot her -- other

t hi ngs.

BY MR MOSS:

Q So please confirmto us what you know
about the recording device or devices fromwhich this
audi o channel was | ast recorded or upon which it was
recor ded?

A. So I've not received information
specifically about the nbdel nunber of the device or
the type of software that was used to make the
recording. So as | say in the report, |I'massum ng
that the reliability of that device was sufficient to
record the utterances and the sounds that were
present when the recordi ng was nade.

Q Ckay. But you know it ended up being

recorded into an MP3 file?

A That's what | received. Wether that was
the original file, again, | don't have any way of
knowi ng that for certain. But |I'mworking on the

assunption this is the best avail abl e recordi ng or
exanpl e of the recordi ng.
Q | ndeed you stated that in your report that

you' re wor ki ng under that assunption, and it was the
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best avail abl e. Is that right?
A Ri ght .
Q So are you famliar that sone vehicles

have noi se cancell ation technology in their buil di ng?

MR TINSLEY: (Cbject to the form

THE W TNESS: Do you nean an active noise
cancel l ation or --
BY MR MOSS:

Q Whet her acti ve or passive, sone vehicles
have noi se cancell ation technology built into the
vehicles. Right?

A Yes.

Q And passive m ght be sonething |ike

I nsul ati on or particul ar shapes of w ndshi el ds or

body panel s. Is that fair?
A. Yes.
Q And active m ght nean el ectronic

sophi sti cated reacti onary-type technol ogy that would

interpret signals and try to produce negating sound

waves to cancel them Is that right?
A Yes.
Q Those things work rather quickly but

probably not quick enough for the initial inpulse to
a gunshot. |Is that right?
A To ny know edge, that -- that woul d be
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very difficult to do, to have an adaptive al gorithm

t hat woul d act that quickly.

Q For a singul ar gunshot ?
A. Yes.
Q But it would be fair to say, though, when

you have a succession of gunshots that were maybe a
couple of mlliseconds apart |ike you suggested in
this table these were, you could have an interactive

interplay or some reactionary interplay with noise

cancel | ati on equi pnent that was active. |Is that
ri ght?
A Yes.
Q And you don't know if that happened here

or not, do you?

A | don't know. What | can say is that when

| encountered an autonatic gain control or sone other
type of adaptive algorithm wusually there's evidence
of that in the recording. It's possible to see that

-- the reaction tine of that -- those electronics to
make those changes.

Q | ndeed, | read your paper where you

actually anal yzed that automatic gain control feature

of an electronic digital portable recorder. I n that
particul ar docunment you -- you tal k about how t he

wavef orm checks woul d change with autonmatic gain
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control. Is that right?
A. Yes.
Q Wuld it be fair to say that for one

I npul se, for one gunshot, probably that technol ogy
woul d not have tine to react sufficiently or quickly
to nake a difference. R ght ?

A Yes.

Q But when you have a barrage of shots,
whether it's 29 or whether it's 17 or whether it's
24, these el ectronic devices are doi ng sonet hi ng. I's
that fair?

A I f such a device is presented with a very,
very |l oud sound, often it will react to that sound,
and that reaction usually has what would be called a
rel ease tinme, so sone period of tinme after which it
wll resune its original configuration.

Q And you -- you could analyze that if you
knew what was in play, couldn't you, if you knew what
equi pnent was there, because you have anal yzed
simlar devices with a digital handheld recorder? 1Is
that right?

A Yes.

THE REPORTER: Wth a digital what?
MR MOSS: Digital handhel d recorder.
THE REPORTER: Handhel d.
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THE W TNESS: Yes.
BY MR MOSS:

Q But here you just didn't know?
A That's correct.
Q Okay. So let's talk about the digital

audi o perception conpression MP3 algorithm They're
not all the sane, are they, in terns of bit rate?

A The standard that MPEG noving picture
experts group standard, specifies a variety of
perinmeters that could be used during that data
conpression step that's used to nake the MP3 file.
So fromone recording to another, there could be
differences in the bit rate.

Q From one -- one device to another there

could be differences in the bit rate. R ght?

A Concei vabl y, yes.

Q And the higher the bit rate, the better
the sound quality on the resultant product. I s that
ri ght?

A Cenerally, that's true, yes.

Q And so not only do we have to consi der

there could be a bit rate in the recordi ng devi ce,

the -- the application software that's being utilized

has to interpret that bit rate. R ght? And you

could throttle, if you will, the bit rate?
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A The decoder in playing back the recording
I's standardi zed, and that is essentially identical on
any di fferent playback device, but the encoder --

Q The encoder - -

A -- that's creating the file could differ
fromone i nplenentation to anot her.

Q And even if you had a very sophisticated
m crophone, if you're encodi ng equi pnent, you're

encodi ng algorithm or encoding software is limted in

bit rate, then you're stick with that limtation.
R ght ?

A Yes.

Q So we don't know any of that information

W th respect to this project, do we?

A | don't know, no.

Q Ckay.

A Presumably the device that nade the
recordi ng can be di scovered and -- and those

determ nati ons can be nade, but that was not
informati on that was provided to ne.
Q And you didn't ask for the information

either, did you?

A. No.
Q Okay. And so | believe you referred to
the MP3 algorithmthat was being utilized as a very
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| ossy and -- very | ossy technol ogy. Is that right?

A

Yes. Very is hard to -- yes. It's a

| ossy al gorithmdeliberately.

Q

I know that's the word because | read the

word | ossy.

So quite a |lot of what otherw se m ght be

data is just discarded. |Is that right?
Yes. It's alittle nore conplicated than
scarded, but yes. It's -- it's no | onger
inthe -- in the file.

And not retrievabl e?
Correct.

Okay. So in fact, you wote to Attorney

Ti nsl ey, and you told himas nuch when you said

usabl e
A
just di
pr esent
Q
A
Q
havi ng
to any

it be perceptually conpressed is not desirable

kind of forensic anal ysis. Do you recall

witing that?

A Yes.
Q And -- and as we sit here, you know t hat
to be a true statenent. Ri ght?
A Yes.
Q It's not desirable.
A Yes.
Q So earlier you tal ked about what MP3
| oses, and sone -- sone publications will state that 85
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you | ose as nuch as 90 percent of your data. And you
didn't say that, but you said that you m ght have a
mllion sanpl es per second and MP3 m ght record just
100, 000 or so, and that's -- that's 90 percent of

your data that's being discarded, isn't it?

A That's correct.
Q So that is -- whether it's debated in
trade articles or not, it is fair to say that as much

as 90 percent of data can be discard in MP3 encodi ng.

Is that right?

A Yes.

Q Never to be recovered?

A That's correct.

Q Okay. And the MP3 technology relies --

relies on sonething call ed psychoacoustics

princi pl es. Do you know what that is?

A Yes.
Q Can you expl ain that?
A The way | nentioned it in ny earlier

testinony is it has to do with what a hunman bei ng can
perceive. And so the term psychoacousti cs,

psycho neans brain or a human. So a psychoacousti cal
analysis is to determ ne what a human bei ng can
perceive in a recording. And hunmans are very good at

certain tasks and not very good at other tasks. And
86
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so the engineering of MP3 and sim |l ar technology is
to take advantage of the strengths and weaknesses of
a human being listening to the recording.

Q And as a practical matter w thout that
type of technol ogy, we couldn't acconmmodate the file
sizes that may be required to maintain all of this

available information in a sound wave that we really

can't interpret anyway. Is that fair?
A That's exactly the -- the engi neering
principle that's -- that is being used all the tine

nowadays i n these recordings.

Q But this information that's being
di scarded, it -- it -- it's -- it's -- it nmasks or it
di scards information that the al gorithm believes that
we can't interpret anyway. Ri ght ?

A Ri ght .

Q But it also can discard sounds that are
masked by | ouder sounds, can't it?

A That's correct.

Q Okay. So for exanple, the gunshot being

in a renpte vehicle could be di scarded or nasked

because you have a | ouder sound right here in the cab

of this truck. R ght?
A That' s concei vabl e, yes.

Q Okay. So let nme ask you. When you --
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when you undertook your -- your three anal ysis, one
being critical listening, did you alter
electronically in any way the file? D d you listen
toit by slowing it tenporally or maybe | owering the
deci bel volune of it? D d you do anything to alter
it as you critically listened to it?

A | often will change the volune |evel, so |
changed the anplitude, how | oud the sound is. So if

there's a segnent of the recording that is relatively

quiet, I mght play it back just that segnent and
make it a little louder to try to see if |I'm hearing
what | thought | heard at another level. So I wll
do that sort of adjustnent to the -- the sound during
the critical |istening.

Q And there's nothing -- from an engi neeri ng

standpoi nt there's not hi ng i nappropri ate about doi ng
that, is there? You're sinply trying to scale the

file you're listening to so that the receiving ear

can interpret it better. Is that right?

A. That's correct.

Q Okay. And so, for exanple, the file that
you chose not to utilize that had been altered with

respect to slowing it down or tenporally altered it,
you didn't choose not to use it because that was an

i nappropriate thing to do to listen to it critically.
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You di scarded it because you didn't know exactly what

alteration was appli ed. Is that right?

A Primarily that was it, and then also | try
to be real careful that if thereis a -- if I'm
getting the sense that |I'm bei ng asked to hear a

particul ar thing, that supposition or the suggestion
of "listen for this,” it's very hard to ignore those
types of things. And so what | didn't want to have
happen was a bias where | would be antici pati ng what
' m hearing, and then that would potentially affect
that critical |istening step.

It obviously wouldn't change the waveform
and the -- the spectrogram but the perceptual aspect
could potentially be affected. So that's the reason
I would -- did not listen in this case. GCenerally
don't want to do that kind of a thing, unless again
it's part of a forensic analysis that woul d be asked
for.

Q You could appreciate it if we attorneys,
when we hire experts, we want themto offer opinions
hel pful to our case. And in many circunstances the
nmore informati on we provi de the expert, the better
i nformed they can give us an opi nion.

And so what you're suggesting is kind of

t he opposite, that you want less. Less is nobre in
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your scenari o. Ri ght ?

A And | described this in ny book. The - -
one of the concerns in forensic science is that
uni nt ended bias. And when |I'm doing an audi o
forensic analysis, I'"'mnot part of the investigating
team trying to explain all the details of the crine
scene and what happened and what the notivations are
and so on. I'monly interpreting the audi o portion
of this. So I'mnot an advocate for you or for
M. Tinsley about the circunstances.

VWhat I'"'mtrying to do is explain what can
be di scerned fromthe audi o recordi ng and what
cannot, and then | woul d expect -- and | know you are
di l i gent advocates, so you are collecting other
evi dence from w t nesses and -- and gunshots and
things |like that. But ny role is not to interview
W t nesses and do those things. That is not what I
was hired to do.

Q So the scope then of your opinions were
two in your witten report. There were a few nore
offered today. But in your report you underlined two
opi nions that you offered, and you actually offered
themwi thin a reasonabl e degree of scientific
certainty in the field of forensic audi o acousti cs,

as | recall, which is alittle bit different than in
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your report in the underlined section in the
conclusions and -- and the questions that were franed
at the begi nni ng when you suggested what Attorney

Ti nsl ey asked you.

But those are really the only two opinions
you're offering in your report -- is that right --
wthin a reasonabl e degree of scientific certainty,
what ever that neans?

A Yes. There's -- | would tell you there's
nothing else in the report that woul d not neet that
sane sense that | have. There's nothing in there,
but you do see several other places in the report
where | indicate information that | just don't know
what | can nake of that. I, you know, use that
exanmpl e of shot seven and ei ght. | can't explain why
that sound is there. I can explain that the sound is
t here.

Q But you -- you're not offering source

| ocali zat i on. You don't know where the sources were

vis-a-vis the m crophone. Is that right?
A That's right.
Q You don't know what the asnet is between

various firearns and the m crophone?
A. That's correct.

Q And you don't know to a certai nty whet her
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or not the m crophone noved or not during the upset,
do you?
MR TINSLEY: (Cbject to form
THE WTNESS: Yeah. | don't have
certai nty about that.
BY MR MOSS:
Q So earlier you testified that you had no

basis to believe it did nove. | want to nmake sure |

word that correctly because | don't want to put words

i n your nouth.
But do you renenber being asked by
Attorney Tinsley if you forensically could determ ne
if there was any novenent of the m crophone?
A Yes.
Q The answer was you don't know?
MR TINSLEY: (Cbject to the form
THE W TNESS: | -- | believe the question
and the way | interpreted the questi on was whet her |
had evi dence that the m crophone noved during a
particul ar portion of the recording. And the answer
to that question, what | would be | ooking for in the
recordi ng was sone change in the acousti cal

properties. The sound of the voices was quieter or

nmore muffled, for instance, or there was a clattering

sound that could be a m crophone bei ng dropped or
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sonething like that. So all | could say was | did
not notice or cone to any consensus that there woul d
have been any novenent of the m crophone during that

part of the recording.

Q But that doesn't nean there wasn't
nmovenent of the m crophone. Is that fair?
A That's correct. | " msaying what | could

determ ne from the audio.

Q And the muzzl e of the m crophone distance,
if there was a change in that, you wouldn't know to a
certainty, would you?

A No.

MR TINSLEY: Cbject to form
BY MR MOSS:

Q Okay. O who fired first in this case,
you really didn't know it fromthe audio that you
have anal yzed, woul d you?

MR TINSLEY: (Cbject to the form
THE WTNESS: That's correct.
BY MR MOSS:

Q Okay. And you're not offering any opinion
here that any particul ar transi ent wavef orm was
definitively a shot fired outside the vehicle. I's
t hat correct?

A Yes. As | explained in nmy report, | -- |
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am not able to give that | evel of certainty about
anything but the -- the 29 clearly discernible
gunshot sounds.
Q Okay. And you would defer, then, to
I nvestigating | aw enforcenent officials about
physi cal characteristics |like trajectory, gunshot
resi due, for exanple, physical scene evidence, any
ki nd of reconstructive process, you would have to
defer to those investigations. Right?
MR TINSLEY: (Cbject to form
THE WTNESS: Well, it's not relevant to
the analysis | did.
BY MR MOSS:
Q Fai r enough. Fai r enough
So any testing by you of any siml ar
recordi ng devices to what was -- what was utilized by

ny client to record the audio that you l|listened to?

A No.

Q Okay. As a practical natter, do you even
know what type of device ny client was utilizing?

A | do not.

Q Do you know what type of software he was
utilizing to -- to encode or record that MP3 file?

A Yeah. | don't know that.

Q And, again, you said you don't know for
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sure it was an MP3 file, but I want to represent to
you it was being recorded and encoded into an MP3
file.

But you wouldn't know that if | didn't
tell you that with certainty. Is that right?

A That's right. So | was not asked to
determ ne authenticity of these fil es. My assunpti on
going in was that both parties have agreed this is
the -- the evidence.

Q Okay. Now, it would be fair to say that a
m cr ophone di aphragm m ght be pushed beyond its
limts when it receives an inpul sive wave |i ke a

gunshot. Right?

A. Yes.

Q But you expect, don't you, for nost of
t hese devices that are designed for hunman -- human
utilization that that m crophone would be -- it would
exceed its -- the limts of its capabilities?

A Oten that is the case, yes.

Q Okay. And that's an exanple of why you

use those very sophi sticated m crophones in your |ab

in preparation of witing a paper. Is that right?
A That's right.
Q And even those are exceeding --

THE REPORTER: Even those are --
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BY MR MOSS:

Q Even t hose sophisticated m crophones are
pushed to their limts or beyond in your -- when
you're | abbing a particular scenario for a paper you
want to wite?

A Yes. There has to be care done to avoid
t hose circunst ances.

Q And in addition to the software -- | nean,
in addition to the m crophone exceeding its limts,
mechanical limts, if you will, software can be --

the limts of software encodi ng al gorithns can be

exceeding as well. R ght?
A Yes.
Q So we call that clipping, don't we?
A Anpl i tude exceedance like in a m crophone

when there's a | oud sound, yes. The termis often
used cli ppi ng, neaning that the signal can't be
represent ed above that clip |l evel that would indicate

that we' ve reached the nmaxi num

Q So if you're at a clip level, a sound -- a
sound pressure that's higher, in other words, a sound
that's |l ouder than the clip level, isn't nmeasured, is
it?

A Cenerally, no. So we -- we will not know

how much higher it went because all we did is that it
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exceeded the clip | evel.
Q And when you -- when you prepare a root
mean square drawi ng |i ke you have graphically

prepared in one of your figures, you're not actually

depi cti ng what the actual sound pressure was. You're

-- you're basically getting a working average, if you

will. Is that fair to say?

A Yes. So the -- the waveform picture and
the spectrogram the spectrogramis the orange
col ored portion of these figures that's show ng the
frequency distribution. Wen we |ook at the RVS or
t he average envel ope, we're not | ooking any | onger at
t hat frequency distri bution. It's being averaged
together to get the envel ope.

Q And indeed in Plaintiff's 3, this is al
average cal cul ati ons. R ght ?

A That's right.

Q You t al ked about a root nean square

anal ysi s?

A Ri ght .
Q And so when you're averagi ng for a di agram
like this, you're not -- you're -- you're deviating

or getting away from actual nmeasurenents of actual
sound pressure. Is that fair?

A. Yes. So the actual neasurenents of sound
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pressure are another figure. So it's included in the
report, but for explanation purposes, the RM5is a
conveni ent and customary way to | ook at that.

Q But if you're conparing anplitudes in the
RVS di agram and you' re suggesting that maybe one gun
fired an i npul sive sound wave or a shot that created
an i npul sive sound wave in this anplitude and anot her
gun fired it for another inpulsive sound wave that's
depicted as an anplitude, you're really getting away
fromthe raw data, aren't you, because you're using
an aver age?

A Yes. But, again, the techni que invol ves
several steps, not just that one. So |I'm not making
a statenent based solely on the average. |'ve got a
critical |istening step. I"m | ooking at the tine
wavef orns, which |I guess you could say the average
was certainly related to that, and then | | ook at the
spectrogram so that the assessnent is done based on
all of those aspects of observation, not just -- not

just the average or not just the spectrogram

Q You're famliar with what a di al ogue
i sol ator is. s that correct?
A Di al ogue i sol ator?
Q Di al ogue i sol at or.
A Maybe you better informne what that is.
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Q Well, a device designed to interpret human

speech and mask out other noi ses.

A Ckay. Yes.

Q Are you famliar wwth that?

A Yes.

Q You don't know if one was utilized in the
devi ce or equipnent that ny client was utilizing, the

phone in which these audi os were recorded, do you?

