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Abstract

System Architecture to Support Model-based Desigh@avelopment of Optical
Cochlear Implants

Market dynamics, technology spin-cycles, and affordability pressurebapmg
development demands for medical devices.Model-based development offers a mmedy f
these pressures, with demonstrated ability to mitigate the complexitgun&d. This
dissertation will examine the program lifecycle for a representatiwenmedical device,
the Optical Cochlear Implant, and will identify high-leverage touchpoints ¢atet
based development. As part of the study, we’ll analyze gaps and possibléoniiga
the field of hearing impairment, including a look at the current frontier of ndsea
hearing aids and cochlear implants. The Optical Cochlear Implant syshenevs
device, which has the potential for an order of magnitude improvement in speltisy fi
over conventional devices. Its projected development timeline spans manyfrgears
point testing in the laboratory, through approval process for limited human testimg, wit
control gates for application to human candidates. In the journey from lab to human
patient, design decisions for medical devices are often made in absemckeistanding
the system-level impacts those design decisions can have on the ultintgtefitle
device. Since medical devices generally demonstrate intense coupling bétevpatignt
and outcome, faulty design decisions are often identified late in the device devalopme
when correction is much more expensive and could trigger a need for re-at@otific
which would drive development timelines even longer. The foundation for model-based
system development of Optical Cochlear Implants is laid with the maulsimulations

developed in this dissertation that extend laboratory measurements itooceslaluate

iv



intelligibility impacts. Specifically, the Cochlear Laser Transductiodel, a physics-
based simulator models tonotopic specificity; the Optical Cochlear ImBiantlator
(OCIS), extends the laboratory measurements via simulation using ulte oéshe
Cochlear Laser Transduction Model; and an off-the-shelf speech recognitio@ Mgl
SPHINX models the human patient impacts via intelligibility assessmB@esults from

the system level modeling and simulation approach indicate that significglhgibility
improvements could be realized with the optical cochlear implant, with potentiaéto off
upwards of 40 channels of spectral resolution compared to 10 channels with electrode-
based implants. The resulting architecture and models allow investigatienioé to
outcome and support design and development of Optical Cochlear Implants. This
dissertation includes analysis of the potential cost savings that could acctodhlse

model-based approach compared to a conventional development approach.
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1 INTRODUCTION

1.1 Overview

Traditional
Lifecycle
Model
[SEBoK]

Medical
Device
Lifecycle
Model
[Pietzsch]

Project Definition Initial Design Final Design Product Launch
Acceptance Acceptance Acceptance Acceptance

Figure 1-1: Traditional Lifecycle Model (from [1]) juxtaposed with the Medical Device Lifecyle
Model (from [2]).

Figure 1-1 shows a comparison of "lifecycle” phases from medical detacatlire
[1] against a traditional lifecycle model as captured in the Systemsdemgig Body of
Knowledge [2]. The comparison establishes that medical device develogmerdeled
on the pharmaceutical development lifecycle, with its heavy emphasis on ayre-pl
laboratory development to market. The medical device lifecycle focuses on Food and
Drug Administration (FDA) approval and ensuring reimbursability, whereagbe
Development, Verification, and Validation — the cornerstones of the tradititewidie
model, are collapsed into one phase with no institutionalized use of supporting Systems

Engineering [1]. The medical device community has common roots with the

1



pharmaceutical community that may account for the medical device community’s
adoption of the pharmaceutical-like lifecycle model. Some of that commonality is
justified. For instance, insurance reimbursement for medical devices does not
automatically follow FDA approval [1]. Medical device manufacturers, like
pharmaceutical developers, must demonstrate markedly better cost artimalec
performance in order to get approved for insurance reimbursement for a gasgots
as opposed to simply proving safety of the device as the FDA requires.

While medical device development does have some factors in common with
pharmaceutical development, it is arguable that medical devices — hardigasve
systems with increasingly more complex embedded software to enhancerfalitgtand
with faster technology spin cycles, stricter regulations, and emphasioraaflity —
have much more in common with defense systems development with their safety and
mission critical elements. Experience with defense system developroges phat
successful development of capability in the most cost-effective fashiorstongaoper
Systems Engineering.