A | don't know that.

Q And | shoul d say upon whi ch one of these
audi os you anal yzed was recorded, because the other
was recorded by the 911 call center. |Is that your
under st andi ng?

A That's right.

Q Okay. So the dial ogue isolator, by
what ever term nol ogy that you would call a device
l'i ke 1've described, could alter the information
that' s bei ng encoded. Is that right?

A Yes. And | did nention that a cell phone
t el ephone call where the phone is in tel ephony nobde
will often have a speech coding algorithmbuilt in
whi ch woul d have that property of trying to encode
only di al ogue and not the background sounds. So that
-- I"'mnot famliar with a true dial ogue i sol ator,

but | think the function would be the sane.
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Q So it's -- basically electronics could be

by desi gn maski ng out sounds that are not human

speech?
A Yes. That could be a goal, yeah.
Q Okay. And it could have been in play or

an integral part of ny client's equi pnent, coul dn't
it?

A Yes. | don't know. But such things
exi st, yes.

Q So -- and phones have becone pretty

sophi sti cated, haven't they, with these type of

features, tel ephones -- or cell phones?

A Yes.

Q Now, you don't have any personal know edge
of where the actual recording device -- and |I'm goi ng

to submt to you it was a phone as opposed to a
digital recorder or a tel ephone, a cell phone. You
don't have any idea where it was in the cab of this

truck, do you?

A. No.
Q Okay. And you don't know who was hol di ng
it or where it -- where it was -- or whether or not

it was noved. W tal ked about that.
A Yes. | didn't have any observation from

t he audi o recordi ngs that -- and when you say phone,
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I would be thinking nore in terns of where the
m crophone is |located. So a m crophone coul d be
integral to the phone.

As you nenti oned about nobdern tel ephones,
they often have nore than one m crophone invol ved. I
don't know the configuration of this particul ar
devi ce. It is conceivable that there was an earpi ece
with an integral mcrophone init. It could have
been on a mi crophone | ocated on the dashboard of the

vehi cl e. So | don't know.

Q It could have been a | ooped-in connection
to an i n-car m crophone. Is that fair?

A. Yes. | don't know that.

Q So -- and all these are vari abl es that

could affect your analysis, are they not?

MR TINSLEY: (Cbject to the form

THE W TNESS: | don't think they woul d
affect ny anal ysis, but they certainly would affect
t he recordi ng.

BY MR MOSS:

Q Because they -- latency can occur when you
have a renote mn crophone. Is that fair?
A And when you say | atency, are you

referring to the speed of sound | atency or the

| atency of the -- the wirel ess connection or --
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Q Wel |, both. ' mtal king about the tinme it
t akes between an actual inpul se being received by a
m crophone and it being encoded by a software that's
going to encode it into an MP3 file. There's | atency
t here. Ri ght ?

A Yes, there is. Yes.

Q And that | atency i s dependent upon nmany
t hi ngs, including whether or not you have a
m crophone that's integrated into a device or whet her
you have a renote microphone that's wreless or a
renote m crophone that's wired. Right?

A Yes. Although | would expect during a
conti nuous recording that | atency woul dn't be
varyi ng. It would be whatever it is for the
particul ar conmuni cati on channel that had been
est abl i shed.

Q VWhen you're -- when you're diving down

into m croseconds like you refer to in your graphs,

| atency could be a -- it could be a factor, couldn't
it?

A If -- if it was changi ng, yes. It could
be a factor. "' m not aware of an expl anati on of why

the | atency woul d change.
Q Well, it could change if the m crophone

was noved, wouldn't it --
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A Yes. So |, again, would be expecting
there woul d be sone artifact in the audio that woul d
I ndi cate sone change of that sort.

Q So fromyour analysis, all you know is you
didn't detect it?

A That's right.

Q Okay. And so there are sone
characteristics | read about in your numerous
articles that | didn't see referenced in the report
that you drafted for this case. I want to talk to
you about them

Can you tell us what reverberation is?

A. So reverberation in the context of audio
engi neering refers to the sound that is emanated from
sone source and now i s being reflected off different
surfaces in the vicinity of the recording. And so
t he m crophone or your ear is picking up not only the
direct sound fromthe source but al so those
reflections off the various surfaces in the vicinity.

Q And reverberation and echo is simlar but
not exactly the same thing, are they?

A That's correct. So when we say echo,
usually we nean a very distinct reflection, and so --

Q Li ke a one-off reflection?

A. Yes. And so reverberation often is
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referring to nmultiple order echoes, neaning that the
sound reflected off one surface and then off the
floor and off the ceiling and the wall before
arriving at the m crophone or your ear. So there --
reverberation tends to be an overall wash of sound,
not di stinct echoes.

Q And if you're in an encl osed environnent,
for exanple the cabin of a vehicle with w ndows
cl osed up, reverberation is very nmuch a factor of the
sound anal ysis overall, is it not?

MR TINSLEY: (Cbject to the form
THE W TNESS: It -- it -- it can be. So

the interior of the vehicle does have an acousti cal
rever ber ati on. It's generally very short because the
reverberation tine of how long the sound lingers is
dependent on the absorption and then inversely
proportional to the volune or cubic neters of -- of
the cabin. So it is present, but inside a typical
vehicle it's -- it's not an extrenely |l engthy effect.

Q Soneti mes peopl e ask you to depl oy devices
to nake it a lengthy effect, don't they, because they
want -- they want that effect? Misicians do that
soneti mes, for exanple, don't they?

A Yes. There are ways to sinulate or nake

an artificial reverberation. That's true.
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Q Right. And |I'm not suggesti ng any of
that's in play here, but the fact is there would have
been reverberation inside this vehicle cabin if the
gunshot was fired, and we had this inpulsive sound
wave that would have reflected off nmany of the
surfaces in the vehicle's cabin. R ght?

A That's correct.

Q And you said it's not very long. Wat
does that nmean exactly? Because we're | ooking --
we're looking into the m croseconds with sone of your
anal ysis, so certainly it would | ast nore than
m croseconds, wouldn't it?

A Yes. It woul d depend on the geonetry and
t he absorbing naterials inside the cabin of the
vehicle, and we could conpute an estimate of that. I
didn't in this case.

Q But when we're | ooking at an overall sound
pressure on an RMS scale like you referred to in your
-- sone of your figures, we have to assune, don't we,
that not only the inpul sive sound wave of the firearm
being fired but also reverberations included in the
i mpul si ve sound wave as you graphically depicted in
an RMS. Right?

MR TINSLEY: Cbject to the form

THE W TNESS:  Yes.
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BY MR MOSS:

Q And it would also be included in the
spectrogram wouldn't it?

A Yes.

Q And so it's -- it's -- it -- you really
can't distinguish a shockwave and a nuzzl e bl ast and
whet her or not there was any ballistic sound fromthe
reverberation in the spectrogram can you?

A No. Not especially when we' ve got
refl ecting surfaces very close to the presuned sound
source. So if the firearmis inside the cabin of the
vehicle, those reflections or reverberati on happens
very qui ckly, which would be different if this were,
you know, a big concert hall or sonething where it
takes tine for sound to travel all the way to a wall
and refl ect back.

Q So when we're | ooking at these anplitudes
that are -- appear to be clipping the device that's

encoding them it's not only including the inpul sive

sound wave fromthe shot, it's including these other
sound characteristics. |Is that fair?

A Yes.

Q And -- and this MP3 technol ogy by design
is discarding a |l ot of that. Is that fair?

A Well, it's attenpting to discard the 106
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portions that woul d not be perceptually rel evant,
meani ng that a human bei ng woul dn't know whet her
t hose were included or not.

Q And we have no way of know ng what was
di scarded and what was not discarded by the

enpl oynment of this MP3 technology in this anal ysis,

do we?

A No, we don't.

Q Okay. Now, | want to take a | ook at your
figures for a nonent. On Figure 1, which was this
drawing, if you would, the first drawing -- | think
it'"s -- you can find it in your report.

Do you -- do you have it, Figure 17

A Yes.

Q On the right-hand side you' ve got a scal e,
but | can't read it on ny copy. Is that -- is that

in decibels or is that in sone other kind of unit?
A. So there are two different things here.

There's the waveform - -

Q I"'mreferring to the -- |I'msorry. I
interrupted -- the waveform | don't want to --

A Yeah. Wiite on bl ack.

Q Yeah.

A So the depiction on the graph is a |linear
depiction and it has a scale -- this particul ar
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software is representing it as decibels. So we have

a -- you can see that the indicator nmarks, the -- the

tick marks, horizontal marks in there are not
uniformy spaced. So they have chosen to show t hem

as a logarithm c representation, but the waveform

itself is -- is linearly represented here.
Q And the scale itself is not -- it's for
reference, but it's -- it's -- it's not necessarily

an i ndication by you or an opinion by you that these

are the exact deci bel readings that we would have
recei ved had we been present on-site with a deci bel
met er . Is that right?

A. Well, we have to be careful because the

use of decibel Iin this case is not sound pressure

| evel , which would be the customary use of dB. This

dB is with respect to a full scale digital
representation, so the nunbers that we're seeing in
here are how nany dB down fromthe -- the peak | evel
iIs. So we can't interpret these deci bel references
in termse of sound pressure |evels.

Q So here the scale was just for relative
i ndexi ng or relative conparison?

A That's right.

Q Whereas in many of the | abs that you' ve

conducted and witten papers about, you actully had
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actual deci bel readings. Is that right?

A Yes. So in that case, as | -- |
menti oned, the scientific approach, we would
calibrate the m crophone so we know for a given
I ndi cati on that we woul d pl ot what sound pressure
fluctuation in Pascal was present. And then, again,
it's customary in acoustics to represent -- rather
than Pascal is to represent that as dB sound pressure
| evel .

Q It's interesting that you use that
phaseol ogy in that scenario in the scientific
approach, but what you' ve done here is not exactly a
scientific approach. Ri ght?

MR TINSLEY: (Object to the form

THE WTNESS: Well, it's a scientific
approach, but | don't have access to the calibration.
BY MR MOSS:

Q Ckay. So | want to talk to you about the
docunments you've gotten. Wen you got the files, you
said you did a bit-for-bit conparison. Explain that.

A. Ch, when -- the files | received, | think
| received in e-mail. M. Tinsley e-nail ed them as
attachnments. So generally, those attachnents are
very reliably transported, but | wanted to nake sure

that there was no indication that there had been any
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-- any bit errors attributable to the e-mail process.
Q And that's a pretty standard process in
your field for trying to verify the integrity of

data, isn't it?

A. Yes.
Q But there are other -- other ways to do
that; for example, like electronic network frequency

checking. You didn't do any of that, did you?

A So el ectrical network frequency or ENF
testing is sonetines used in audio forensics, but it
wasn't a relevant thing here. The principle there is
that if you have electrical power |ines around, |ike
we do in the building here, the current going through
those wires creates an alternating nmagnetic field and
that can in sone circunstances get picked up in an
audi o recordi ng.

And because the grid -- and | know you're
a power engineer, so the grid frequency, the rate at
which all the rotating generators are operating,
fluctuates up and down a little bit as the | oad
changes. And so at any given tinme in the day, it may
not be exactly 60.0 cycles per second. It may be a
little higher or alittle | ower.

So it is possible froma recording to try

to extract that humor that result and then conpare

110

Charles Fisher Court Reporting
442 East Mendenhall, Bozeman MT 59715, (406) 587-9016

86.€09¢dI¥20Z#3SVD - SY3T1d NOININOD - AHHOH - INd ¥7¢:€ L uerl 9¢0¢ - d311d AT1VIINOHLDO3 13



© 00 N o o b~ w N P

[ = S S T
w N Bk O

14
15
16
17
18
19
20
21
22
23
24
25

Robert C. Maher, PhD, PE

it if it's known what the actual network frequency
was at that tinme and try to do authenticity to make
sure the recording was nmade at the tine that was
indicated. So in this case that wasn't sonething |
was asked to consi der.

Q Okay. And that -- you would enpl oy

sonet hing akin to noise cancellation to create a

negative signal to offset it if it were present. s

that fair, if you had ENF?

A The use of ENF, if |I were doing it, would

be to extract that varying |line, power |ine
frequency, and then | would have to try to find
sonebody who had mai nt ai ned a dat abase of those
readi ngs and then conpare it and -- and nake sure
that if this recording took place at a certain tine
in a certain place in a grid, that | could then

verify that it matched the known devi ati ons of the

power |ine frequency. In this case, since there was
a 911 recording and -- and it didn't sound |li ke there
was a di spute about the authenticity here, I'm

assunmng that's why M. Tinsley didn't ask ne to do
t hat .

Q Well, I'"mgoing to junp ahead a littl e bi

t

and talk to you about some other things. There's no

differentiation in your analysis between the initial
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I mpul se and these ot her acoustical effects we tal ked
about. Is that fair?
MR TINSLEY: (Cbject to form
BY MR MOSS:
Q Li ke reverberation, |ike echo, like --

there were other effects of acoustical sound waves

phenonenons that -- that are all just kind of rolled
up and not dissected or analyzed in your -- in your
anal ysis here. |Is that right?

MR TINSLEY: (Cbject to the form

THE WTNESS: Yeah. | think the answer to
that is yes. I was |l ooking prinarily at the onset of
t hese sounds, because that's what | would expect from

a gunshot report.
BY MR MOSS:

Q Earlier you tal ked about a | ow frequency
sound, and you tal ked about plausibility. GOkay? You
said plausibly these could be shots froma renote gun
outside of the cabin at sone di stance away. And --
and I want to nake sure | understand what that term
"pl ausi bl e* nmeans when you use it in your report.

A So what was posed to ne was, could there
be any indications in this recording that shots
occurred outside the cab, and you can see the way

that that forensic question was posed. So by
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pl ausi ble, | neant that | cannot take this recording

and say the way | can with the other gunshots, that
I'"'mcertain those are gunshots. | can't say that 1|'
certain that these are there.

But in a hypothetical situation that

M. Tinsley posed that these -- that there were

m

additi onal shots, those reports or those indications

that | can hear fromcritical |istening and see in

t he wavef orm and pick out in the spectrogram could be

attributable. So that's what | neant by pl ausi bl e.

Q I nmean, | wanted to nmake sure | was right

on that sort of the definition of the word pl ausi bl e

was, and | would submt to you that it seened that i

t

Is, fromone dictionary anyway, seening likely to be

true or able to be believed.

A Yes.

Q I s that your understandi ng of the
definition of plausible?

A | think I"musing it in the latter

definition.

Q Abl e to be believed?
A Yes.
Q Okay. So | just want to nake sure when |
hear it | understand what you're saying.
Okay. The -- the -- the telltale signs of
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a gunshot or a weapon that you wote about in sone of
your papers, we don't have an analysis here in this
project to tell us any of those things, do we?
MR TINSLEY: (Cbject to the form

BY MR MOSS:

Q In other words, to try to identify one gun
ver sus anot her gun?

A. Your use of the term”telltale,” | think
what | would -- if | were using that term | would
ordinarily be thinking about subtle details that

m ght indicate difference fromone firearmto

anot her.

Q Exactly. And you did use that termin a
paper you w ot e. Is that right?

A Yes.

Q You did use that term And that's exactly
what |I'"'mreferring to. You analyzed a nunber of
firearns made. I think you had six in your article,

and you were | ooking for not only the sound wave
conponents after a gunshot, whether it was the
initial inpulse or shockwave or whatever, whether it
was a nmuzzle blast or whether it was sone ballistic
conponent or whether it was a nechani cal conponent
fromthe action of the firearmor maybe the ejection

or punpi ng of a shotgun, these are all telltale signs
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you descri bed. Is that correct?
A That's correct.
Q None of that was in play in your analysis

her e. Ri ght ?

A Not -- there was no question asking
specifically about that. | think in the report | do
mention that there are other sounds besides the
gunshots that | cannot determ ne what they m ght be.
But havi ng knowl edge of the telltal e sounds, |ike an
ej ected spent cartridge inside the cabin of a
vehicle, it's -- again, |I'll use ny term pl ausi bl e
that that would make a clink if it hit the dashboard
or -- or sonething like that. So there are other
clicks and pops and -- and sounds in the background
that again to ne could be attributable to those
telltale types of sounds.

Q And | realize that in your witten report
you didn't refer to telltale signs wwth a particul ar
firearm but you did touch on opinions that suggested

that you believed the first 17 shots |ikely cane from

one firearm Is that right?
A That's right.
Q And so these telltale signs that you

suggested i n your paper could have been one net hod of

whi ch you coul d have found that information to be
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i kely. Is that right?

A Concei vabl y, yes.

Q But they weren't in this -- in this
proj ect they were not. Is that right?

A That's right.

Q Because you don't know what ki nd of

weapons t hey were using?

A That's right.
Q Okay. So those of us seeking to rely on
your opi nion need to understand that your -- your

opinions are limted to the infornmati on that you had.
Is that fair?

A That's right.

Q It could have been nore thorough, but it
wasn't nore thorough in terns of analyzing telltale
signs or analyzing reverberation or echo or | atency.
It could have been -- you could have done those
t hi ngs, but you didn't do those things. Right?

A Yes. I was responding to the specific
forensi c questions | was asked.

Q Okay. In your analysis did you utilize
any autonmated detection algorithmto say, hey, that's
a gunshot ?

A. No.

Q So your -- your detection of a gunshot was
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fromyour critical listening and from your visible
depiction in the spectrogram and the anplitude graph.
Is that right?

A That's right.

Q But there are algorithns to identify

gunshots in your report, software al gorithns?

A Yes.
Q Okay. Do you recall when you anal yzed t he
digital voice recorder that you could have -- that

you found that you could have a tinme snearing of up

to 25 mlliseconds?
A. I would have to -- it's been awhil e since
| wote that paper, but I'll -- yes. There's -- can

be tine del ay associated with the codi ng and those

t ype devi ces.

Q And so when you're | ooking at tinme del ay
in coding devices -- and you're welcone -- |'ve got
the paper if you would like to see it, but I'm--

I'll represent to you at |east for that Jd ynpus
report that you anal yzed, it was as nuch as 25
m | |iseconds.

A Yes. | probably should refer to that
paper, and not go on ny nenory.

Q Sur e.

A If you would like ne to look at it, I'11
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be happy to.

Q Well, you're welcone to ook at it, but
don't -- | don't have to have you look at it for ny
next question, but | don't want you to think that I

won't show it to you.

The point is, there could be tinme snears,
you call it. Is that right? | have a paper entitl ed
"@unshot Recordings fromDi gital Voice Recorders.”

THE REPORTER: l"msorry. You need to
speak up.

BY MR MOSS:

Q | have a paper entitled "Gnshot
Recordings fromDigital Voice Recorders.”™ | only
have one copy right here. Let ne try and find
anot her copy because |'ve highlighted this one.

M. Tinsley mght not want you to have that one.

MR TINSLEY: | don't care.

BY MR MOSS:

Q "1l hand you ny copy. "1l hand you ny
copy, and I'll suggest to you that --

A Okay. | can look it up if you want.

Q -- page 3 of the article. You can

di sregard mny hi ghlighti ng.
A Ckay.

Q Do you recogni ze the article?
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A Yes. So this is froman audi o engi neeri ng
conference in London in 2014, so 11 -- 11 years ago.
And you said page 3?

Q Page 3, up in the left-hand side. I think
in that particul ar device, you're suggesting that
there was a tine snear conponent that you were -- it

was al so autonmatic gain control that you were

referring to, but the timng is what I"mreferring to
now.

A Okay. So the circunstances here is in --
on page 2 of this. In Figure 1 1'"m showi ng a
recording we nade of a G ock 19, 9-mllinmeter

handgun, and this recording was nade. And the term|
use here i s anechoi c. So you' ve nenti oned
reverberati on and echoes and things |like that. So an
anechoi ¢ neans no echo recording. So in order to
obtain a recording like this, it has to be recorded
In a very special circunstance that there are no
reflections of sound.

Q W de open pl aces?

A Yeah. So you get just the -- the nuzzle
bl ast of the gun and none of the reflections. And as
is typical for these firearns, the actual nuzzle
bl ast of the gun without the reflections only | asts

about two m |l i seconds. It is just (indicating).
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And, in fact, we often have -- earw tnesses, people

wll say it didn't sound like a gun. Al | heard was

pop, pop, pop, pop, pop. And it's like, well, that'
what a real gun sounds like that isn't in a novie or
sonething like that. So it's an extrenely short
report.
So in this paper what | was conparing is

t he known sound of an anechoi c recordi ng of that
d ock 19 handgun to a real recording that was made
with this meno recorder. And | think the
circunstance here was -- yeah. The recorder is
pl aced three neters fromthe handgun, ni ne degrees
off axis fromthe nuzzle. And so we end up with a
recording, and it has that initial two- or
three-m | lisecond pop of the gun and then this
additional nmaterial, which | think was ultinately
your question, which is that it sneared out or has
this additional energy that's present that's beyond
that initial onset of the -- of the firearm

Q And -- and that's anal ogous to the
additional energy that's showing up in Figure 1,
isn't it --

A Yes.

Q -- in the anplitude graph?

A Yes.

S
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Q Then these devices -- ny question was
about a -- a tine snear, and you got a little bit off
topic in your explanation. But at |east in that
el ectroni c device, you suggested on the third page
that there could be as nmuch as a 25-mllisecond tine

snear, which is a deviati on between actual tine and

the tinme it was encoded. Is that fair?
A Well, what I"mreferring to here is that
the MP3 encoder -- we've been tal king about this

per ceptual coder, and the way it operates is it uses
what's called a frame. So we're taking the original

audi o recorder, and we're breaking it up into short

pi eces.

And ny statenent here is that sone of
those pieces are 25 mlliseconds long. So the
encoder is looking at a 25 mllisecond, a little
snapshot, if you will, of the signal and then maki ng

its decision about audibility and what to include in
the encoder file. GCkay? So that's the fram ng of
t he encoder.

And what | end up with then is the
conclusion |later here where it appears to be spread
over a five- to ten-mllisecond span. So that's the
point at which the timng would cone in, is that

five- to ten-mllisecond spread. So instead of
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getting a single two -- two-mllisecond inpul se that
we get fromthe dock, we're getting sonething that'
stretched out in tinme by five or ten mlliseconds.
Q So it's a distortion to the actual sound
wave -- is that right -- because of the encoder
t echnol ogy?
A Yes.
Q That was the point of the paper. R ght?
A Yes. And so as | nentioned in the report
and | probably nentioned to M. Tinsley, it's not
i deal to have an MP3 audi o recording. It would be
better to have a higher quality unconpressed audio
recording. But | didn't get to nake that choice,
SO --
Q Well, | understand and |'mnot -- |'m not
being critical. In fact, | enjoyed readi ng your

paper .

S

But the -- the -- the cautionary | anguage

here is you got to be careful when you rely upon

t hese type of recordi ngs because you' re not seeing

necessarily what actually occurred. Is that fair?
MR TINSLEY: (Cbject to form

BY MR MOSS:

Q Dependi ng on what your anal ysis paraneters

are?
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A Yes. You have uncertainty due to that

aspect of the recording you identified correctly

t here.

Q Now, when you took the sound graph,
anpl i tude graph, and you -- | believe you -- maybe in
not exactly these words, but | believe you manually

exci sed your interpretation of one shot fromthe next

in your Figure 4. Is that right?
A Yes.
Q So you took the graphical information, and

you deci ded where one gunshot ended and one began.
Is that right?

A I was identifying where they began, and
then | chose a tine interval | ong enough to enconpass
visually what appeared to be all of the report of
that particul ar shot.

Q So it would be fair to say there's sone
margi nal error in your interpretation of the
graphi cal depiction of the sound waves that you
undertook? Is that right?

MR TINSLEY: (Cbject to the form
BY MR MOSS:

Q We're tal king about m croseconds, would it

be fair to say, with sone margin of error? Right?

MR TINSLEY: Cbject to the form
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THE W TNESS: | didn't do any conpari sons
at the m crosecond | evel, so --
BY MR MOSS:

Q | thought | understood your testinony was
you zooned in very closely on these things down to
the -- what was your scal e because it's not on here?

A Yeah. So each of the shots in that
recording, | would have to look a -- back at the
original to see what that rough duration is. It's

anal ogous to that figure that you were | ooking at in

the -- the prior paper.

Q Ckay.

A So I'"'m-- I'mthinking it's maybe the
total duration of that is -- well, | shouldn't guess,
but it's 50 -- 50 to 100 m | li seconds.

Q Okay. So if there's a 50- to
100-m I lisecond margin of error, would --

A No. It's not a margin of error. That's
the duration of that picture of the waveform " m

identifying the first sanple of that waveform and
that's -- in this case we had a

44, 100- sanpl e- per-second sanpling rate. So it's
limted by the sanpling rate about how nuch it can --
can pick that up.

But each of those recordings is nany,
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many, many sanples. That's all of that --

Q Correct.

A -- in the figure you showed ne, all of
t hose detail s.

Q But where you got stunped between shot

seven and ei ght was only approxi mately 64

mlliseconds. Right?

A Yeah.

Q That was the question that |'ve been
pondering. So that's -- we're certainly within the
margin of the 64 mlliseconds in this interpretative
data. Is that right?

MR TINSLEY: Cbject to form

THE WTNESS: Well, yes. W can see -- in
that picture you can pick out visually and -- and
even audi bly, you can hear the difference at that
| evel .
BY MR MOSS:

Q Ckay. I want to talk to you about this

suggesti on of what mnm ght have been pl ausi bl e
i mpul ses, maybe froma firearmfired sone di stance
away outside the truck. And | would |like you to | ook
at your report on page 12 if you woul d.

Are you there?

A Uh- huh.
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Q That's Fi gure 8. I think it's one of the
exhibits that M. Tinsley had marked.
MR Tl NSLEY: | think it was 13 -- or 12
iIs Figure 7.
M. MOSS: vyou're right. 13 is Figure 8.
Thank you, Mark.
BY MR MOSS:
Q Plaintiff's Exhibit Nunber 6, can you take

a look at that? You identified three of these
| owfrequency i nmpul ses that you said pl ausi bly coul d

be a shot taken froma firearmthat was outside the

cab of the vehicle where the m crophone was. I s that
ri ght?

A That's right.

Q Ckay. And -- and you tal ked about what
pl ausi ble was. It could be believed, but you're not

-- you're not suggesting with any kind of certainty

that that was a gunshot. Fair?
A That's fair.
Q What struck me about the report and your

depiction is you prepared three of these. Right?
And one was between the inpul se that you

| abel ed 18, which woul d have been anal ogous to the

18t h shot that you detected that you thought was a

shot for certain. R ght?
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And shot 17. Is that right?
A That's right.
Q And then one was between shots 25 and 267
A Yes.
Q And one was -- one was between 26 and 27.

Is that right?

A Yes.

Q So in your report is there any particul ar
reason why you chose this tine span to expand the
spectrogram and t he sound wave graph to just only
this period of tine?

A Well, the question had been about whet her
there are sounds in the background that woul d
correspond to gunshots from outside of the cabin of
t he vehi cl e. So what | did during the entire span --
rel evant span of the recording, which is what was
shown in Figure 1, so between shots 1 and 29
basically, was to use ny critical |istening, to | ook
at the waveform and then to | ook at the spectrogram
to try to discern is there any background sound in
that span that | could interpret as being -- whatever
the comment was -- the sound of a gunshot from
outside the cab of the vehicle in which the nobile
phone recordi ng was nade.

So to do that task, I"'mlistening very
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carefully again, not trying to hear the foreground
sounds, which are obvious, but |listen for those
background sounds. And the only place that | had a
percepti on of sonething that -- to ny ear and to ny
eye woul d possibly correspond to a gunshot outside of

the vehicle is this span that's indicated there.

Q So you -- in your report on page 12, you
had sone low -- and I'Il be happy to publish it and
you tell ne if | got it right, but you' re welcone to

| ook at this paragraph.

It says "Finally, | discern several
i mpul si ve audi bl e sounds that have a | ow frequency
enphasis that could possibly be attributed to a

firearm di scharged from sone di stance away fromthe

vehicle in which the recording is made." |Is that
ri ght?
A Uh- huh. Yes.
Q And that's what we're tal ki ng about here.
That's the -- that's the plausibility word you used?
A Yes.
Q I want to ask you about this statenent.

First and forenpst, how nany are the several that you
referred to?
A Well, I've identified specifically three

that | circled the spectral response and i ndi cat ed
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wth the arrows and then | have a coupl e sounds
around slightly before and slightly after shot 20
that |1've indicated with question marks in that
figure, and that's again because trying to separate

t hi s background sound I'mlistening for fromthe

f oreground | oud sound of the recording, | was not
confident that | was going to be able to do that with
any great success, SO --

Q When you were listening critically, were
you listening in realtine speed or did you slow it
down for your critical |istening?

A | was listening in realtine speed, but I
listened to different | engths of the recording.

Q So realtinme speed but you turned the
vol une down, though. R ght?

A Yes.

Q So you were listening in realtine speed,
and you detected these three that you graphed, but
you said in your report there were several. You
didn't say there were three. Is that fair?

MR TINSLEY: (Cbject to the form

THE WTNESS: Yes. | don't think I was
trying to be deliberately confusing there. | have
three specific ones that are identified and then

those question marks to indicate while there's other

129

Charles Fisher Court Reporting
442 East Mendenhall, Bozeman MT 59715, (406) 587-9016

86.€09¢dI¥20Z#3SVD - SY3T1d NOININOD - AHHOH - INd ¥7¢:€ L uerl 9¢0¢ - d311d AT1VIINOHLDO3 13



© 00 N o o b~ w N P

[ = S S T
w N Bk O

14
15
16
17
18
19
20
21
22
23
24
25

Robert C. Maher, PhD, PE

information there, that | was not able to tease out
because of the overlap with the foreground sounds.
BY MR MOSS:

Q Wll, let's talk about the -- the visua
I ndi cati on of these | owfrequency i npul se that --
t hat plausi bly coul d be anot her gunshot. Wat about
the -- the anplitude graph or what about the
spectrogram visually indicates to you that these
pl ausi bly coul d be anot her gunshot -- another gun
froma di stance outside the cab of the truck where

the recordi ng devi ce was?

A So what | would be | ooking for there is ny
expectation that I would want to di scern the
characteristics of a firearmnuzzle blast. And those

characteristics are very short duration, a high
anplitude in frequency extent. And their --
dependi ng on the position and di stance, what high
anpl i tude and what those other differences are is
going to vary sonewhat. But that's what | was
| ooking for in this recording and |listening for,
woul d be a sonic report that to ny ear and to ny eye
and to the spectrogram woul d have t hose expected
characteristics of a -- of a gunshot.

Q So we get a bright vertical line on the

spectrogram t hat i ndicates broad frequency, right, a
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| ot of energy across the frequency band?

A That's right.
Q And we get a very short i npul sive
anplitude on the visual -- the black and white

diagram -- right, the anplitude graph?

A Yes.

Q And you picked up these three visually as
bei ng plausibly a gun from-- fired from anot her
vehi cl e?

A Well, I -- I listened to them | observed

that there was an indication in the tinme waveform
and then | observed that the spectrogram had this
energy going right down to | ow frequency as nore of a
thunp kind of a sound. And all of those attri butes
together led ne to that di scernment that these are
pl ausi bl e as di stant gunshots.

Q You -- you -- you nentioned | ow frequency
a couple of tinmes. Again, you said |low frequency in
t he sentence of your report that | read. Wat
frequency are you tal king about in ternms of hertz?

A So the -- when | say |ow frequency, |I'm
t hi nking things down in the range -- the | ow perhaps
200 hertz. So | would be saying fromzero to maybe
100 hertz, that's what | would consider | ow

frequency.
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Q And how high -- how hi gh does your
| owfrequency threshold go? For exanple, 1,000

hertz, could that be considered | ow frequency --

A I would start to consider that to be hi
frequency. So for ne it's -- it's in that 100 to
hertz range, would be what | woul d consi der | ow

frequency in this context.

Q Okay. So on the anplitude graph, which
t he bl ack-and-white drawing there in Figure 8, you
see what | ooks |li ke a nodule or a node on the grap
It's very | ow anplitude. Right? At the -- at the

three locations that you indicate could have been

i mpul sive --

A Yes. On this scale they -- they are nu
much qui eter than the | ouder gunshot reports.

Q And -- and -- and if they were indeed a

firearmfired fromoutside of the seal ed, encl osed
vehi cl e, you woul d expect themto be nmuch |ower in
anplitude. R ght?

A That's right.

Q So if you could turn back to Figure 1

you have that in front of you?

A Yes.
Q WIl you get it in front of you? This
the sane -- or the data that's in Figure 8 was tak

gh
200

is

h?

ch,

do

is

en
132

Charles Fisher Court Reporting
442 East Mendenhall, Bozeman MT 59715, (406) 587-9016

86.€09¢dI¥20Z#3SVD - SY3T1d NOININOD - AHHOH - INd ¥7¢:€ L uerl 9¢0¢ - d311d AT1VIINOHLDO3 13



© 00 N o o b~ w N P

[ = S S T
w N Bk O

14
15
16
17
18
19
20
21
22
23
24
25

Robert C. Maher, PhD, PE

fromthe sane anplitude graph that you depict in

Figure 1 except it's zooned, if you wll. I s that
ri ght?

A That's right.

Q And Figure 8 is -- is a snapshot in tine
of the discontinuumin Figure 1. Is that right?

A That's right.

Q Sane thing for the spectrogram it's the
sane data, but it's a -- it's a tine snap or a

zooned-in portion of the spectrograph in Figure 1.
Is that right?

A Yes.

Q When | | ooked at Figure 1, Doctor, | saw

nunerous ot her of these | ow anplitude nodules with a

correspondi ng bright vertical |line or a brighter
vertical line that you didn't reference that's
pl ausi bly a -- a sound wave that could have cone from

a gunshot froma far away gun outside of the vehicle
cabi n.
But there are sone here, aren't there?
There are others besides three, aren't there?
A Well, again, the techniques of audio
forensic analysis are not | ooking at a picture |ike
this and making a decision. So |I'm conbi ni ng

critical listening, to | ooking very carefully at the
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wavef orm and then | ooking at the spectrogram So
it's the conbi nati on of those things that woul d | ead
to a conclusion. So there are a variety of inpulsive
sounds in this recording, which when listening to
them sound to ne |like they are a plink sort of sound,
which I mght think, well, that is nore likely a
spent cartridge casing hitting the dashboard or a
pi ece of glass falling or -- or sone other sound |ike
that but don't to ny ear and eye and then on the
spectrogram have the characteristics of those of a
gunshot sound.

So, for instance, when you're | ooking at
Figure 8, |I've got an identification of a possible
gunshot, the one on the right in that figure. And
just to the left of that one there's a | ouder sound
that has a -- based on the visual conparison, would
be very simlar, but you can see it doesn't have the
| owfrequency characteristic. And when listening to
that, again, it's -- it's nore of a -- a plink sort
of sound, a high-frequency enphasis, where the
gunshot sounds woul d have nore of a -- a
| owfrequency thunp sort of enphasis.

So that's just one exanple of things that
we don't want to try to nake a concl usi on based on

just one of the observations. W want to conbi ne the
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di fferent anal ysis techni ques.

Q And so obviously you would agree with ne
that | can -- | can | ook at the sane spectrogramt hat
you | ooked at. I can | ook at the sane anplitude
graph that you can |l ook at, but | cannot critically
listen to the sane sounds you critically listened to
and necessarily draw the sane concl usi on. I s that
fair?

MR TINSLEY: (Cbject to the form
THE WTNESS: Just like | said with ny

i ndi cati on of what the -- the subjective
transcription is, | can't say ny ears are sonehow
better than yours. So |l -- | -- I'"'msaying this
subjectively is what |I' mhearing, and that's what |I'm

reporting.
BY MR MOSS:
Q And it is subjective?
MR TINSLEY: (Cbject to form
THE W TNESS: In the case of sonething
li ke a transcript or in the case of conbining these
different effects, it's as presented here using those
t echni ques.
BY MR MOSS:
Q Let me show you a page out of ny report

that |I'm | ooki ng on. It's page 5. "Il showit to
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you. |'ve circled other of these | ow anplitude yet
I mpul si ve characteristics on the anplitude graph.
And t hey have corresponding bright or brighter to the
background anplitude vertical lines in the
spectrogram
Can you take a |l ook at that for ne pl ease,

the ones |'ve circled?

A So, again, it would not be an audio
forensic analysis sinply to circle stuff on a graph.

Q Agreed. Agreed.

A It would not be considered an appropriate
scientific approach.

Q But do you see what |'mtal ki ng about ?

A Well, | see that you circled sone things
on the graph, but it's not a scientific approach.

Q well --

A If you were ny student, | woul dn't accept
t hat as evidence of anything.