Staron states that even though benefits are being realized by developersewh
model-based approaches, there is still much more to gain [3]. Figure 1-2 sbrows, f
instance, that even among developers who use model-based approaches thely are rar
used in the requirements phase. Unencumbered by decades of traditional Systems
Engineering, the medical device community can leapfrog traditional Sy&iegnseering
approaches and springboard directly into model-based approaches and realize the
associated benefits, which include a smooth path to verification and validation as

required by the FDA. Beyond that, model-based approaches can serve as ngmpelli
2



platforms for outreach to insurers and physicians palpably demonstrattray cos
performance differentiators. Alternately and equally valuable, modetizggeoaches
can accelerate understanding of system-level impacts so that, if thoe tadtnical
capability is not compelling enough, the medical device development carrliell tan
would be possible without the system-level models. Pietzch notes that evenagjeeB St
FDA approval, fully 50% of devices fail [1] so failing early has the potentialdstly
improving cost and allowing the medical device developer to focus its efforts anctese

that have higher return on investment.

Figure 1-2: Percentage of time models are used iaeh phase of the lifecycle (from [3])



Dr Jon Holt identifies the three “evils” of System Engineering as undwaasig
complexity, misunderstanding the system, and failure to effectively comatergcross
boundaries [4]. These evils are exacerbated in Systems Engineering ddlrdedices
due to the tight coupling between the patient and the outcome, and the need for
simultaneous evaluation of system-level and component-level phenomena [5]. i holist
approach leveraging modeling is one way to address these evils, allowing the
identification of complexity through simulation, supporting exploration and profound
understanding at both the component and system levels, and improving communication
amongst all stakeholders.

Since the 1950s, modeling has been used to develop systems but this approach is not
often used in development of medical devices [6]. Market dynamics, technology spin-
cycles, and affordability pressures are shaping development demanusdioal devices
and driving the need to minimize the gap between device design freeze ang deliver
patient.Model-based development offers a remedy for these pressuhnedeminstrated
ability to mitigate the complexity introduced. This dissertation willnex& the program
lifecycle for a representative new medical device, the Optical Codntgdant and how
Model-based development could be applied to enhance device robustness and flexibility
as well as enable more agile design and development. With judiciouscsetscti
enterprise and program strategy and deliberate Systems Engiregrpayted by
component and system-level modeling, Optical Cochlear Implants development could be
streamlined and allow for quicker market entry. By some accounts, 84% of pfajects
or are significantly challenged [7]. Compounding the potential severity of this

observation is the trend towards more complex embedded software in medical devices
4



[5]. For example, proton beam therapy devices, whose advances are viewed to e mainl
hardware innovation, contain over 1 million lines of code [8].

This trend is manifested in cochlear implant development where an increasing
amount of functionality and customization is embedded in software [9]. Ever since the
first human being cupped his hand to his ear in order to better hear the footsteps of an
approaching adversary, mankind has been attempting to improve sound intelligibility
Mitigations for patients experiencing hearing loss falls into two ocaiesy hearing aids
and cochlear implants. A hearing aid magnifies the energy of sound; a cocluksetim
circumvents the damaged Inner Hair Cells in the cochlea and provides diredt neur
stimulation. Electrode-based cochlear implants utilize electriciatstiuce or stimulate
the auditory nerve, requiring the implant to have direct contact with the nerveydestr
residual hearing. Optical cochlear implants do not require direct contactelaitearly
stages of development with open questions about how many channels would be required
to improve intelligibility. Hybrid cochlear implant/hearing aid devices mewoth audio
magnification and electrical transduction. The following section will providaeasis
of the mechanisms of hearing and the disruptions associated with loss of hearing.

1.2 The Human Auditory System and Hearing Loss



_ Basilar
Tympanic Membrane

Membrane .
Cochlea Inner Hair Cell

Pinna

Ear Canal

/

Spiral Ganglion cell

Figure 1-3: Healthy Auditory System

Figure 1-3 depicts a healthy auditory system. The components of the human auditory
system include [10]:

1) The Pinna, which funnels sound into the ear canal,

2) The ear canal, which is the cavity connecting the outer and middle ear,

3) The ear drum or tympanic membrane which carries the sound wave from the ear
canal into the cochlea,

4) The cochlea, which is a helical structure filled with fluid that vibratesnw
exposed to the incoming sound wave

5) The Basilar Membrane, a flap sectioning off the cochlea that vibrateduanth
varying thickness along its length, vibrates at different frequenttifferent

positions along its length.



6) The Inner Hair cells, which serve as transducers that convert eibadtihe
Basilar Membrane into neural stimulation.