Q Wel'l, I'"mnot your student, but | am a
| awyer asking you questions. WII you hold the
docunent, pl ease. In every scenario that 1've
circled, isn't there a correspondi ng brighter
vertical line in the spectrogranf

A Looks |i ke those are inpul sive sounds,

yes.
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Q They' re i nmpul sive sounds of sone kind?

A Yes.

Q And fromthe spectrogram we know they're
broad i n frequency range. Is that right?

A Yes.

Q VWhich is what a gunshot is, right, broad

f requency range?
A Well, the thing that's incorrect is that

you're asserting that those could only be shotgun

sounds.
Q No. I"'mnot -- |I'mnot --
A They could be a clink. They could be a

click. They could be any nunber of things.
Q |''m not asserting --
A So you're not asking ne to do a task that

is reasonable for ne to do.

Q ' m not asserting to you they're gunshot
sounds, but | do have a question. Wuld you count
t he nunbers -- the nunber that 1've circled?

A Well, it's your report. You can count
t hem

Q Well, there's 11 I'll submt to you.

A Ckay.

Q Do you know how nmany expended bul |l et

casings were found in M. Spivey's truck?
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A No.

Q Well, coincidentally there were 10 found,

plus there was additional 1 found when the truck was

taken hone by his famly, so 117?

A So is that an audi o forensic question that

you're posing to ne? Is it a question that could be

answered from audi o forensi c evi dence?

Q My question is, if there were 11 expended

bul |l et casings that we know fromthe physi cal
evi dence whi ch you woul dn't have, |I'm going to ask

you to accept that as a fact.

We know there were 11 .45-cali ber expended

shell casings or bullet casings, and we know t hat

there are 11 of these brighter vertical lines on the
A Well, we don't know that. You as an
advocate have circled 11 things on here. | have no

I dea what those are.
MR TINSLEY: Can | see?
MR, MOSS: Sure, you can.
THE W TNESS: Yeah.
BY MR MOSS:
Q So nmy question -- 1'll wait for a mnute

-- a nonent.

My question is sinply this. O these that
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I circled, what about the spectrogramor the
anpl i tude graph would indicate to you the three that
you' ve described in Figure --

MR TINSLEY: 8 was the one you were
aski ng about.
BY MR MOSS:

Q -- Figure 8? What about the three that
you described in Figure 8 make it plausible that
t hose could be gunshot sounds from a di stant gun
outsi de the cabin where the recordi ng devi ce was and
t hese others could not plausibly be a gunshot?

A So |I've explained the -- the principles of
audi o forensic analysis, which is using a conbi nati on
of critical listening, |ooking at the waveform at
different scales and so forth, and | ooking at the
spect rogram

It appears what you have done is sinply
circled sone little white indications on the chart.
So you're asking a question that |I'm not prepared to
answer because you're not using the techni ques of
audi o forensi c anal ysi s.

Q Per haps you - -

A I f you found shell casings, | don't know
if those casings were attributable to this incident.

Maybe they had been in the vehicle before. | nean,
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this is

not expertise | have. So none of the

i nformati on you've given ne is -- is posed as a

proper audi o forensic question, so |I'mnot able

really answer this.

Q
fact.

A

Doctor, 1've asked you to accept thi

Wll, | -- 1 can't accept this as fa

You' re asserting sonething |I don't know.

Q

For the purposes of this question, |

asking you to accept this fact, that there were

spent .45-caliber shell casings found anongst

M. Spivey's --

A

Again, that's not an audi o forensic

question. You're -- you're asking ne a concl us

wth facts that are not relevant to ny type of

Well, haven't you di scussed earlier

anal ysi s.
Q
me t hat

your audi o forensic anal ysis woul d have

yield to the physical evidence?

A

yi el d.

|l've said that -- | didn't -- didn't

| said that that is another area of exp

t hat presunably you're going to talk to another

expert about, not an audio forensic anal ysis ex

Q

ask you,

The purpose of ny question |I'm goi ng

I was very -- | wasn't asking you for

to

S as

ct.

''m

11

i on

W th

to

say

erti se

pert.
to

a full
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anal ysis froman audio forensic engineer. Wat | was

asking you --

A That's what |'m here for, though.
Q Well, right now you're here to answer ny
questi on. | asked you to | ook at the anplitude graph

only and the spectrogram only. Ckay.

A Yes. But | -- again, that's not what I
woul d do as a scienti st.

Q Well, okay. Hunmor nme and do it for the
pur poses of this question. Wat is different about
the three that you' ve singled out for Figure 8 that
you said plausibly could be a gunshot and these ot her
ni ne that have simlar characteristics in the
anplitude graph and in the spectrogran? And | am
asking you to confine your response only to anplitude
graph and the spectrogram

MR TINSLEY: (Cbject to form

THE WTNESS: Well, again, | -- | cannot
answer that because the training |I have and experti se
I have invol ves audio forensic analysis. You're
asking for sone sort of interpretation of -- of a
graph, and it's not sonething I'mtrained to do.
BY MR MOSS:

Q Well, haven't we tal ked about your

interpretation of the spectrogram and anplitude graph
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since we' ve been tal king?

A No. We've been tal king about the
t echni ques of audi o forensic analysis, which involve
critical listening, which involve wavef orm anal ysi s,
and whi ch i nvol ve spectrum anal ysis. And you're
saying now we're not going to do critical |istening.
W're -- we're just going to use these other
techniques. And so that's not a scientific question
t hat you shoul d be aski ng.

Q There are three -- three conponents to

your analysis. One was the spectrographic anal ysis,

one was the waveform anal ysis, and one was critical

listening. Is that right?

A That's right.

Q In fact, you actually cited themin the
reverse order that | just stated.

A. Because ordinarily critical listening is

done first.
Q And two of these |I've posed a question
about and you can't answer it?
MR TINSLEY: (Cbject to form
BY MR MOSS:
Q | posed a question expressly based on the
spectrographi c anal ysis and t he wavef orm anal ysi s,

and |'ve subnmtted -- |I've asked you to accept as
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fact there were 11 shell casings of .45-caliber type
that were found in M. Spivey's vehicle and around
his vehicle. |1've asked you to accept that as a fact.
And so you're telling ne without the third
conponent of the analysis, you can't answer that
questi on. Is that -- is that fair?
A That's fair.
MR TINSLEY: (Cbject to the form
BY MR MOSS:
Q Okay. Whuld it be fair to say if you went
back and listened critically, that you m ght
i nterpret other conponents of these other nodes

differently than you did when you |listened to them

bef ore?

MR TINSLEY: (Cbject to the form

THE W TNESS: Hypot heti cal |l y, goi ng back
through this, I'mconfident that the procedure that I

used | would repeat now, you know, several nonths
later, and I am confident that the concl usions woul d
be the sane.
BY MR MOSS:

Q Okay. Do you recall fromM. Tinsley's
e-mails that he inforned you there were 10
.45-cal i ber bullet casings found in and around

M. Spivey's truck?
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A | don't recall that, no.
Q Okay. WIIl you accept ny assertion to you
there was e-mail correspondence between you and

M. Tinsley that you provided to ne?

A Ckay.
Q Okay. Knowi ng that, does that change
anyt hi ng about your unw |l ingness to answer the

question limted to the spectrogram and the wave
anal ysi s?

MR TINSLEY: (Cbject to the form

THE W TNESS: No. | -- | don't think
tal k about any, a count of shell casings in ny
report. It's not rel evant.
BY MR MOSS:

Q OCkay. Well, you have -- you have stated
very clearly today that you -- in your report you
wote it's likely that the first 17 of the inpul sive
anpl i tudes that you saw that you said were gunshots

cane fromthe sane weapon, you assign that as a

l'i kel iness, right, in your report expressly?
A Yes.
Q Today | think there was sone suggestion it
m ght be nore than |ikely. | want to be cl ear about
this.
Are you -- are you expressing with any
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kind of scientific certainty in your analysis that
the first 17 shots were fired from one weapon?

A The indications fromthe forensic
analysis, the critical listening, the waveform
anal ysis, and the spectrum anal ysis does not indicate
any distinction between those first 17 shots on that
basi s.

Q Ckay.

A So seeing no difference, ny indication
woul d be based on that scientific approach, that
those 17 shots were likely fromthe sanme firearm

Q Wul d it change your opinion of that
indication if you were to | earn that no weapon
involved in this whole scenario would hold 17 shots
In capacity?

MR TINSLEY: (Cbject to the form

THE W TNESS: Again, |'msure that would
be sonething that would be -- would be brought up.
I'"'m giving the statenent based on the scientific
anal ysis of the acousti cs.
BY MR MOSS:

Q Well, the scientific analysis can't
suggest there are 17 shots fired fromthe weapon when
it didn't have 17 bullets in it, can it?

A Again, | don't know what the weapons were
145
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i nvolved in this case. | don't know there's a
limtation on the nunber of shots.

Q Okay.

A So |l don't -- I"'mnot bringing in this

extraneous evidence to the acoustical anal ysis.

Q So if this --

A As an advocate, |I'msure you'll bring thi
up.

Q | have to.

A Yeah.

Q I nmean, do you think it's reasonable for

me to bring up that a gun won't hold 17 bullets, yet
you're telling me that one gun fired 17 shots?
MR TINSLEY: (Object to the form
THE WTNESS. Well, | don't know. Maybe
there was a rel oadi ng of anmuniti on. I don't know
t hat .
BY MR MOSS:
Q Did you hear it in your critical --
A There's evi dence of --
Q A rel oadi ng?
A -- other sounds in the background here
that | cannot attri bute what they were for, as |I've
expl ained in the report.

Q Ckay.

S
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A Isn't it possible that a nmagazi ne m ght
have been rel oaded? | don't know. It's not
sonething I know fromthe acoustical analysis, but it

seens pl ausi bl e.

Q Wthin this tine frame?
A well --
Q Wthin five seconds while shooting is

goi ng on?

A Wth sonebody who knows how to handl e
firearnms? | don't know. Again, this is not ny area
of experti se.

Q So you will not agree with ne that your
anal ysis could be wong if a gun won't hold as nany
bull ets as you suggested had been fired within a --
was it a three-second w ndow?

MR TINSLEY: (Cbject to the form
BY MR MOSS:

Q Si x- second wi ndow? You woul d agree with
me, wouldn't you, that if -- if the testinony and the
evidence that's presented at trial was such that one
of the shooters only fired 14 rounds, it would not be
possi ble for the sanme gun to have fired 17 rounds.

Is that fair?
MR TINSLEY: Cbject to the form

THE W TNESS: | can say that based on the
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acoustical analysis, other than this question about
t he shots seven and ei ght, which seemvery, very

cl ose together in tine, acoustically | can't

di sti ngui sh anyt hi ng bet ween these shots.

BY MR MOSS:

Q Very well. So the fact that you can't
di sti ngui sh acoustically doesn't nean that the first
17 rounds were fired by one gun, does it?

A | believe ny statenent here is that they
are likely fromthe sane firearm because |I'm not able
to distinguish a difference between them

Q But in reality you don't know, do you --

MR TINSLEY: Cbject to form
BY MR MOSS:

Q -- that they were fired fromthe sanme gun?
A | have not said that they were fired from
t he sane gun. | said that based on the fact that

there's no distingui shing acoustical features, it is
li kely that they canme fromone firearm That's the
exact statenent in the report.

Q That is the exact statenment in your
report. But here today in the testinony elicited by
M. Tinsley, you seened to indicate a little nore
confidence in that statenment than what you put in

your report. Do you stand by what is in your report?
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A Yes.
Q Okay. As opposed to what was testified to
here today?
MR TINSLEY: (Cbject to form
THE WTNESS: Well, | believe |I've been
very consistent in ny testinony here today, at | east
that was the intention.
BY MR MOSS:
Q Okay. That was the intention. Ckay.
Now, would it change your opinion or analysis in any
way if you learned that the two firearns that were
fired in the cab of the truck with the recording

device were identical in make and nodel and barrel

| engt h?
A Again, | don't have any way of know ng
that fromthe acousti cs. "' m conparing the

acoustical reports of the sounds, and |'ve
di sti ngui shed that the sounds 1 through 17 have
acoustical features different than the renmai ning
sounds on the recording. And |I've expl ai ned that
there's a variety of reasons why that could be.

Q You have done that. You' ve been
consistent. But -- but nmy question was, would it
change your analysis or opinion on that particul ar

point if you could accept, because you have | earned
149

Charles Fisher Court Reporting
442 East Mendenhall, Bozeman MT 59715, (406) 587-9016

86.€09¢dI¥20Z#3SVD - SY3T1d NOININOD - AHHOH - INd ¥7¢:€ L uerl 9¢0¢ - d311d AT1VIINOHLDO3 13



© 00 N o o b~ w N P

[ = S S T
w N Bk O

14
15
16
17
18
19
20
21
22
23
24
25

Robert C. Maher, PhD, PE

that the two vehicles -- or the two weapons that were
fired in the cab of the vehicle that had this
recordi ng device were identical in nmake and nodel and
barrel | ength?

A Not hing i n ny acoustical analysis is based
on a particular firearm

Q Okay. Gkay. You don't have enough data

in your acoustical analysis to conpare any particul ar

firearm Is that fair?
A That's correct.
Q Okay. The digital voice recorder that you

wr ote about, do you think it's reasonable to assune
it's conparable to -- a m crophone unit and the
encodi ng algorithmunit would be conparable in your
opi ni on or would be reasonable to assune it's
conparable to the m crophone -- the integrated

m cr ophone and the recording algorithm-- or coding
algorithmin a nobile phone?

A The thing that | would expect is that I
beli eve that that paper about the digital voice
recorder was nore than ten years ago, and probably
t he device was even older than that. So technol ogy
has i nproved considerably in the 10 or 15 years since
that -- that paper was witten.

So |I'm expecting that a nore contenporary
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nmobi | e phone should -- you know, if that be what was
used, woul d probably have a higher quality audio
systemthan would be in a digital voice recorder from
a decade ago.

Q But for the observation of the cal endar,
you don't know, do you?

A | don't know.

Q Okay. | n your paper you wote it's
i nmportant for forensic exam ners to understand the

strengt hs and weaknesses of the audi o recordi ng

systens used in nobile audio recorders. |Is that
fair?

A Yes.

Q And that's -- that's -- you wote it and

you agree with it. Ri ght ?

A Yes.

Q But you don't know the strengths and
weaknesses of the audio recorder used here because
you don't know anything about it. R ght?

A Well, I know that the quality of the
recording is sufficient to be able to determ ne these
vari ous paraneters, and | can understand the speech
and so forth. But as | believe I've noted in ny
report, that it is an MP3 recording, and -- and so

there are limtations associated with that that are
151

Charles Fisher Court Reporting
442 East Mendenhall, Bozeman MT 59715, (406) 587-9016

86.€09¢dI¥20Z#3SVD - SY3T1d NOININOD - AHHOH - INd ¥7¢:€ L uerl 9¢0¢ - d311d AT1VIINOHLDO3 13



© 00 N o o b~ w N P

[ = S S T
w N Bk O

14
15
16
17
18
19
20
21
22
23
24
25

Robert C. Maher, PhD, PE

wel | known.

Q And you wote in your report that there
were no distinctly identifiable audi bl e gunshot
sounds ot her than your 29 obvious shots. You wote
it in this report.

But if you -- if another audio forensic
exam ner were to engage in the sane three conponents
of critical listening, waveform anal ysis, and
spectrographi c analysis and cane to a different
concl usi on about that, can you state necessarily
they're wong, or do you think there m ght be sone
subj ecti ve conponent about what they critically hear
and what you critically hear?

MR TINSLEY: (Object to the form

THE W TNESS: It's conceivabl e that
different exam ners would differ in their approach
and -- and naybe transcribe words differently or
sonething like that. So if they're using the
scientific principles that | describe in ny book and
that | have used in this case, | would be pretty
confident that they would conme to the sane
concl usi ons.

BY MR MOSS:
Q Okay. Just to wap up, | want to ask you

to concede with me a couple of things, if you wll.
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WIll you concede wth ne that you cannot
identify with certainty in this case from what your
analysis is limted to which individual fired which
shots in this case?

MR TINSLEY: (Cbject to the form

THE WTNESS: That's right.

BY MR MOSS:

Q Okay. Fromthe audi o al one, you just
can't do that. |Is that fair?

A Yes.

Q Now, you have done that in other

ci rcunst ances where you' ve had nore data to determ ne
-- you actually wote a paper on where you tried to
det erm ne who shot first. | think I got it right
here on the desk. Because you had nore information.
Is that right?

A Yes.

Q Okay. And would you confirmw th ne you
were not given any other data than the audio
recordi ngs that you referenced earlier, the three
that cane from Attorney Tinsley?

A. That's correct.

Q Okay. Can you confirmwith me, wll vyou,
t hat your analysis did not attenpt to and certainly

does not and cannot establish the legality or
153
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justification of any party's conduct in this case?
MR TINSLEY: (Cbject to the form
THE W TNESS: Ri ght. It does not.

BY MR MOSS:

Q Okay. Wuld you agree with ne that your
work in this case -- your analysis in this case is
much | ess conprehensive than in nunerous of the
situations that you wote papers about --

MR TINSLEY: (Cbject to form
BY MR MOSS:

Q -- where you had nore informtion?
A It probably wouldn't be the way | woul d
characterize it. Wen | do a scientific paper, which

I think if you're referring to ny publications,

| argely those are experinents where I'min control of
t he circunst ances. | know the type of firearm
know t he ammuni ti on. |"ve calibrated the m crophones
and so forth. Those are very special types of
situations. This is not one of those situations in
this case.

Q Fair enough. Now, under our |aw in South
Carolina, do you understand that a witness who is
going to be qualified as an expert w tness, nust have
per sonal know edge about the subject matter they're

testifying on. And while you have extensive personal
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know edge about audi o forensic analysis, your ability
to analyze is limted to the informati on you have.
Is that fair?

MR TINSLEY: (Cbject to the form

THE WTNESS: That's correct.

MR MOSS: Ckay. I think I'"'mthrough wth
my questi ons, Doctor. | appreciate your tine and
attention. M. Martin may have sone.

MR MARTIN. | do. Doctor --

THE VI DEOGRAPHER: Deb, can you hear hi nf

MR MARTIN Let ne nove and switch, get
nearer to the m crophone.

Doctor, you' ve been going for sone tine
now, do you need a break?

THE W TNESS: Thanks for aski ng. ' m
doi ng good.

EXAM NATI ON

BY VR O MARTI N

Q Al'l right. Doctor, as | said, we've been
-- we've been at it for sone tine. You've been asked
a lot by both of these other |l awers, and so a | ot of
ground has al ready been covered. So I'mgoing to try
to be as brief as | can. Ckay?