To complete the signal chain, the auditory nerve transports the signal from the
neurons stimulated by the inner hair cells to the brain for processing.

When these mechanisms are disrupted, people can become “deaf” or “hard of
hearing” (these terms are preferred by the Deaf community).idglass, up to and
including deafness, can be manifested as monoaural (one ear) or binaural (pathcears
include three types:

1) Conductive hearing loss: blocked transmission from the outer ear to inner ear,

2) Sensorineural hearing loss: Damage to the auditory nerve or cochlea cause

disruption in the neural signal transmission path;

3) Mixed hearing loss: a combination of conductive hearing loss and sensorineural

hearing loss.

Figure 1-4 shows a deafened cochlea with sensorineural hearing loss. Note the
missing and atrophied neural connections. As noted, sound waves may be transmitted
back to the cochlea, but deafness results in this type of hearing loss due taughteodisr

in pathway for transduction and transmission of the signals to the nervous system.



Figure 1-4: Cochlea with Sensorineural Hearing Loss

Because of the spectral frequency specificity of the Basilar Memlmatezl above,
damage to different spatial locations results in loss of an associated bandngf hear
frequencies. Damage closer to the ear canal results in loss of highenttiesy damage
farther from the ear canal results in loss at lower frequencies. Noraraidneaptures
sound between 20 Hz and 20 kHz.

In recent years, hearing loss has emerged to be a significant miiteogra. The top
service-related disability is hearing loss [11, 12], with 1.2 million caseégeowing[13].
This represents a doubling in claims from the number experienced in 2000 [14].
Approximately sixty percent of those warfighterss exposed to blasts irowes suffer
permanent hearing loss[13], resulting in 28 percent of those who served in war zones
returning with diminished hearing [14], compared to 7.3 percent in the overall US
population [15]. There is no cure. While the impacts to service members areargnif

as shown in Figure 1-5, a study by Agrawal et al suggests hearing lp&emere
8



prevalent than initially thought in the general population [15], currentgcafig roughly
31% of the population in the United States.

Some experts expect the affected population to increase, as trends towguat@gin
observed in the population [16] as well as trends toward increased use of personal

listening devices [17].

_“
One Ear Speech ran Lace

Figure 1-5: : Pie Charts Showing Percentage of USdalts with Speech Frequency (left) and High
Frequency (Right) Hearing Loss. Based on data frorf#].

Hearing Aids and Cochlear Implants use different mechanisms to addegsggh
loss. The next section provides an overview of these and highlights the devices’ current
state.
1.3 Auditory Enhancement Devices: Current State of the Field

The development of auditory enhancement devices is depicted in Figure 1-6, based on

information derived from HearingCenterOnline.com and About.com[18] [19].



Cochlear Implant History: Electricity into Sound: First Single Channel Implant: Light into Sound: In 2008,

Based on (Burke, 2009) C 1930s, researchers found 1961 by Dr. William House researchers able to optically
Putting current near ear Stimulate cochlear neurons
Produces sound
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Alessandro Volta: ¢.1790 Djourno anc Lyres. -

Researcher inserts metal rods First acoustic stimulation of a 1984. First FDA Approval of
Connected to a battery into his nerve with an electrode. Multi-Channel Cochlear Implants

Own ears

Figure 1-6: : Timeline for Auditory Enhancement Devce Development.

Current day Digital Hearing Aids, invented in 1984, consist of primarily four

components, as shown in Figure 1-7:

H

) A microphone: Converts sound into electrical signals;

2) Filters: Which digitally process the sound from the microphone to enhance sound
intelligibility — may be customized to individual user impairment;

3) An amplifier: Takes the filtered signal and increases the magnitudieosity;

4) A receiver: Converts the amplified, filtered electrical signaklaio a clean,

louder, acoustic signal that travels down the ear canal. The inner edocells

those that remain healthy) respond to the acoustic signal naturally.

Current day electrode based cochlear implants consist of:
10



1) A microphone: Converts sound into electrical signals;

2) A speech processor: Filters and encodes the electrical signal tizeptim
intelligibility

3) A transmitter and receiver: Receives processed electricalspigmal, spectrally
decomposes and converts into band-specific sound impulses.

4) An electrode array: One electrode for each channel, spaced out acisshtha.
The band-specific sound impulses from the transmitter/receiver are seat to t
appropriate electrode based on which frequency band they represent.