A Well, | admre the professionalismof

ever ybody i nvol ved. It's been good.
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Q Well, thank you. And |I think sone of this
has been covered, but it just flows with ny |ine of
questioning, so if it has, if you'll just -- just
answer it.

But prior to -- prior to receiving the

recordi ngs, you didn't receive any background

i nformati on about this case before you conducted your

anal ysis, did you?

A
Q

No.

Did you do any independent research on

your own about any infornmation or circunstances back

surroundi ng this case?

A
Q

No.

Okay. You did not review any physical

evidence in the case before conducting your analysis?

A.
Q

ei t her

No.

Si nce conpl eting your anal ysis have you

on your own or having been -- it having been

provided to you, reviewed any additional physical

evi dence, any evi dence what soever in this case?

A

No. Al that has happened is |'ve seen

sone headlines related to this case.

Q
A

Q

Haven't we all ?
well --

Okay. Just in general, how nmany hours Fm¥56
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day woul d you say on average do you dedicate to the

critical listening of audio for forensic purposes?
A It really varies from day-to-day. My day
job as a professor I do in --
Q Ri ght .
A -- alot of things related to ny teaching

and so forth. At any given session where |I'm doing
critical listening, it would probably be maybe 30

m nutes at a time, would be a good interval.

Q Ckay.

A And in the course of this -- preparing
this particular report, | could |Iook at ny invoice
and see, but | -- I -- it was several hours of -- of

conbi nati on of the analysis that went into this.
Q You said several hours. When you say
several hours, that's not several hours of critically

listening to the audio. That's a conbination of all

of the techni ques we' ve been tal ki ng about. I s that
ri ght?

A That's right.

Q Okay. What exactly -- could you descri be
your |istening environnent and the playback system

used for the anal ysis?
A Yes. | typically do the critical

listening using a pair of -- | believe they' re Denon
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headphones, and | use a conventi onal personal
conputer with a sound card init. And sone of the

listening | do is open air wth | oud speakers, but

nostly critical listening |"mdoing with -- with
headphones.

Q And sone of this we talked about a little
bit, but 1'"'mgoing to -- I"'mgoing to buzz through it

real quick.
Were you aware that the recordi ng was nade
frominside of a 2022 white Dodge Ram 1500 TRX truck?

A No.

Q Okay. Were you aware that that specific
vehi cl e was equi pped with ANC or active noise
cancel | ati on systenf

A No.

Q Were you aware that that vehicle al so
featured acoustic gl ass and enhanced door seals
specifically designed to reduce external noise
entering the cabin?

A No.

Q Were you aware that foam and danpeni ng
pads are used t hroughout that specific vehicle to
further reduce noise and vibration | evel s?

A No.

Q Were you aware that the cabin of the
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vehi cl e was secure during the recordi ng? And what |
nmean by that is there's nothing open. The doors are
cl osed. The wi ndows are closed. The sunroof is
closed. It's a seal ed cabin.

A I did not know that, but, again, nothing
in the anal ysis of the acoustics would nmake that a
sur pri se.

Q Okay. Wuld it have -- given the fact
that you were asked to anal yze specifically, can we
identify any gunshots com ng from outside of the
cabin? Does that natter to you at all? |Is that an
i nportant piece of information to have, sone of those
things that 1've just |isted?

MR TINSLEY: (Object to the form

THE WTNESS:. The -- | guess what | woul d
say there is that | was asked about, in the second
part of your forensic question, whether there were
any audi bl e gunshots that could be attributed to be
outside the cabin. And as you saw from ny
conclusion, | couldn't conclude that --
BY MR O MARTI N

Q Ckay.

A -- to be true. So possibly one of the
expl anations for that would be the acousti cal

properties of the vehicle, but, again, that didn't
159
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enter into the report.

Q Right. And | guess that's sort of what
I"'mgetting at is, would those noi se reduction
features on that vehicle inpact your ability to
det ect sounds originating outside the cabin such as a
gunshot from sone di stance away?

A | think yes. A reasonable person -- and |
consi der nyself a reasonabl e person -- would figure
t hat woul d have an effect, yes.

Q Okay. Speaki ng about -- conti nuing on
this line with facts of the case, were you aware that
M. Spivey was at |least 75 feet away fromthe white
truck that Wel don Boyd and Kenneth WIlIliams were in,
the truck the recordi ng was being nade in, was at
| east 75 feet away?

A The description that -- that | was working
wth was 35 to 40 yards --

Q Ckay.

A -- | guess would be the description. So
-- so it wuld be -- the estinate woul d be greater
than 75 feet --

Q Ckay.

A -- based on that assunption, but |I've not
seen any diagrans or crinme scene information.

Q Okay. So -- and he tal ked with you about
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this alittle bit, but there were 11 -- were you
aware that there were 11 shell casings found in and
around M. Spivey's vehicl e?

MR TINSLEY: (Cbject to the form

THE WTNESS: No. As we discussed, | had
no need for that information, and that was not
pr ovi ded.
BY VR O MARTI N:

Q Okay. Were you aware that there was an
additional 20 shell casings |located in and around the
vehicle in which this recordi ng was nade, Wl don
Boyd' s vehicl e?

A No, | was not.

Q Ckay. So in total of all, we've got --
there's 31 shell casings, which would indicate at
| east 31 shots were possibly fired. Is that correct?

MR TINSLEY: (Cbject to the form

THE WTNESS: Well, you're asking a
question that again is outside ny audio forensic
expertise. Shell casings, ny understanding is it's
not clear sonetines when they actually were fired.

BY MR O MARTI N

Q Let's assune --
A They coul d have been from a previous
i nci dent, you know, weeks -- weeks before.
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Q Right. And so --

A O coul d have picked sone up at the scene.
Who knows?

Q Right. But I'"'mjust -- just a reasonable
person, not in an audio forensic capacity, we' ve got
an active shooting scene here. W've got 11 shell
casi ngs surroundi ng one vehicle. W've got 20
surroundi ng anot her vehicl e.

It would be logical to draw t he

assunption, if you add those up, we've got 31 fired

rounds.

MR TINSLEY: Cbject to form

THE WTNESS: So yeah. From an audio
forensic standpoint, |I'mcounting 29 audi bl e gunshots
in the --

BY MR O MARTI N

Q Well, and that's where | kind of -- that's
what gets ne to ny questions here is there is other
evidence. As you noted in your report, you' ve got to
| ook at evidence. You' ve got to | ook at photographs,
crinme scene, interviews, you know, | ook at what the
police have done to try to supplenent and to try to
get a conplete picture of everything that has gone
on. So in doing that you've cone up with 31 shell

casings. It's entire -- but you said you only
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identified 29 clearly audi bl e gunshots on the
recor di ng. Ri ght ?

A That's right.

Q Okay. And you attribute all 29 of those
gunshots as having originated frominside of the
cabin, if | understood your prior testinony
correctly?

A Yes. That woul d be a correct

interpretation of the report.

Q Okay. And you were not -- you were only
able to -- you weren't able to identify any audi bl e
shots that came from outside of the vehicle. I s that
correct?

MR TINSLEY: (Object to the form
THE W TNESS: Yes.
BY MR O MARTI N
Q Okay. So to see what |I'mgetting at with
this, we've got M. -- you were not then able -- it
is clear that M. Spivey fired his weapon at | east

10, 11, possibly 12 times based on the evidence --

A. | don't know.

Q And | understand -- | understand your
answer you don't know. ' mjust saying the evidence
is -- is -- there's evidence there to indicate that.

Yet you cannot identify a single gunshot on the

163

Charles Fisher Court Reporting
442 East Mendenhall, Bozeman MT 59715, (406) 587-9016

86.€09¢dI¥20Z#3SVD - SY3T1d NOININOD - AHHOH - INd ¥7¢:€ L uerl 9¢0¢ - d311d AT1VIINOHLDO3 13



© 00 N o o b~ w N P

[ = S S T
w N Bk O

14
15
16
17
18
19
20
21
22
23
24
25

Robert C. Maher, PhD, PE

recording that cane from outside of the vehicle. S
that right?

MR TINSLEY: (Cbject to the form

THE WTNESS: That's correct.
BY VR O MARTI N

Q Okay. So it's entirely possible given the

information |'ve just given you that there were
gunshots that were fired at the beginning of this
recording, during the mddle of it, at the end, at
any point during this whole recording, it is entirely
possi bl e that there are gunshots being fired that you
are not able to pick up?

MR TINSLEY: Cbject to the form
BY VR O MARTI N

Q | denti fy?

A Yeah. I can't answer sonething | don't
know. And so what | do know is that out of the audio
recording, |I'"'mable to identify 29 shots that are

attributable to being in the vehicle where the
recordi ng was nade.
Q And none fromthe outside?
MR TINSLEY: Cbject to the form
THE W TNESS: Ri ght .
BY VR O MARTI N

Q Okay. You did state in your report at one
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point -- and | just wanted to ask you about it
because | didn't quite understand it, but you stated
In your report that the occupant's speech or
utterances did not indicate any gunfire prior to the
identified in-cabin shots at 3:33.95. Wat exactly
do you nean by that?

A All I was wanting to get across is | -- |

didn't hear a statenent of, ooh, he hit us, or, ooh,

there was a shot or we've been -- you know, there's a
hole in the wi ndshield or sone statenment |ike that.

Q Okay.

A So that's all | was referring to there. I

didn't encounter any utterance by the occupants that

was i ndicative that there had been a gunshot.

Q Whul d you agree necessarily though that
the -- you have |listened to the audi o. "' m assum ng
you listened to it |like ne over and over and over
agai n.

And you even wote it on your report where
it says "This dude has got a gun. He's got a fucking

gun. Fol |l owed by: "Back up, Weldon. Back up. Put
it in gear. Back up."

And then you can tell that the inflection
in the voices were rising. Wuld you agree with

t hat ?
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A Il would agree with that.

Q Okay. Wuld you -- wouldn't you agree
wth nme that that audio right there before the --
clearly the audi bl e gunshots began would -- why
they' re not saying bullet or gun or fired, would you
not agree that those words indicate that sone sort of
event is occurring?

MR TINSLEY: (Cbject to form
BY VR O MARTI N

Q That they are perceiving sonething at that

poi nt ? Maybe don't know what. Can't say what.

MR TINSLEY: Cbject to the form

THE WTNESS: Yes. | think that -- that
Is what | would say, yes.
BY VR O MARTI N

Q Okay. Could the yelling and shouting
I nside of the cabin of that vehicle have interfered
with your ability to accurately detect | ess prom nent

sound from outside the car?

A. It could have interfered.
Q And | think you may have answered this
question already, but I'mgoing to ask it once agai n.

Wul d the type of firearm have any bearing on your
anal ysi s being used and being able to detect

sonet hing from outsi de of the cabin?
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A The type of firearm woul dn't change the
anal ysi s, but physically that could change the
audi bility or the sound | evel.

Q For exanple, if it was a -- a supersonic

weapon versus a subsonic, the rounds being fired,

woul d that make a difference in -- and |I' mjust
gener al | y aski ng. In -- in your line of work in
anal yzi ng gunshots, especially in -- given these

particul ar circunstances, if a weapon is firing
subsoni ¢ rounds or supersoni c rounds, woul d that
affect the detectability of gunshots at all?

MR TINSLEY: Cbject to form

THE W TNESS: It could conceivably affect
it. The supersonic ammunition, the bullet itself, as
It travels through the air creates a shockwave under
certain circunstances that can be detected on a
m crophone. So you could have a situation in which
there woul d be a conbi nati on of the supersonic
shockwave report and then the nuzzle blast of the
gun.
BY MR O MARTIN:

Q Okay. Have you ever anal yzed or studi ed

t he accuracy of gunshot sound detection under these
exact sane or simlar circunstances before?

MR TINSLEY: Cbject to the form
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THE WTNESS: Talking to engineers, it's
al ways hard to say what "exact" neans. So are you
referring to gunshots --

BY MR O MARTI N

Q VWhat |I'mtal king about is -- is -- is al
-- all of these -- all of these factors that we've
sort of tal ked about and that have been di scussed,
the fact that you got sonebody with a weapon that is
30 to 40 yards or 75 feet or nobre away, inside of the

cl osed cabin of a vehicle that is equi pped wth noise

canceling or -- or acoustic danpeni ng technol ogy, |
nmean, that's what -- these exact circunstances.

A. No.

Q Ckay. Do you acknow edge, Doctor, that it

I's possible even if you believe it may be unlikely or
not that there coul d have been gunshots undetected in
your anal ysis of the recordi ng?

MR TINSLEY: (Cbject to the form

THE W TNESS: It is -- it is technically
possi bl e, yes.

MR O MARTIN. Doctor, | think M. Moss
has covered just about everything else that I would
ask you. So that would be all of ny questions for
you. Thank you so much.

EXAM NATI ON
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BY MR TI NSLEY:

Q Very brief. So one of the last points
M. Martin was nmaking, this idea that -- your
critical listening, is there an indication that
sonebody is being fired at. If you | ooked at page

13, your Figure 8, sonebody says "fuck" during the

m ddl e of the sequence, that's the kind of thing

you're -- you're tal king about?
A. I*ve included that reference there because
there's a -- an audible factor in this particul ar

section, and that was ny subjective interpretation of
what soneone sai d.

Q Right. 1 nean, we know it's during a
shooti ng sequence. But | nean, you don't hear any --
any | anguage |i ke that or anything fromthem ot her

than he's got a gun prior to the first audible

gunshot . Correct?
A That's correct.
Q Al'l right. And now, you conplinented
M. Moss on being a -- a zeal ous advocate and he is a

zeal ous advocate. And, you know, he was givVving you
sort of a hard time on Figure 1, page 5, where he had
circled the nunber of gunshots that he found, the 11
gunshots he circled. Do you renenber that? Maybe we

need to see his --
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A Yes. | remenber that.

Q All right. And for the record because he
didn't mark it, if he circled 11, 10 of those were
after the first audi bl e gunshot. Do you recall that?

Maybe you need to see it again. Do you want to see
It again? Here.
A Yeabh. If it's a question like that, 1"l
need to see it again.
Q Sur e.
MR TINSLEY: And maybe we can just --

we'll just mark that page if that's okay, Kenny, or a
copy of that. W'Ill nmake -- nmark that as -- that
will be 9.

(Wher eupon, Exhibit 9 was
mar ked for identification.)
THE W TNESS: Yeah. Again, |I'mreal
hesitant to --

BY MR Tl NSLEY:

Q Well, I"mjust asking -- |'mjust
asking --
A -- maki ng a comment about circles on a --

on a printed page.
Q Oh, | under st and. But -- but the circles
that he indicated that he saw, ten of those are after

the first audi bl e gunshot. Is that correct?
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A. Yes.
Q And -- and what that figure is, is
essentially a representation of -- and in sunmary

fashion of a lot of information that if we zoomin

on, if we change the scale, we can see it better, can

we not ?
A Yes.
Q | mean, that -- when you perforned your

acoustical analysis, you're not |looking at a figure
froma mle away. You're -- you' re zoom ng in and

trying to listen and see what you actually see.

Correct?

A Yes. That's -- that's how a forensic
analyst will -- will work.

Q That's right. And -- and, in fact, if you

| ook on page 7 of your report, Figure 2, which is

Exhibit 2, you see there we are nore zooned in on
what' s happeni ng than we are in the figure that
M. Mbss circled. R ght ?

A Yes.

Q And the node and t he waveform and then the
| i ne he says he sees in the spectrogram you can't
see the line in the spectrogramonce we zoomin say
in -- in Figure 2, can you? | don't know that you --

that you can see it in Figure 1. "' mjust saying
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once we zoomin, it's -- there's no -- there's no
line in the spectrogramthat would be indicative of a
gunshot in your opinion, is there, sir?

A. No.

Q And he talked with you a long tinme about
reverberations and refl ections and surfaces and the
way that gunshot acoustics work. But aren't those
things all reflected in the waveform that you get?

In other words, | assune in the paper
where you' re doing an anal ysis of a shooti ng where
the gun is noving and the shooters are noving and
there are nmultiple shooters, we're going to end up
with waveforns that are dranatically different from
one anot her as opposed to what we narked as Exhi bit
4.

A The expectation would be if the
ci rcunst ances changed, the firearmis pointed in a
different direction, the m crophone noves, a
different firearmis discharged, all of those changes
woul d be expected to be reflected in the recording.
So those differences woul d be di scernible.

Q Right. So the -- so the wave is going to
| ook different?

A Correct.

Q All right. And -- and, in fact, in your
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I ntroduction you tal k about the way that the acoustic
energy is expelled in all directions but prinmarily
the direction the barrel is pointed and that that
energy reflects and hits and naekes its way to

what ever device captures the recording. Fair?

A Yes.

Q And so if -- if -- and you say that. It
is inevitable that the m xture of sound due to the
direct sound of the firearm al one and overl appi ng
acoustic reflections and reverberati on creates a
conplicated pattern. That's what's represented in

Exhibit 4, is it not?

A Yes.

Q A conplicated pattern that has been
captured by this m crophone?

A Yes.

Q And whatever its limtations are, that's
what we have?

A That's right.

Q And that pattern, if we had nultiple
firearns in different orientations that are
dramatically different fromshot 1 to shot 29, we
woul d see a variation of those patterns?

A That woul d be ny expectations, that those

physi cal changes would be reflected in the recording.
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Q But if you have one firearmthat's in
generally the sane orientation to the m crophone, the
acoustical surroundi ngs, neaning inside the cab of
this truck, aren't changing, and its rel ative
| ocation to the m crophone isn't changing, is it your
expectation to a reasonabl e degree of engi neeri ng
certainty that you will end up with waveforns that

are substantially simlar?

A That woul d be the expectati on.

Q And is that what we have in Exhibit 47?

A Yes.

Q Okay. My -- ny |last question, | hope, is

--and | think earlier | m sspoke. On page 10 of
your report -- |I'msorry. It's not 10. Page 9 of
your report, | -- 1 think that -- that | had

attri buted the remai ning 12 shots, but actually shots
18 t hrough 24, not 18 through 29. It's your opinion
t hose shots cane froma different firearmthan what

we see in exhibit --

A Yes.

Q Yeah, I'"'mtrying to renenber -- | think
it'"'s -- it may be 1, the first -- the first 17.

A Yes. The change i n cadence and the

di fferent audi ble character and the different

waveforns | was detecting started at shot 18.
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Q And -- and -- and it's your opinion to a
reasonabl e degree of certainty that 18 through 24 is
nost probably a different firearmthan 1 through 17?