Optical cochlear implants have similar components to the electrode-basézhcoc

implants with the key difference being that instead of an electrode amatria of

minuscule mid-infrared lasers are fixed in the inner ear. The mid-@dfisources are

/ Exterior Transmitter
/ Implanted Receiver/Stimulator

Reference

Electrode Intracochlear
Electrodes

Vocoder

Technology

Microphone, Battery
Pack, and Speech
Processor

Figure 1-7: Electrode-Based Cochlear Implant
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similar to laser pointers fixated on different locations on the basilar mem2@ne

These devices service large populations. Over the 25 years that cochlear implants
have existed, nearly 188,000 patients have been implanted with cochlear implants,
including over 40,000 adults and over 25,000 children in the United States [21]. In
comparison, there were over 2,600,000 hearing aids sold in 2009, alone [22]. Even so, the
market penetration for hearing aids (percentage of addressable mahkatjng steady
at around 20% [23].

Now that the state-of-the-field and the frontiers have been established tlsecteot
will focus on the Technology Impact Analysis. This section and all future sectioges hi
on some key assumptions:

* The number of service members reporting hearing loss related disawiitie

continue to grow in accordance with the current trends.

* No “cure” to deafness (sensorineural and/or conductive) will be found.

* Hearing loss continues to exhibit itself in the US population in accordatite wi

current trends.

» Advances in Digital Signal Processing will continue to be remarkable.

» Electronics manufacturing advances will continue to advance in accordahce w

current trends.

* Advances in surgical technique will continue to advance in accordance with

observed trends.

» Hearing aids have already reached asymptotic performance bathier 5 years.

» Electrode based Cochlear Implants have already reached an asymptotic

performance barrier

12



"#$%&™( "#$)'&™( *

Figure 1-8: Issues with Hearing Aids, Electrode-basd Cochlear Implants, and Optical Cochlear
Implants (derived from [23]).

1.4 Issues in Auditory Enhancement Device

Figure 1-8 lists the known issues with hearing aids (derived from [23]), with
electrode-based cochlear implants, and with the proposed optical cochlear implants
Examination of this table with special attention to the yellow highlighted saetfaces
commonalities in issues across the various audibility enhancement devices.
While there are several common issues, they may be trumped by the “moal’ criti
issues, shown in Figure 1-8 as red highlighted cells. In order to addressrtbst critical

issues, namely to analyze potential benefits/detriments to optical cochpgants and to
13



derive recommendations on path forward for the optical cochlear implant, gasales
expands the system architecture using modeling and simulation that allovigatias
of the tonotopic specificity potential for optical cochlear implants and to igaésti
potential intelligibility benefits from having more channels availabiespectral
resolution.

In Chapter 2, literature on the subjects of physics-based modeling and simulation for
laser-tissue interaction, simulation of spectrally reduced speech wagefutomated
recognition, and model-based development will be reviewed. The model development,
including cochlear tissue Monte Carlo simulation and optical cochlear implant
simulation, will be described in Chapter 3, and detailed in Chapter 4. Chapter 5 will
present results and Chapter 6 will discuss conclusions and recommendations. ®he aim
this dissertation is to advance modeling and simulation which could provide the
foundation for model-based development of optical cochlear implants. When published,
optical cochlear implant design drivers and a modeling and simulation testbled wi
available for engineers and designers to use to drive requirements and dekigomwor
the lab to the desktop or laptop computer, where it can be configuration controlled, the

knowledge shared, and point estimates extended to system level impacts.
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2 LITERATURE REVIEW

2.1 Chapter Overview

This Chapter will describe the foundational research that is integoapedvide
the basis for this dissertation. Systems Engineering has enduring consequenagst,
schedule, and operational effectiveness of a program [24]. Figure 2-1 shoti tizio
between actual and planned cost for a system approaches 1.0 as Systems gngineeri

increases in emphasis. Figure 2-2 shows a similar observation for schethriepaece

[25].
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[24]).

Blanchard and Fabrycky identify the five major life-cycle phasea &ystem as:
conceptual design, preliminary design, detail design and development,
production/construction, and operational use and system support [26]. The life-cycle
phases for a medical device, however, is complicated by increasingtgrstegulation
[1]. The next section summarizes the system life-cycle for a metbuade. Figure 2-3
is a story map showing how the blocks of work are combined to support the overarching
research goals. Each block of Figure 2-3 will be further described in thegnsui

components of Chapter 2.
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The dark blue boxes in Figur-3 highlight the original work contributed by tt
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dissertation, while the lighter blue boxes connote the research extended by this
dissertation.
2.2 Life-Cycle for Medical Device Development

Pietzsch, et. al surveyed the field of medical device development to develop a
representative medical device development process [1]. The resultingereaties
model encompasses observations from the literature and thorough consultation with
experts in the development of medical devices, including representatives from the Food
and Drug Administration. Figure 2-4 shows the representative model. As shown, the
classic product lifecycle as described in Blanchard and Fabryckpkapsed into one
phase, Phase 3: Design, Development, Verification & Validation. AccordinigtizcPR,
the activities required to be performed in Phase 3 cross many functiorsgliackading

Marketing, Research & Development, Legal, Regulatory, Reimbursemantjf&tturing

& Operation, Quality and Clinical entities.

Figure 2-4: Medical Device Product Lifecycle Phases

When compared to a conventional product lifecycle, the medical device lifecycle
includes a dependence on reimbursement and clinical functions and a much stronger

dependence on legal functionality at very early stages. Therefore,dlarénicreased
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need for coordinating decisions across functional areas. Design is wswfysulated in
prototypes and capability is determined via laboratory testing and arnudedss For
most medical devices, there are no comprehensive models that are used across the
industry [1].

The potential benefits of model-based development for medical devices is ned limit
to Phase 3 of the Medical Device lifecycle. The following is a discussion lofpbase:
the high-level activities that take place in the phase, and the ways that meetl-ba
development could potentially improve the work done in that phase.

The entry point for the Medical Device lifecycle is an identification of@cdi gap.
Currently, these gaps are realized anecdotally through discussion wéthtpaind health
care providers. Market size is estimated given a potential clinical imyadel-based
development can support this stage by parameterizing the relationship beinieah cl
need and market size.

Phase 1, Initiation, concentrates on opportunity and risk analysis. Cross-fuinctiona
management performs a financial review. Marketing extends the existrkgtraaalysis
and baselines a competitive assessment. Research & Developmenthestatliat is
called an “Early Risk Assessment.” Legal provides an initial Irdeld Property
analysis to ensure there are no competing patents that would bar markdRegdtatory
ensures that there is a regulatory and clinical path to approval and Reimbursement
ensures that there is a credible R&D buy-down case. In this phase, a model-based
development approach could extend the parameterization of clinical need related to
market size to determine the driving factors that optimize projected miunvestment.

The models at this stage would provide cross-cutting functional support for tles stag
19



Phase 2, Formulation, concentrates on concept development and feasibility
assessment. Cross-functional management selects the project coamddaaselines a
project timeline. Marketing pulses the voice of the customer and engages withgbotenti
customers via prototypes. Research and Development involvement in Phase 2 is heavy,
with activities ranging from early concept selection, prototype amalysperforming an
initial design risk analysis. Legal, Regulatory, and Reimbursement mh&uedforts they
started in Phase 1. Manufacturing and Operations work begin in Phase 2 with planning
for tooling and fixturing. Model-based development for Phase 2 would require
development of physics- based component models and system-level models for
determination of the tightly couples patient-to-outcome device drivers. €nossanal
management would benefit from understanding of the critical skills needed to bedcove
by the core team. Marketing benefits from physics-base modeling anktsomuahat
lends credibility to customer engagements. Research & Development hasdfiedie
the physics-based simulations to accomplish rigorous parametric studiest agai
anticipated design drivers. Manufacturing and Operations, which requisenfeture
understanding of the component parameters in order to plan for required tooling and
fixturing, benefit from facilitate clear communication of impacted patarsevia the
baselined models. Model-based system development has highest leverage in Rtlase 2 a
beyond.

Phase 3, Design and Development/Verification and Validation, concentrates on
development of the design for the medical device and for the manufacturing approach.
Marketing, Research and Development, Reimbursement and Legal further thature

products they worked on in Phase 2. Regulatory actually submits plans to the rggulator
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authority in Phase 3, typically the Food and Drug Administration. Manufacturing and
Operations activities ramp up to include supplier collaboration and detailed anaflyse
producibility. Quality and Clinical activities begin during Phase 3, with devedopof

a quality and clinical validation plans.