A. Yes. That was the conclusion | cane to
because the wavefornms, the acoustical character, and
the spectral character were different for those shots
than the first ones.

Q And then is it your opinion to a
reasonabl e degree of certainty that the renaining
shots of the 29 are the first weapon?

A No. | think the way | did it in the
report in | ooking at the waveforns, | had the
determ nation that shots 18 t hrough 29 were from --
likely fromthe sane weapon, sane firearm There was
not hi ng di sti ngui shable in those group other than
that they were distinguishable fromthe first 17.

MR TINSLEY: Ckay. All right. I think
those are all the questions | have for you. Thank
you.

MR MOSS:. No. W don't do any recross.

THE VI DEOCGRAPHER: Ckay. That w ||
conclude this deposition. The tine is 4:29 p.m

(Wher eupon, the deposition
concl uded at 4:29 p.m)
SI GNATURE RESERVED.

175

Charles Fisher Court Reporting
442 East Mendenhall, Bozeman MT 59715, (406) 587-9016

86.€09¢dI¥20Z#3SVD - SY3T1d NOININOD - AHHOH - INd ¥7¢:€ L uerl 9¢0¢ - d311d AT1VIINOHLDO3 13



© 00 N o o b~ w N P

[ = S S T
w N Bk O

14
15
16
17
18
19
20
21
22
23
24
25

Robert C. Maher, PhD, PE

DEPONENT" S CERTI FI CATE

|, ROBERT C. MAHER, PhD, PE, the deponent
in the foregoi ng deposition, DO HEREBY CERTI FY, that
| have read the foregoing - 175 - pages of
typewitten material and that the sane is, wth any
changes thereon made in ink on the corrections sheet
and signed by ne a full, true and correct transcri pt
of ny oral deposition given at the tine and pl ace

her ei nbef ore nenti oned.

ROBERT C. MAHER, PhD, PE

Subscri bed and sworn to before ne this

day of , 2025.

PRI NT NAME:

Notary Public, State of Montana

Resi di ng at:

My conmmi ssi on expires:

DF - FOLEY/ SPI VEY Vs. BOYD, W LLI AVS
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CERTI FI CATE

STATE OF MONTANA )
SS
COUNTY OF GALLATIN )

|, Deborah L. Fabritz, Registered Professional
Reporter and Notary Public for the State of Mntana,
residing in Bozenman, do hereby certify:

That | was duly authorized to and did swear in
the witness and report the deposition of ROBERT C
MAHER, PhD, PE, in the above-entitled cause; that the
f oregoi ng pages of this deposition constitute a true
and accurate transcription of ny stenotype notes of
the testinony of said witness, all done to the best
of ny skill and ability; that the reading and signing
of the deposition by the wtness have been expressly
RESERVED.

| further certify that | am not an attorney nor
counsel of any of the parties, nor relative or
enpl oyee of any attorney or counsel connected with
the action, nor financially interested in the action.

IN WTNESS WHEREOF, | have hereunto set ny hand
and affi xed ny notarial seal on this 21st day of
Sept enber, 2025.
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	ways (3)
	weaknesses (3)
	weapon (21)
	weapons (6)
	weekends (1)
	weeks (2)
	welcome (4)
	Weldon (16)
	well-known (2)
	weren't (5)
	what's (7)
	whatsoever (1)
	whereas (2)
	Whereupon (13)
	white (6)
	whole (3)
	Wide (1)
	wider (1)
	width (1)
	William (2)
	Williams (8)
	window (7)
	windows (4)
	windshield (3)
	windshields (1)
	wired (1)
	wireless (2)
	wires (1)
	Wisconsin-Madison (1)
	within (15)
	without (4)
	witness (61)
	witnesses (3)
	word (7)
	words (11)
	work (19)
	working (4)
	works (3)
	world (1)
	worn (1)
	wrap (1)
	wrestle (1)
	write (1)
	writing (3)
	written (12)
	wrong (2)
	wrote (19)

	Y
	yards (9)
	year (1)
	years (7)
	yelling (1)
	yellow (3)
	yield (3)

	Z
	zealous (2)
	zero (1)
	Zoom (6)
	zoomed (6)
	zoomed-in (1)
	zooming (1)
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Figure 1: Waveform and spectrogram of gunshot sounds in Mobile Phone recording (3:33 -
3:58 FET).
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Figure 2: Audio from Mobile Phone recording, 3:19.5 - 3:34.0 FET,
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Figure 3: RMS amplitude envelope for the first 17 audible shots.
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Figure 4: Waveform lineup for first 17 audible shots.
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Figure 7: Waveform lineup for audible shots 18-29.
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Figure 8: Segment of Mobile Phone recording with possible background audible gunshots.
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Figure 9: Segment of Mobile Phone recording following final audible shot.
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Introduction

This report was prepared at the request of Mr. Mark Tinsley, an attorney representing a party in fitigation
in South Carolina. | was first contacted by Mr. Tinsley via email and telephone voicemail on May 8, 2025,
regarding a case in which a mobile phone audio recording containing gunshot sounds was of interest to
his investigation. The audio recording was included as an email attachment. Mr. Tinsley explained that he
was interested in whether the various gunshot sounds in the recording could be analyzed to understand
the shooting sequence and circumstances. He also emailed me a recording that appears to be from a 911
emergency call center audio recording. On May 9, 2025, | spoke with Mr. Tinsley via telephone, and |
agreed to do a preliminary examination of the recording. | performed an initial review of the recording
and sent an email summary of my observations to Mr. Tinsley on May 14, 2025.

Mr. Tinsley requested a telephone consultation on May 15, 2025. During that phone call, | explained my
preliminary review of the recording and answered a few questions about the methods of audio forensic
analysis. Mr. Tinsley explained that three firearms were believed to have been fired at the scene, and he
requested that | prepare a formal report addressing several audio forensic questions. Mr. Tinsley agreed
to my standard consulting rate of $250 per hour, and | estimated that | would require five or six hours to
prepare the report.

It is my understanding that the audio recordings in this case were obtained as part of routine and official
law enforcement and justice activity and are the best available copies of the recordings. | have no prior
knowledge of any other aspects of this case and have no connection to the parties invoived. | have not
visited the scene of the incident, nor have | performed any physical testing of the recording equipment. |
have not done any separate research, nor communicated with anyone about this case except Mr. Tinsley.

This report is organized as follows. First, | provide a brief summary of my qualifications and expertise.
Next, | describe the nature of the audio material and its handling in my laboratory, followed by the specific
observations and findings addressed by my investigation.

Qualifications
My professional Curriculum Vitae (CV) is attached to this report. Please allow me to summarize my
qualifications and professional background in the field of audio forensic analysis.

| am currently a full Professor with the Electrical & Computer Engineering Department at Montana State
University, Bozeman, MT. | have been affiliated with Montana State University since 2002. | am also the
sole proprietor of a consulting firm specializing in audio digital signal processing and audio forensics. This
report is provided under the auspices of my consulting practice, not as an official part of my
responsibilities to Montana State University.

I received the BS degree from Washington University (St. Louis) in 1984, the MS degree from the University
of Wisconsin (Madison) in 1985, and the PhD from the University of lllinois (Urbana-Champaign) in 1989,
all in the field of electrical engineering. My career has also included university faculty positions with the
University of Nebraska-Lincoln and the University of Colorado-Boulder, as well as experience in the digital
audio signal processing industry as an entrepreneur and engineering manager.
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| am a licensed Professional Engineer in the State of Montana (License no. 18993), a Fellow of the Audio
Engineering Society, a Senior Member of the Institute of Electrical and Electronics Engineers (IEEE), and
an Associate Member of the American Academy of Forensic Sciences. | am also a member of the Acoustical
Society of America, the American Society for Engineering Education, and a duly inducted member of the
Eta Kappa Nu, Tau Beta Pi, Phi Kappa Phi, and Sigma Xi professional honorary societies. | publish research
in the field of audio forensics, and | have served as Deputy Editor-in-Chief of the Journal of the Audio
Engineering Society. My academic research includes three successive competitively-awarded grants for
audio forensic research from the U.S. Department of Justice-National Institute of Justice.

I have consulted on more than fifty prior formal audio forensic investigations, and | have analyzed dozens
of evidentiary recordings in the course of my more than 30 years working professionally in the audio signal
processing field. | have previously been qualified as an expert witness for audio forensic analysis in
California, Massachusetts, Montana, Missouri, Pennsylvania, Ohio, Washington D.C., and Texas, and | have
provided sworn testimony in court nine times, and been deposed nine times.

A selection of my publications, book chapters, and presentations relevant to the field of forensic audio
analysis are listed here. My CV includes a complete list of professional publications.

R.C. Maher, "Interpreting user-generated recordings from the Trump assassination attempt on July 13, 2024,"
Proc. 187th Meeting of the Acoustical Society of America—Virtual, November 21, 2024.

R.C. Maher, "Close and Distant Gunshot Recordings for Audio Forensic Analysis," Express Paper 122, Proc. 155th
Audio Engineering Society Convention, New York, NY, October, 2023.

R.C. Maher, "Interpretation of audio forensic information from the shooting of journalist Shireen Abu Akleh,"
Express Paper 22, Proc. 153rd Audio Engineering Society Convention, New York, NY, October, 2022.

R.C. Maher, Principles of Forensic Audio Analysis, book, Springer Publishing, 2018.

R.C. Maher, "Gunshot recordings from a criminal incident: who shot first?" J. Acoust. Soc. Am., vol. 139, no. 4,
part 2, p. 2024 (abstract), April, 2016.

R.C. Maher, "Lending an ear in the courtroom: forensic acoustics," Acoustics Today, vol. 11, no. 3, pp. 22-29,
2015.

R.C. Maher, "Audio forensic examination: authenticity, enhancement, and interpretation,” IEEE Signal
Processing Magazine, vol. 26, no. 2, March, 2009.

R.C. Maher, "Acoustical characterization of gunshots," Proc. IEEE SAFE 2007: Workshop on Signal Processing
Applications for Public Security and Forensics, Washington, DC, pp. 109-113, April, 2007.

R.C. Maher, "Modeling and signal processing of acoustic gunshot recordings," Proc. IEEE Signal Processing
Society 12th DSP Workshop, Jackson Lake, WY, pp. 257-261, September, 2006.

Initial Examination of the Material

As indicated above, Mr. Tinsley made available to me the three audio recordings, entitled
“0_P_Fire F6_19 VoIP_2023 09 09 17 54 42 by Start .wav’,

“New Recording.m4a”, and

“911 1 1694296459608.mp3”".
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It is my understanding that the digital file information | received was copied from the original audio/video
digital recordings. My work is based upon my good-faith assumption that the audio and video material
provided to me in these files represents the best available audio quality of the evidentiary recordings and
are true and faithful renditions of the recordings obtained from the recording devices.

To facilitate my analysis, | transferred the digital files to the hard disk of my laboratory personal computer
and verified that the copied data file was identical to the original data using a bit-for-bit digital
comparison. The software used for my analysis included the commercially available software Adobe
Audition, and signal analysis software MATLAB.

The file “0_P Fire F6 19 VoIP_2023_09 09 17_54_42 by Start_.wav”is astereo (two
audio channels) recording, with duplicate audio in the two channels. The audio sampling rate is 8000
samples per second, 16 bits per sample, with no perceptual compression (.wav file). The file comprises 10
minutes and 17.28 seconds. According to information provided to me by Mr. Tinsley, this recording is from
alaw enforcement dispatch system (911 emergency call center). | refer to this recording as 911 Call Center.

Thefile “911 1 1694296459608 .mp3” is a mono (one audio channel) recording. The audio sampling
rate is 44,100 samples per second, with MP3 perceptual audio compression. The file comprises 8 minutes
and 22.804 seconds. According to information provided to me by Mr. Tinsley, this recording was of a
mobile phone conversation between the driver of a vehicle and the 911 emergency dispatcher. The
recording was obtained from the mobile phone. | refer to this recording as Mobile Phone.

The file “New Recording.méa” is a stereo (two audio channcl) recording. The audio sampling rate is
48,000 samples per second, 16 bits per sample, with MP4 perceptual audio compression. Mr. Tinsley
described this file as being a “time-stretched” version of a portion of the recording
“911 1 1694296459608 .mp3” that an acquaintance of his had manipulated to slow down the time
evolution of the gunshot sounds. Because this recording was altered from the original information, | did
not utilize it for any of my analysis.

| examined the audio portion of the 911 Call Center recording and the Mobile Phone recording using the
Adobe Audition software to observe the recorded waveforms and spectrograms, which are special graphs
depicting the frequency content of the signal as a function of time, as described later in this report. | was
able to identify sounds and utterances by the vehicle driver (identified to me by Mr. Tinsley as Weldon
Boyd), passenger (identified to me by Mr.Tinsley as Kenneth Williams), emergency call center dispatcher,
and sounds from the vicinity of the vehicle. In the Mobile Phone recording | was also able to identify 29
impulsive sounds that appear to be audible gunshots, as discussed below.
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For the remainder of this report, | will express the time scale of each event in terms of file elapsed time
(or FET?), so that the audio signal features can be clearly identified in the data stream. The timing of events
in the recordings differs slightly in terms of FET, i.e., the different recordings are not synchronized.

Preliminary Interpretation

For my preliminary observations | concentrated upon the portion of the recordings corresponding to the
audible gunshots. For the 911 Call Center recording, the time range of interest was 3:07.0 FET to 3:38.0
FET. For the Mobile Phone recording, the time range of interest was 3:29.0 FET to 4:00.0 FET.

For the 911 Call Center recording, the utterances of the caller, passenger, and the 911 dispatcher are
generally intelligible. However, gunshot sounds are not clearly discernable in the call center recording.
This is typical of mobile phone telephone calls recorded at the far end of the conversation, since the
speech coding algorithm of the mobile phone detects and transmits only speech sounds for the telephone
channel. Loud, impulsive sounds such as gunfire are not interpreted as speech sounds by the telephony
coding algorithm, and so gunshot sounds are not conveyed effectively through the mobile telephone.

For the Mobile Phone recording, the audio was recorded directly at the phone and not sent through the
speech telephony coding algorithm and telephone channel. Thus, the sound of gunfire in the vicinity of
the mobile recording device is clearly audible. My preliminary observation of the recording from critical
listening and waveform analysis indicated 29 clearly discernable gunshot sounds, as depicted in Figure 1.

2 4 6810 : 16
173579 11121314 15 1617 182

L A A A

Figure 1: Waveform and spectrogram of gunshot sounds in Mobile Phone recording (3:33 — 3:58 FET).

! File Elapsed Time, abbreviated FET, refers to the time elapsed between the beginning of the file and the point of
interest in the file. The FET is calculated using the audio sample data position in the file, the number of bytes per
sample, and the sampling rate (samples per second). The time between different events in the file can be determined
by subtracting the FET of the earlier event from the FET of the later event. Converting FET to time-of-day requires
knowledge of the precise time-of-day corresponding to the beginning of the file.
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At the request of Mr. Tinsley, | considered the following audio forensic analysis questions:

(1) Can it be determined to a reasonable degree of certainty in the field of audio forensic
analysis whether there are any gunshots audible in the Mobile Phone recording in the
several seconds prior to the first obvious gunshot at 3:33.0 FET?

(2) Can it be determined to a reasonable degree of certainty in the field of audio forensic
analysis whether there are sounds in the background that would correspond to
gunshots from outside the cabin of the vehicle in which the Mobile Phone recording
was made?

To address these questions about the recorded gunshot sounds, it is important to understand several
basic principles of gunshot acoustics.

Gunshot acoustics summary

A conventional firearm uses a confined combustion of gunpowder to propel the bullet out of the gun
barrel. The sound of the rapid combustion is emitted from the gun in all directions, but the majority of
the acoustic energy is expelled in the direction the gun barrel is pointing. The shock wave and related
sound energy emanating from the barrel is referred to as the muzzle blast, and typically lasts for less than
3 milliseconds. The muzzle blast acoustic wave propagates through the air at the speed of sound (e.g., 343
m/s at 20°C), and is partially reflected, absorbed, and diffracted by the surrounding ground surface and
obstacles. Over large distances, the muzzle blast sound may also be attenuated by spherical spreading, as
well as being retracted and attenuated by temperature gradients, wind, and atmospheric absorption. On
the other hand, if the firearm is discharged inside an enclosure, like a room in a building or within the
cabin of an automobile, the recorded sound will be loud and shaped by the acoustical properties within
that enclosure.

Recording an impulsive sound such as a gunshot includes the direct sound from the source traveling
through the air directly to the microphone position, transmission through structures and other obstacles,
early reflections of the sound that appear as discrete reflections off the ground, nearby surfaces, and
other obstacles, and reverberation of the sound that comprises overlapping sound reflections arriving at
the microphone from more distant surfaces and multiple-order reflections. The early reflections and the
reverberation depend upon the acoustical environment where the recording is made, and therefore the
recorded signal will differ if the source and/or microphone are moved between recordings. This inevitable
mixture of sound due to the direct sound of the firearm alone and the overlapping acoustic reflections
and reverberation creates a complicated pattern that depends upon the firearm type, orientation,
acoustical surroundings, and relative location of the microphone.

If the recording microphone is located close to the firearm, the direct sound and initial reflections of the
muzzle blast are the primary acoustical signals and often will be sufficiently loud to overload the recording
microphone. If the microphone is located at a greater distance from the firearm, or if the direct sound
path is blocked by an obstacle between the shooting position and the microphone, the recorded signal
amplitude may be reduced and not sufficient to overload the recording system. With a more distant
microphone location the recording will be dominated by acoustic reflections (echoes) and reverberation.
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Similarly, a recording made inside an enclosure or surrounded by highly reflective surfaces, such as the
location of the incident in this case, will also have significant sound reverberation.

An additional factor for interpreting gunshot sounds is the effect of the recording system and signal
encoding format. Mobile phones, for example, have microphones and recording properties designed to
encode and convey intelligible human speech, and therefore the signal reproduced in a recording may not
represent subtle details of non-speech sounds such as gunshots.

Observations from the audio recording
It is standard practice in audio forensic analysis that particular sound events are identified using a
combination of critical listening of the audio playback, identifying peaks and other features in the time
waveform, and observing the spectrographic display.

Identification 1—Sounds prior to the first clearly audible gunshot at 3:33.0 FET

The portion of the Mobile Phone recording in the span of approximately 15 seconds preceding the first
audible gunshot is shown in Figure 2. The manual transcriptions in the figure are my subjective
interpretation of what was uttered, based upon my critical listening of the recording. | discerned the
utterances of the two individuals in the vehicle, identified to me by Mr. Tinsley as Weldon Boyd and
Kenneth Williams. The utterance of the 911 call center dispatcher is also audible, as indicated.