Phase 3 encompasses the entire traditional product lifecyle and thereforebasmtkl-
system development advantages enumerated for classical model-badegdrdent are
accrued in Phase 3. These will be expanded on in subsequent sections of this dissertation.
In addition, there are benefits explicit to medical device development. Splgif
Clinical is able to communicate seamlessly with Research and Deveibanteuses the
models both for that cross-functional communication and to determine the point test case
with highest leverage for establishing clinical validation of the concept.

Phase 4, Final Validation, focuses on preparation for product launch. Marketing
ramps up further with product branding and forecasting activities. Regulatogvappr
must be obtained in this phase. Manufacturing scales up and Quality and Clinical
finalizes their work. Sales initiates work in this phase, beginning withigaiModel-
based development in Phase 4 provides benefits in the areas of communication and
profound deep understanding of the benefits and discriminators of the proposed medical
device versus other competing devices.

Phase 5, Product Launch and Post-Launch Assessment, concentrates on continuous
improvement activities. Model-based development benefits for Phase 5 include suipport t
physician training and offering an established validated testbed fosiagspsoposed

product improvements like embedded software updates.
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The Optical Cochlear Implant is in Phase 2, Formulation, and is therefore in a
position to achieve maximum benefit for its medical device lifecycle suppontrhodel-
based development. First the literature on the benefits of model-based develiopment
classical systems will be examined then background for the human auditermy syst
cochlear implants will be elaborated upon.

2.3 The Benefits of Model-Based Development

Systems engineers often rely on the “rule of ten”[27] which states thateshahg
later phase in development cost roughly ten times more than changes made irethe curr
phase, so finding and mitigating those design mistakes later in the proakbsalso
drive up the cost of the device, another key element in the technology impact analysis
highlighted in Figure 1-8. A model-based system development approach couktenitig
these risks.

An Air Force Research Lab (AFRL) study highlights other benefits of using mgdel
and simulation consistently throughout the development process [28] as shownén Figur
2-5:

Modeling provides clear specifications
Modeling improves communication

Simulation leads to easy validation
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Figure 2-5: Cases where Model-based Approaches Appll and Benefits Claimed (from [76]).

Simulation allows early identification of errors

Automated analysis is less expensive than manual analysis

Automated analysis finds more subtle (harder) errors

Common access to and comprehension of system requirements and design:
More facile system validation

Shared starting point for analysis/design

Risk Identification catalysis

Easier ability to assess impact of design changes

Quality improvements

Better knowledge management and capture
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The AFRL study derived its information from reviewing a number of projects,
including those shown Figure 2-5. This figure also indicates the benefits dlairtegms
of productivity gains by the implementing company.

To illustrate the potential benefits of model-based development to mediced devi
developers, consider the Validation phase. There are three ways of valigatergs
The first is to test until exhaustion, which is not practical and not used in meeiced
development. The second is to enter a time-limited validation phase, which leads to
increased risk to safety critical systems. This is what is currergtyinanedical device
development, typically resulting in pairwise testing of parametangsttAccording to
Kuhn [29], pairwise parameter testing was found to be responsible for 97% of the defect
found in 109 medical devices examined. The third approach is to mitigate the time
limited validation by incorporating high fidelity models with significaatgmetrics, an
approach supported by model-based approaches. Roussel, et. al. concluded that when
introducing a new practice it is best to start with a pathfinder project [30]. Bor thi
dissertation, focused on application of model-based systems development to medical
devices, the pathfinder selected was optical cochlear implants.

Optical Cochlear Implant development is still in the research phase, with th
laboratory work attempting to clarify possible mechanisms and drive technoledy ne
(e.g., smaller battery size, stimulation rate, wavelength of stimulatmoh, @urrently
proceeding on the Pharma-like development path this pathfinder exhibits the signs of
what John Holt [4] calls “The Three Evils” of Systems Engineering as e@eprect-igure

2-6.
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The ear on the left side of Figure 2-6 represents what the medical demosunity
considers the “system” for the cochlear implant. In actuality, the ‘isyystemuch more

complex as shown in the corresponding graphic on the right side of Figure 2-6, and

Figure 2-6: The "Three Evils" of Systems Engineerilg Realized by Cochlear Implants.

spanning source characteristics, geometry of sources to listeners, asnliesnhmental
factors like reverberation, distances from sources to listeners, noise, nadtriatisfer
function, frequency and temporal resolution of hearing, any compensation that may be
implemented in audio processing, remapping to a mismatched frequency spary, and an
artifacting that may be exhibited. The simpler “system” model in vogureauitrent

thinking belies the cross-play that may be exhibited in the emerging system
understanding. Finally, the cochlear implant development community has comnuinicate
and drawn on research from a narrow community: mainly audiology and medicine. They

could benefit greatly from research being done not only in Systems Engineer
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reflected in this dissertation, but also in signal processing, voice recogsitatistical
optics, and imaging systems.