Firstaudible l .
gunshot

AL S e

Boyd:
This clude’s He's gatz We are at hey hey I'm...I can'tlcan't pul
gol o gun fucking g 1L geal
Williarms: Hey back up Weldon [unintelligible] Put i
back up ek up

917 oparator:
Do youh vaddress
topped at?

Figure 2: Audio from Mobile Phone recording, 3:19.5 - 3:34.0 FET.

The upper portion of Figure 2 (white on black) shows the time waveform of the recording. The amplitude
of the audio waveform is proportional to the loudness of the sound. The lower portion of the figure
(orange hue) is the spectrogram of the audio signal. The spectrogram is a special graph that depicts the
frequency content of the signal as a function of time. The spectrogram is a common representation for
audio signal analysis that presents audio signal energy with the frequency scale on the vertical axis and
the time scale on the horizontal axis. Bright areas represent high energy and dark areas represent low
energy. The spectrogram is produced by calculating the short-time Fourier transform magnitude of
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successive and overlapping short time intervals of the input signal. In the spectrographic view, an
impulsive sound such as a gunshot will appear as a vertical line, indicating that there is energy across
frequency (broad along the vertical axis) but that it lasts for a brief instant (short along the horizontal
axis). Conversely, a continuous hum or tone appears as a horizontal line, indicating that it is confined in
frequency but long in duration.

The first clearly audible gunshot at 3:33.95 FET is seen at the right edge of the waveform and the
spectrogram of Figure 2. The abrupt vertical amplitude in the waveform and the bright vertical line in the
spectrogram denote the gunshot sound. | discern no evidence of gunshot sounds in the interval prior to
that first audible gunshot, based upon critical listening, waveform analysis, and spectrographic analysis.
Had there been a firearm discharged outside the vehicle in which the Mobile Phone recording was made,
it is my professional opinion that the sound of such a muzzle blast would have been audible in the
recording. | found no indication of any gunshot sounds prior to the fist clearly audible gunshot at 3:33.95
FET.

Identification 2—Sounds during and after the prominent interval of gunshot sounds 3:33.0 -
3:58.0 FET

The 29 audible gunshot sounds during the interval 3:33.0 — 3:58.0 FET (see Figure 1) are all of similar
amplitude and spectro-temporal characteristics. While a mobile phone will have limited ability to record
accurately the extremely loud and abrupt sounds of nearby muzzle blasts, and the waveform accuracy will
also be limited by the MP4 perceptual audio coding used during the recording, the Mobile Phone audio
does show notable consistency of the loud, clearly audible shots. The time corresponding to the onset of
each audible shot is given in Table 1.

Time Time
Shot Onset time between [ms] . Shot Onset time between [ms]

1 03:33.950 -~ 16 03:39.492 1061
2 03:34.141 191 17 03:40.014 522
3 03:34.517 376 18 03:40.823 809
4 03:34.674 157 19 03:41.067 244
5 03:34.922 248 20 03:41.293 226
6 03:35.177 255 21 03:41.521 228
7 03:35.351 174 22 03:41.747 226
8 03:35.415 64 23 03:41.984 237
9 03:35.664 249 24 03:42.214 230
10 03:35.876 212 25 03:42.866 652
11 03:36.212 336 26 03:43.969 1103
12 03:36.872 660 27 03:48.597 4628
13 03:37.363 491 28 03:50.146 1549
14 03:37.796 433 29 03:57.428 7282
15 03:38.431 635

Table 1: Timing of 29 audible shots.
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As indicated in Table 1, the time interval between shots is generally at least 150 milliseconds, except for
the timing between shots 7 and 8, which is only 64 milliseconds. That time interval is sufficiently short so
that it could indicate the gunshot reports were from two different firearms discharged almost
simultaneously, or it could indicate some sort of double-shot malfunction of one firearm.

The amplitude envelopes of the first 17 audible shots are shown in Figure 3, and a lineup of the gunshot
waveforms is given in Figure 4. The similarity in amplitude envelope, waveshape, and critical listening
comparison, indicates that it is likely these first 17 audible shots, occurring over approximately 7 seconds,
came from one firearm.

i
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Figure 3: RMS amplitude envelope for the first 17 audible shots.

Following the first 17 audible shots, the next 12 audible shots (18-29) start with a more rapid cadence and
a different audible character. As indicated in Table 1 and shown in the amplitude envelope plot of Figure
5, shots 18-24 have a consistent pace of roughly 230 milliseconds between shots. The pace then slows
considerably for shots 25-29, as seen in Figure 5 and Figure 6. Also, the details of the waveforms shown
in Figure 7 differ in shape and audible character compared to the first 17 shots (Figure 4). The similarity
in amplitude envelope, waveshape, and critical listening comparison indicates that it is likely that shots
18-24 came from one firearm, but a different firearm than shots 1-17.
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Figure 4: Waveform lineup for first 17 audible shots.
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Figure 5: RMS amplitude envelope for audible shots 18-26.
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Figure 6: RMS amplitude envelope for audible shots 27-29.
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Figure 7: Waveform lineup for audible shots 18-29.
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Considering the audio forensic question regarding background sounds of gunshots during and after the
time interval of the clearly audible gunshots (3:33 — 3:58 FET), a few observations can be made.

First, the relatively loud gunshot reports from firearms presumably in the cabin with the recording device
overwhelm much of the audible range, but there are several background sounds of utterances from the
911 dispatcher and from one of the vehicle occupants. Second, there are several impulsive click sounds
that appear to be related to handling the firearms, and possibly the sound of spent cartridge casings being
ejected. Finally, | discern several impulsive audible sounds that have a low-frequency emphasis that could
possibly be attributed to a firearm discharged from some distance away from the vehicle in which the
recording is made. Three of those relatively subtle sounds are indicated with yellow arrows in Figure 8.
Although it is not possible for me to determine the source of those sounds with scientific certainty, it is
plausible that those reports could be attributed to a firearm being discharged from inside the cabin of
another vehicle located “30-40 yards away,” which is the configuration of the shooting scene described
to me by Mr. Tinsley.
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Unidentifiad

Figure 8: Segment of Mobile Phone recording with possible background audible gunshots.

Following the final audible shot 29, | did not identify any additional background gunshot sounds. As shown
in Figure 9, there are a few intelligible utterances, including “Backing up, backing up, backing up” stated
by, | believe, Weldon Boyd. Then Kenneth Williams says “God damn it Weldon, why couldn’t you fucking
leave him alone?” Boyd is then heard saying “Hey help us please,” apparently to the 911 dispatcher.

Last audible
gunshot

Buyd:
Williams: God damn it why couldn'tyou tucking leave Hey help us please

Boyd: Backing up hacking up Weoldon him alone?

backing upy

Figure 9: Segment of Mobile Phone recording following final audible shot.
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Conclusions
The audio forensic analysis questions addressed to me by Mr. Tinsley were:

(1) Can it be determined to a reasonable degree of certainty in the field of audio forensic
analysis whether there are any gunshots audible in the Mobile Phone recording in the
several seconds prior to the first obvious gunshot at 3:33.0 FET?

(2) Can it be determined to a reasonable degree of certainty in the field of audio forensic
analysis whether there are sounds in the background that would correspond to
gunshots from outside the cabin of the vehicle in which the Mobile Phone recording
was made?

Based on both my preliminary and my additional examination and interpretation of the audio evidence
provided to me, and my consideration of the sound characteristics, waveforms, amplitude envelopes, and
spectrographic analysis, it is my opinion to a reasonable degree of scientific certainty in the field of
forensic audio analysis that there are no audible gunshot sounds in the Mobile Phone recording prior to
the first clearly audible gunshot at 3:33.950 FET. In addition to finding no acoustical evidence in the
recording of earlier shots, the utterances of the vehicle occupants do not indicate that any gunfire has
occurred during the interval prior to 3:33.950 FET.

Also based on my preliminary and my additional examination and interpretation of the audio evidence
provided to me, and my consideration of the sound characteristics, waveforms, amplitude envelopes, and
spectrographic analysis, it is my opinion to a reasonable degree of scientific certainty in the field of
forensic_audio analysis that there are no distinctly identifiable audible gunshot sounds in the Mobile
Phone recording other than the 29 obvious shots indicated in Figure 1. Nevertheless, | find that there are
several subtle indications of impulsive sounds that could plausibly be the report of a firearm being
discharged from the cabin of another vehicle located some distance from the vehicle with the recording
device.

While these conclusions from the audio evidence are supported by the methods of audio forensic analysis,
it is clearly necessary for the investigators to examine physical evidence of firearm use, such as spent shell
casings, bullets and bullet holes, gunshot residue, firearms in the possession of suspects, earwitness and
eyewitness reports, etc. My observations are based only on the videos provided to me, and the very basic
background information presented orally to me by Mr. Tinsley.

This concludes my findings regarding the analysis question posed to me by Mr. Tinsley. In the event that
at some point in the future | should receive additional information, clarification, and/or new evidence
related to this investigation, | reserve the right to amend this report to include my findings and opinions
based upon review of the new information.

2t C A

Robert C. Maher, Ph.D., P.E. Date
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audio," Proc. 1994 Asilomar Conf. on Circuits and Systems, Pacific Grove, CA, vol. 2, pp. 1222-1226,
November, 1994,

(13) R.C. Maher, "An efficient scheme for lossy real-time audio data compression," Proc. 1994 Audio
Engineering Society Convention, San Francisco, CA, Preprint #3922, pp. 1-13, November 10, 1994.

(12) R.C. Maher and J.L. Varner, "Laboratory development for digital signal processing education," Proc.
1994 ASEE Midwest Section Meeting, Lincoln, NE, pp. 1-4, March 31 - April 2, 1994,

(11) R.C. Maher, "A method for extrapolation of missing digital audio data," Proc. 1993 Audio Engineering
Society Convention, New York, NY, Preprint #3715, pp. 1-19, October, 1993.

(10) J.W. Beauchamp, R.C. Maher, and R. Brown, "Detection of musical pitch from recorded solo
performances,”" Proc. 1993 Audio Engineering Society Convention, Berlin, Germany, Preprint #3541, pp.
1-15, March, 1993.

(9) D.J. Cheenne, R.D. Kubik, R.C. Maher, and E. Bahar, "Full-wave modeling of the transmission of sound
over theater seats: far field investigation,” J. Acoust. Soc. Am., vol. 92, no. 4, part 2, p. 2347 (abstract),
1992.

(8) R.C. Maher and J.W. Beauchamp, "Frequency tracking of solo and duet passages using a harmonic two-
way mismatch procedure," invited paper, J. Acoust. Soc. Am. , vol. 92, no. 4, part 2, p. 2429 (abstract),
1992.

(7) E.P. Moss and R.C. Maher, 1992, "Synthesis and processing of audible notification and warning
signals," Proc. 1992 Audio Engineering Society Convention, San Francisco, CA, Preprint #3354, pp. 1-10,
October, 1992.

(6) R.C. Maher, "Sinusoidal additive synthesis revisited,” Proc. 1991 Audio Engineering Society
Convention, New York, NY, Preprint #3128, pp. 1-19, October, 1991.

(5) R.C. Mabher, "Computer processing of audio signals by exclusion filters," J. Acoust. Soc. Am. Suppl. 1,
vol. 88, p. 188 (abstract), 1990.

(4) J.W. Beauchamp and R.C. Maher, "Partial synchrony in musical sounds: some recent results using time-
variant spectral analysis," invited paper, J. Acoust. Soc. Am. Suppl. 1, vol. 84, pp. 103-104 (abstract), 1988.
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(3) R.C. Maher and J.W. Beauchamp, "Is there a single vibrato waveform?" J. Acoust. Soc. Am. Suppl. 1,
vol. 83, p. 31 (abstract), 1988.

(2) R.C. Maher and J.W. Beauchamp, "A microcomputer-based demonstration system for acoustics
education" J. Acoust Soc. Am. Suppl. 1, vol. 81, p. 32 (abstract), 1987.

(1) R.C. Maher, J.H. Scandrett, R.E. Crawford, Jr., and K. Grant, "A low-cost digital synthesizer system
for music applications and psychoacoustical research," J. Acoust Soc. Am. Suppl. 1, vol. 77, p. 75 (abstract),
1985.

FORMAL PROFESSIONAL PRESENTATIONS

These are formal, invited lectures for an engineering group, academic seminar, employment interview, or technical meeting.

(70) S. Wettstein, B. LaMeres, P. Gannon, and R.C. Maher, "Implementing a College-Wide Entrepreneurial
Mindset Intervention," workshop presentation, 2024 KEEN National Conference, Austin, TX, February 8-
10, 2024.

(69) R.C. Maher, "Gunshot analysis in audio forensics," invited workshop tutorial presentation,
SoundThinking, Inc., Washington, D.C., May 25, 2023.

(68) R.C. Maher, "How to be a great peer reviewer for the AES Journal," invited workshop tutorial
presentation, Audio Engineering Society 153™ Convention, New York, NY, October 20, 2022.

(67) R.C. Mabher, J. Reiss, V. Valiméki, and B. Kostek, "What does it take to write a paper for the Journal
of the Audio Engineering Society?" invited workshop tutorial presentation, Audio Engineering Society 151"
Convention, Las Vegas, NV, Online, October, 2021.

(66) R.C. Maher, "Courage, Responsibilities, and Obligations: Teaching and Learning Ethics in
Engineering Education," invited lecture presentation, Allan J. McDonald Symposium, Engineering
Courage: Ethics and Professionalism in a Complicated World, Bozeman, MT, October 2021.

(65) R.C. Mabher, "Understanding acoustics and the principles of sound location via multilateration," live
interactive online training course, 6 hours total, Cook County Office of the Public Defender, Chicago, IL,
May, 2021.

(64) R.C. Maher, "Sound Science," live interactive online seminar course, 8 hours total, Osher Lifelong
Learning Institute (OLLI), Montana State University, Bozeman, MT, February, 2021.

(63) R.C. Maher, E. Brixen, K. McElveen, G. Reid, and J. Smith, "What’s that sound? An introduction to
the field of audio forensic analysis," invited workshop tutorial presentation, Audio Engineering Society
149" Convention, New York, NY, October, 2020.

(62) R.C. Maher, "What’s that sound? Audio forensics in 2020," invited lecture presentation, Montana State
University  "Wonderlust" Special ~ Presentation,  Bozeman, @ MT, June 25,  2020.
https://youtu.be/Rux0ZeRbiwg

(61) R.C. Maher, "A half century later, a look back: Apollo 11," invited lecture presentation, moon landing
commemorative  event, Bozeman Public Library, Bozeman, MT, July 20. 2019.
https://www.youtube.com/watch?v=6ZjjxOhPplk

(60) R.C. Maher, "Examining multiple recordings of the same gunshot incident," invited workshop
presentation, Audio Engineering Society International Conference on Audio Forensics, Porto, Portugal,
June 19, 2019.

(59) R.C. Maher, "Blockchain and Cryptocurrency," invited seminar presentation, Quest for Knowledge
Club, Bozeman, MT, April 17, 2019.

(58) R.C. Maher, "Renewable energy: What’s going on with the electrical grid?" video presentation, TEDx
Bozeman, Bozeman, MT, April 13, 2019. https://www.youtube.com/watch?v=0002CeEkn40

(57) R.C. Maher, "A Half Century Later, A Look Back: America in 1968," Montana State University
"Wonderlust" Special Presentation, Belgrade Public Library, Belgrade, MT, March 21, 2019.
https://youtu.be/vt3HxMRthrl
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(56) R.C. Maher, "Advanced Forensics of Gunshot Acoustics," invited seminar presentation, /0x10
Innovation  Roadshow, Montana State University, Bozeman, MT, March 14, 2019.
https://youtu.be/nPE2F4STwQO0

(55) R.C. Maher, "Gunshot Acoustics," invited webinar presentation, Forensic Technology Center of
Excellence, RTI International, February 26, 2019.

(54) R.C. Maher, "Audio Forensics of Gunshot Sounds," invited seminar presentation, Leadership MSU,
Bozeman, MT, February 21, 2019.

(53) R.C. Mabher, "Sounds of Science: Connections Over a Career," invited keynote address, Phi Kappa Phi
Initiation, Montana State University, Bozeman, MT, January 29, 2019.

(52) R.C. Maher, "My Sonic Journey: A Love Story," MSU 994-Calling Seminar, Bozeman, MT,
December 3, 2018.

(51) R.C. Maher "Signal Processing of Acoustic Gunshot Recordings," MSU Applied Mathematics
Seminar, Bozeman, MT, October 25, 2018.

(50) R.C. Maher, "Understanding Soundscape Ecology in Wilderness, Rural, and Urban Settings," MSU
Institute on Ecosystems Rough Cut Seminar, November 8, 2017.

(49) R.C. Maher, "The Science of Sound: Blending Music, Physics, and Engineering," MSU Honors
Program Seminar, February 23, 2017,

(48) R.C. Maher, "Audio Forensics of Gunshot Sounds," invited seminar presentation, National Institute of
Justice Forensic Science Research and Development Symposium, American Academy of Forensic Sciences
69" Annual Scientific Meeting, New Orleans, LA, February 14, 2017.

(47) R.C. Maher, "Research in Audio Forensic Analysis," MSU Office of Sponsored Programs Roundtable,
April 26, 2016.

(46) R.C. Mabher, "Principles of Audio System Grounding and Signal Integrity," invited seminar
presentation, Montana Joint Engineers Conference, Helena, MT, November 6, 2015,

(45) R.C. Maher, "Gunshot Acoustical Interpretation," invited workshop presentation, Audio Engineering
Society 139" Convention, New York, NY, October 30, 2015.

(44) R.C. Maher, "Found Sound: Recording Studio, National Park, Courtroom," invited seminar
presentation, MSU Physics Colloquium, Bozeman, MT, September 18, 2015.

(43) R.C. Maher, "Introduction to academic advising at Montana State University," invited workshop
presentation, 2015 New Faculty Orientation, Bozeman, MT, August 20, 2015.

(42) R.C. Mabher, "Acoustical Fingerprinting," invited seminar presentation, £S23 Executive Summit 2015,
American Board of Recorded Evidence, Santa Barbara, CA, August 7, 2015,

(41) R.C. Maher, "Forensic Audio Authenticity," invited panel presentation, ES23 Executive Summit 2015,
American Board of Recorded Evidence, Santa Barbara, CA, August 7, 2015.