Clearly, optical cochlear implants are ripe for application of a Syskgmgmeering
approach. The steps required to implement model-based development are shogvn Figur
2-7 which is borrowed from [31]. Therefore, the work in this dissertation will
concentrate on supporting the design and simulation block. It will include algsrahdh
modeling of physical components in order to enable analysis of system-leveinzerte
under conditions that are too difficult to analyze in the lab, due to expense, risk, or time-
intensiveness. In order to realize the benefits of model-based development, anbl¢o be a
to predict system performance early in the development of the Optical @obhjgant,
the need exists to establish physics-based mathematical modeling aradismmkthods
to rapidly assess the performance of the Optical Cochlear Implant usitabkevenodel
parameters, operating on sound waveforms directly, and predicting sygsteim-|
performance impacts (e.g., intelligibility impacts) due to system desigperations

changes.
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Figure 2-7: Block Diagram for Model-based System Deslopment (from [30])

2.4 Anatomy of the Cochlea and Spatio-temporal frequency relationship

The transformation of an incoming sound wave to neural activity was described in the
overview in Chapter 1 of this dissertation. The cochlea, a helical structedewith
fluid that vibrates. The transformation of an incoming sound wave to neuralyaatast
described in the overview in Chapter 1 of this dissertation. The cochlea, & helica
structure filled with fluid that vibrates when exposed to the incoming sound wave, houses
the Basilar Membrane, a flap sectioning off the cochlea. The Basdarbvéine vibrates
and, due to varying thickness along its length, vibrates at different fregsendifferent
positions along its length. The Inner Hair Cells serve as transducersrattcabration

of the Basilar Membrane into neural stimulation of the spiral ganglion ceksBasilar
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Membrane is exposed to the scala tympani on its east side and to the scalaavastiiisul
west side. Both the scala tympani and the scala vestibula are filled waitheafiiid

called perilymph. The spiral ganglion cells signals the auditory nenahwinturn
transport the signals to the brain for its processing. There is a com@ianism behind
how the brain distinguishes these signals, including feedback, adaptation, [H| as w
direct information from a shared “tonotopic map.” [32]. When these mechanisms are
disrupted, hearing impairment can occur. Missing and atrophied neural conne@ions ar
typical causes [33]. Sound waves may still be transmitted back to the cochlea, but
deafness results in this type of hearing loss due to the disruption in pathway for
transduction and transmission of the signals to the nervous system. The function of the
basilar membrane in the inner ear is of significant importance since ite baambrane
resolves the incoming sound wave into constituent frequencies [34]. The stifrtbe
basilar membrane varies with location so each place on the basilar membrane
corresponds to a certain tone. The spectrum analysis performed by the basiteanse
was described by Greenwood in 1961 via a function that relating characteegtiericy
(CF) to its place on the basilar membrane (x) [35]. Equation ( 2.1 ) givé®tjuency-
position function:

(2.1)

Where f is characteristic frequency (in Hz), A scales for upper frequepeygiés

dependent), a is the slope of the frequency-position curve = 0.06 per Greenwood’s thesis
[35], x is the distance from the apex of the cochlea to the spot, and K is the divergence
from logarithmic curve (species dependent). For humans, A=165.4 Hz and K=0.88.

2.5 Limitations of electrode-based cochlear implants
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Because of the spectral frequency specificity of the Basilar Memlmatexl above,
damage to different spatial locations results in loss of an associated bandnaf hear
frequencies. Damage closer to the ear canal manifests as loss offt@ghencies;
damage farther from the ear canal manifests as a loss at lower tiegusihen the
auditory nerve and pathways are still intact, as they are in the majociages of hearing
impairment, current day electrode-based cochlear implants utilizog@iie arrays to
directly stimulate the spiral ganglion cells can restore some levetetlpntelligibility
[33, 36]. Cochlear Implant users report lower intelligibility than expedteshghe
number of channels presented, possibly due to the electrode current spreading across the
spiral ganglion cells [33, 34, 37-39] and disrupting the tonotopic specificity. The
consequence of this “current spread” phenomenon is that electrode-basedr®s patie
report challenges in listening to music [40-43] and in intelligibility in thecktail party”
environment [44, 45].