(40) R.C. Maher, "Environmental Soundscape Recording," invited workshop presentation, Third Annual
Research and Creative Activity Symposium, College of Arts and Architecture, Bozeman, MT, January 28,
2015.

(39) R.C. Maher, "Introduction to academic advising at Montana State University," invited workshop
presentation, 2014 New Faculty Orientation, Bozeman, MT, August 21, 2014,

(38) R.C. Maher, "Introduction to academic advising at Montana State University," invited workshop
presentation, 2013 New Faculty Orientation, Bozeman, MT, August 22, 2013,

(37) R.C. Mabher, G. Young, B. Clinton, and J.P. Miller, "The Science of Sound: Decomposing Music,"
invited seminar presentation and live demonstration, Montana State University President’s Fine Arts Series,
Bozeman, MT, March 4, 2013.
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(36) R.C. Maher, "Sounds of silence and sounds of rivers," invited seminar presentations, Montana Institute
on Ecosystems Rough Cut Seminar Series, Missoula, MT, September 17, 2012, and Bozeman, MT,
September 19, 2012.

(35) R.C. Maher, "Introduction to academic advising at Montana State University," invited workshop
presentation, 2012 New Faculty Orientation, Bozeman, MT, August 23, 2012.

(34) R.C. Maher, "Soundscape management: the impact of change on soundscape,” invited workshop
presentation, 2012 Teacher Workshop, Grant-Kohrs Ranch National Historic Site, Deer Lodge, MT, June
13, 2012.

(33) R.C. Maher, "The Science of Sound: Acoustics and Audio Engineering," invited seminar presentation,
Aspen Pointe Speakers Series, Bozeman, MT, September 23, 2010.

(32) R.C. Maher, "Speech Production and Intelligibility," invited seminar presentation, Gallatin Ham Radio
Club, Bozeman, MT, March 4, 2010.

(31) R.C. Maher, "Forensic Acoustical Interpretation," invited workshop presentation, Audio Engineering
Society 127" Convention, New York, NY, October, 2009.

(30) R.C. Maher, "Baseline Sound Monitoring at Grant-Kohrs Ranch National Historic Site," invited
workshop presentation, National Cooperative Ecosystem Study Unit (CESU) Coordinators Meeting, Deer
Lodge, MT, May, 2009.

(29) R.C. Mabher, "Gunshot Acoustics for Audio Forensics," invited workshop presentation, Audio
Engineering Society 125" Convention, San Francisco, CA, October, 2008.

(28) R.C. Maher, "Research Trends in Digital Audio," invited seminar presentation, MSU Physics
Colloguium, Bozeman, MT, January 18, 2008.

(27) R.C. Maher, "Audio Science for Ham Radio Operators," invited seminar presentation, Gallatin Ham
Radio Club, Bozeman, MT, December 6, 2007.

(26) R.C. Maher, "Science and engineering demonstrations and opportunities," general interest PR
presentation, MSU For a Day, Belgrade, MT, November 27-28, 2007.

(25) R.C. Maher, "Acoustical gunshot analysis," invited seminar presentation, Montana Audio and
Acoustics Society, Bozeman, MT, October 24, 2007.

(24) R.C. Maher, "MS or PhD in EE/CS: Should I Go To Graduate School?" invited seminar presentation,
Audio Engineering Society 121° Convention, San Francisco, CA, October, 2006.

(23) R.C. Maher, "Robots for Space Exploration," invited seminar presentation, Laurel High School
seminar, Montana Space Grant Consortium, Bozeman, MT, January, 2006.

(22) R.C. Maher, "A Primer on Microphones and Loudspeakers," invited seminar presentation, Montana
Audio and Acoustics Society, Bozeman, MT, August, 2005.

(21) R.C. Maher, "Robots for Space Exploration,” invited seminar presentation, Winifred High School
teleconference, Burns Telecommunications Center, March, 2005.

(20) R.C. Maher, "Ear Training, Audio Illusions, and Psychoacoustics," invited seminar presentation,
Montana Audio and Acoustics Society, Bozeman, MT, July, 2004.

(19) R.C. Mabher, "Principles of MP3 and Other Perceptual Audio Coders," invited seminar presentation,
Montana Society of Engineers—Bozeman Chapter, Bozeman, MT, April, 2004.

(18) R.C. Maher, "Engineering: Solving Problems, Designing Solutions," general interest PR presentation,
MSU For a Day, Butte, MT, March, 2004.

(17) R.C. Maher, "Nuts and Bolts Introduction to Digital Audio Effects," invited seminar presentation,
Montana Audio and Acoustics Society, Bozeman, MT, January, 2004.

(16) R.C. Mabher, "Technical Report on the 115" Audio Engineering Society Convention," invited seminar
presentation, Montana Audio and Acoustics Society, Bozeman, MT, October, 2003.
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(15) R.C. Maher, "Principles of Perceptual Audio Data Compression," invited seminar presentation,
Research Methods in Engineering Graduate Course, Bozeman, MT, October, 2003.

(14) R.C. Maher, "3-D Audio Using Time Delay, Filtering, and Cross-Talk Cancellation," invited seminar
presentation, Montana Audio and Acoustics Society, Bozeman, MT, July, 2003.

(13) R.C. Maher, "Perceptual Audio Coding: MP3, AC3, WMA, and AAC," invited seminar presentation,
Gilhousen Telecommunications Colloguium, Bozeman, MT, April, 2003.

(12) R.C. Maher, "Digital Methods for Noise Removal and Quality Enhancement of Audio Signals," invited
seminar presentation, Creative Advanced Technology Center, Scotts Valley, CA, April, 2002.

(11) R.C. Maher, "Simulating Spatial Hearing Cues with Digital Signal Processing," invited seminar
presentation, Montana State University, Bozeman, MT, November, 2001.

(10) R.C. Maher, "Essential features and characteristics of digital audio and digital music synthesis," formal
continuing education presentation, AKM Semiconductor, Boulder, CO, July, 1998.

(9) R.C. Maher, "Music from Sinewaves: Applications of Frequency Domain Processing,” invited seminar
presentation, Colorado Section of the Audio Engineering Society, Denver, CO, February, 1996.

(8) R.C. Maher, "Audio Data Compression and Gap Extrapolation," invited seminar presentation, Chicago
Section of the Audio Engineering Society, Chicago, IL, January, 1995.

(7) R.C. Maher, "Fundamental Frequency Estimation for Audio Signals," Communications and Control
Seminar Series, University of Nebraska-Lincoln, October, 1992.

(6) R.C. Maher, "Granulation Noise in Uniform Quantization Systems for Audio," Communications and
Control Seminar Series, University of Nebraska-Lincoln, September, 1991,

(5) R.C. Maher, "Signal Processing Aspects of Electronic and Computer Music," Communications and
Control Seminar Series, University of Nebraska-Lincoln, January, 1991.

(4) R.C. Maher, "Noise Removal and Quality Enhancement in Digital Audio Signal Processing,"
Communications and Control Seminar Series, University of Nebraska-Lincoln, October, 1990.

(3) R.C. Maher, "Some Recent Trends in Digital Audio Signal Processing Research," Communications and
Control Seminar Series, University of Nebraska-Lincoln, February, 1990.

(2) R.C. Maher, "Digital Audio with a Microcomputer," Seminars in Music Computation, University of
Hlinois-Urbana, October, 1987,

(1) R.C. Maher, "The Digital Phase Vocoder," Seminars in Music Computation, University of Illinois-
Urbana, April, 1987.

WHITE PAPERS AND RESEARCH MONOGRAPHS

These are formal articles prepared in response to a specific funding solicitation, a required progress report, or a specific query
by a research sponsor.

(16) R.C. Maher, "Bobcat 4x4: A Critique of Process and Prospects," white paper, Montana State
University, www.montana.edu/rmaher/bobcat_4x4/, 21 pages, February 5, 2018.

(15) R.C. Maher, "Advancing audio forensics of gunshot acoustics," project final report for the National
Institute of Justice, Award number 2014-DN-BX-K034, 48 pages, August 2, 2017.

(14) R.C. Maher, "Report from the Barrier/Gateway Courses Group," task force final report for Provost,
Montana State University, 9 pages, September 30, 2013.

(13) R.S. Maher, "Final Report: Baseline Sound Monitoring at Grant Kohrs Ranch National Historic
Site," project report prepared for Grant Kohrs Ranch NHS, Deer Lodge, MT, 181 pages, September 7,
2012.

(12) R.C. Maher, "Acoustical Detection Research," project final report prepared for General Atomics
Corp., San Diego, CA, 24 pages, January 31, 2008.
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(11) R.C. Maher and Z. Chen, "Compound Classifier Framework for the AAC Birdstrike Project,"
progress report prepared for Advanced Acoustic Concepts, Inc., Hauppauge, NY, 7 pages, November 2,
2006.

(10) R.C. Maher, "Summary of Gunshot Acoustics," white paper prepared for Advanced Acoustic
Concepts, Inc., Hauppauge, NY, 7 pages, April 4, 2006.

(9) R.C. Maher, "Status Report 3: Obtaining Sound Level Metrics From .wav Files Using Matlab,"
progress report prepared for Sanchez Industrial Design, Inc., Middleton, WI, 7 pages, May 16, 2005.

(8) Z. Chen and R.C. Maher, "Bird Species Identification Using Spectral Peak Track Matching," progress
report prepared for Advanced Acoustic Concepts, Inc., Hauppauge, NY, 11 pages, May 1, 2005.

(7) R.C. Maher, "Status Report 2: Obtaining Sound Level Metrics From .wav Files Using Matlab,"
progress report prepared for Sanchez Industrial Design, Inc., Middleton, W1, 10 pages, March 9, 2005.

(6) R.C. Maher "Status Report 1: Obtaining Sound Level Metrics From .wav Files Using Matlab,"
progress report prepared for Sanchez Industrial Design, Inc., Middleton, W1, 9 pages, January 14, 200S.

(5) Z. Chen and R.C. Maher, "Parabolic Dish Microphone Principles and Characteristics," progress report
prepared for Advanced Acoustic Concepts, Inc., Hauppauge, NY, 10 pages, August 12, 2005.

(4) Z. Chen and R.C. Maher, "Atmospheric Sound Propagation Considerations for the Birdstrike Project,"
progress report prepared for Advanced Acoustic Concepts, Inc., Hauppauge, NY, 10 pages, July 28, 2004.

(3) R.C. Mabher, "Acoustical Surveillance," white paper prepared for General Atomics Corp., San Diego,
CA, 5 pages, February 27, 2004.

(2) R.C. Maher, "Obtaining Long-Term Soundscape Inventories in the U.S. National Park System," white
paper prepared for National Park Service Natural Sounds Program Office, Fort Collins, CO, 12 pages,
January 30, 2004.
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{1) R.C. Maher, "Data-adaptive time-frequency fiiters for enhancement of noisy speecn
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paper prepared for Air Force Research Lab, Rome, NY, 9 pages, April 24, 2003.
OTHER PUBLICATIONS

These are formal articles solicited by the editor of a professional publication, or formal scholarly creative products.

(28) R.C. Maher, “The Proof Is Out There,” History Channel television show, remarks as audio forensic
expert, Season 4: episodes 1,3, 4,5, 6,7, 10, 11, 13, 14, 15, and 16. October 2023- October 2024. Excerpts:
https://www.youtube.com/playlist?list=PLI5Pg7McZuiHil A4JJ17z20ecNIPSdG2t

(27) R.C. Maher, "Sonata Quarta in D Major, from Sonatae Unarum Fidium" (1664) by Johann Heinrich
Schmelzer, audio recording, Baroque Music Montana, broadcast nationally on APM Performance Today,
September 18, 2023, December 28, 2023, and March 28, 2024.

(26) R.C. Maher, "Concerto for Oboe in D minor, Op. 9 No 2: Movement 2" by Tomaso Albinoni, audio
recording, Baroque Music Montana, broadcast nationally on APM Performance Today, July 15, 2022, and
October 18, 2022.

(25) R.C. Maher, "Drive the Cold Winter Away and Three Pieces" by Anthony Holborne, audio recording,
Baroque Music Montana, broadcast nationally on APM Performance Today, January 21, 2022, and April
19, 2022.

(24) R.C. Maher, "Money Machine," audio forensics expert remarks, film documentary by Ramsey
Denison, October, 2020. Excerpt: https://youtu.be/HQ8qasTEoSc

(23) R.C. Maher, "Bridger Foothills Fire Perimeter, North Side,” wildfire boundary depiction film with
Google Earth, September, 2020. https://youtu.be/LvwbxnqalbQ

(22) R.C. Maher, "Bridger Foothills Fire Perimeter,” wildfire boundary depiction film with Google Earth,
September, 2020. https://youtu.be/1BliOLxYBds
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(21) R.C. Mabher, "Capriccio sopra dodici note Op. 22, No. 15" by Maurizio Cazzati, audio recording, I-90
Collective presented by Baroque Music Montana, broadcast nationally on APM Performance Today,
February 6, 2020, and May 13, 2020.

(20) Gregory Young and R.C. Maher, "The Hydrologic Cycle: A Yellowstone Soundscape," musical
composition for clarinet and pre-recorded sounds, Faculty Recital, Bozeman, MT, November 21, 2019.

(19) R.C. Mabher, "AES International Conference Report: Audio Forensics—Trust Powered by Science,"
conference review article (uncredited), J. Audio Eng, Soc., vol. 67, no. 9, pp. 840-849, 2019.

(18) R.C. Maher, "AES International Conference Report: Audio Forensics—Finding Signal in the Noise,"
conference review article (uncredited), J. Audio Eng. Soc., vol. 65, no. 9, pp. 762-769, 2017.

(17) Gregory Young and R.C. Maher, "Clarinet for the Birds," musical composition for clarinet and pre-
recorded sounds, Montana/Idaho Clarinet Festival, Moscow, 1D, September 9, 2016.

(16) R.C. Maher, "AES 54th International Conference: Audio Forensics—Techniques, Technologies, and
Practice," conference review article (uncredited), J. Audio Eng. Soc., vol. 62, no. 9, pp. 622-630, 2014.

(15) R.C. Mabher, "AES 46th International Conference: Audio Forensics—Recording, Recovery, Analysis,
and Interpretation," conference review article (uncredited), J. Audio Eng. Soc., vol. 60, no. 9, pp. 718-728,
2012.

(14) R.C. Maher, "AES 39th International Conference: Audio Forensics—Practices and Challenges,"
conference review article (uncredited), J. Audio Eng. Soc., vol. 58, no. 10, pp. 842-852, 2010.

(13) R.C. Mabher, "AES 33" International Conference: Audio Forensics—Theory and Practice," conference
review article (uncredited), J. Audio Eng. Soc., vol. 56, no. 9, pp. 728-739, 2008.

(12) R.C. Maher, "PC audio subsystems: evolution and design," Electronic Engineering Times, Issue 1540,
pp. 36-40, September, 2008.

(11) R.C. Maher, "Musimathics," published book review, J. Audio Eng. Soc., vol. 55, no. 11, pp. 1038-
1040, 2007.

(10) R.C. Mabher, "Boston Marathon Diary," in Big Sky Wind Drinkers Running Club Newsletter, June, 2007.

(9) R.C. Mabher, "Sound System Engineering, Third Edition," published book review, J. Audio Eng. Soc.,
vol. 55, no. 1/2, pp. 90-91, 2007.

(8) R.C. Maher, "Thoughts on Personal Fitness," in Big Sky Wind Drinkers Running Club Newsletter,
December, 2005.

(7) R.C. Maher, "AES 26 International Conference: Audio Forensics in the Digital Age," conference
review article (uncredited), J. Audio Eng. Soc., vol. 53, no. 9, pp. 838-848, 2005.

(6) R.C. Maher, "Running by the Numbers," in Big Sky Wind Drinkers Running Club Newsletter, May, 2005.

(5) R.C. Mabher, "Acoustic Echo and Noise Control: A Practical Approach," published book review,
J. Audio Eng. Soc., vol. 53, no. 5, pp. 457-458, 2005.

(4) R.C. Maher, "Digital Sound Synthesis by Physical Modeling Using the Functional Transformation
Method," published book review, J. Audio Eng. Soc., vol. 52, no. 9, p. 980, 2004.

(3) R.C. Maher, "Concurrent audio using a DSP real-time kernel," Multimedia Systems Design, vol. 2, no.
9, pp.18-23, September, 1998.

(2) R.C. Maher, "Music Processing,” published book review, J. Audio Eng. Soc., vol. 43, no. 1/2, pp. 84-
85, 1995.

(1) R.C. Maher, "A meditation on a theme by Dr. Martin Luther King, Jr.," in "New Electronic Works from
the University of Illinois," LP record album, track 1, May, 1989.











For the remainder of this report, | will express the time scale of each event in terms of file elapsed time
(or FET?), so that the audio signal features can be clearly identified in the data stream. The timing of events
in the recordings differs slightly in terms of FET, i.e., the different recordings are not synchronized.

Preliminary Interpretation

For my preliminary observations | concentrated upon the portion of the recordings corresponding to the
audible gunshots. For the 911 Call Center recording, the time range of interest was 3:07.0 FET to 3:38.0
FET. For the Mobile Phone recording, the time range of interest was 3:29.0 FET to 4:00.0 FET.

For the 911 Call Center recording, the utterances of the caller, passenger, and the 911 dispatcher are
generally intelligible. However, gunshot sounds are not clearly discernable in the call center recording.
This is typical of mobile phone telephone calls recorded at the far end of the conversation, since the
speech coding algorithm of the mobile phone detects and transmits only speech sounds for the telephone
channel. Loud, impulsive sounds such as gunfire are not interpreted as speech sounds by the telephony
coding algorithm, and so gunshot sounds are not conveyed effectively through the mobile telephone.

For the Mobile Phone recording, the audio was recorded directly at the phone and not sent through the
speech telephony coding algorithm and telephone channel. Thus, the sound of gunfire in the vicinity of
the mobile recording device is clearly audible. My preliminary observation of the recording from critical
listening and waveform analysis indicated 29 clearly discernable gunshot sounds, as depicted in Figure 1.
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Figure 1: Waveform and spectrogram of gunshot sounds in Mobile Phone recording (3:33 — 3:58 FET).

! File Elapsed Time, abbreviated FET, refers to the time elapsed between the beginning of the file and the point of
interest in the file. The FET is calculated using the audio sample data position in the file, the number of bytes per
sample, and the sampling rate (samples per second). The time between different events in the file can be determined
by subtracting the FET of the earlier event from the FET of the later event. Converting FET to time-of-day requires
knowledge of the precise time-of-day corresponding to the beginning of the file.
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