Electrode-based Cls consist of up to 22 electrodes [38, 46], with the channels
positioned along the basilar membrane to mimic normal hearing. Adding channels to
electrode based implants would exacerbate the “current spread” phenomenexeHow
adding more channels with a localized stimulus, as is postulated for optiaabstom,
would allow for significant improvement in patient hearing. The number of channels
sufficient to provide intelligibility is a fundamental driving requirement far design of
the optical cochlear implant, with the potential to significantly benefit erausil speech
cognition.

2.6 Development of Optical Cochlear Implants
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Optical transduction of neurons is now possible using mid-infrared light [37, 47],
providing an alternative means of restoring intelligibility. Optical ceahimplants have
similar components to the electrode-based cochlear implants with the fezgrtie
being that instead of an electrode array, a matrix of minuscule mideidfiasers are
fixed in the inner ear. The mid-infrared sources are similar to laser yofix&ted on
different locations on the basilar membrane [20]. The experimental studiesdtate t
show highly precise triggering of the basal ganglion nerve cells and also do not require
contact with the surface — the transduction can be accomplished at a standufédista
[47]. Water is believed to be the key chromophore in the cochlear tissue that dmables t
optical transduction [47]. This guides the selection of wavelength of |gkétdi use for
the stimulation. Numerous laboratory animal tests have been recorded folr optica
cochlear implants[47-51].

2.7 Characterization of Optical Cochlear Implants: Laser-Tissue Interacts

It is known that electricity from the electrode-based cochlear implardadpacross
the basilar membrane, resulting in loss of spectral specificity since tiiempas the
spiral ganglion neurons map to a certain frequency. The laser light usedulatithe
spiral ganglion cells will also experience some spread, as observed in soratlgbor
measurements [49]. The experimentation required to obtain the observationsdenord
[49] is resource intensive and conducted at the basal region where geometries ar
relatively benign. A physics-based simulation model, grounded via validation tap@ns
experimental observations of [49], could help investigate the impact that optibdaroc
implant design parameters (wavelength, stand-off distance, stimulabometry, etc.)

have on speech intelligibility and sound fidelity, allowing for modeling and sithoul to
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support requirements definition and to support early lifecycle testing anctagaifi. To
this end, the research in this dissertation develops the Cochlear Laser Transdodel
to simulate the laser-tissue interaction that occurs within the cochleaanhptical
cochlear implant is being used. There have been numerous studies on light amteracti
with tissue [52-57] providing a strong foundation for application to light propagation in
the cochlea. While the application of this approach to the cochlea is unique, it iy actua
an extension of a body of work established to simulate other types of skin-light
interactions. Monte Carlo simulation is the most common approach used to examine
light-tissue interaction as shown in [58] [59] for laser interaction withtisgae, in [60]
for high powered irradiation, and in [57]. The work presented in this dissertation is an
extension of the Wang plane parallel model [57] and provides enhanced fidelityngesulti
from the more realistic modeling of curved multilayers.
2.8 Foundational Work in Vocoder/Electrode Based Implants

Since in vivo animal experimentation can only provide insight into what parts of the
brain and/or cochlea are excited by the electrical transduction, ancegpegmentation
on hearing impaired listeners would require invasive procedures, it is commoneptacti
use normal hearing listeners as surrogates to assess the intelligiipkicts against a
corpus of simulated waveforms. A mathematical model and simulation is useddesproc
an acoustic signal using the basic approach embodied in the cochlear ingprais
processor via selection of

1) the frequency channels,

2) the amplitude envelope and

3) the carrier signal.
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Figure 2-8: Block Diagram for Cochlear Implant Processing

As shown in Figure 2-8, the cochlear implant processes all sound into a specific
(limited) number of channels. In simulation, this is approximated using a segqfence
filtering, enveloping, compression, and modulation. The simulated output of each channel
is turned into synthesized speech via summing the modulated signals [61-68], as shown
in equation (2.2).

(2.2)

where s(n) is the synthesized speech waveforraréithe individual waveforms coming

out of each channel of the cochlear implaray € the center frequencies for each of the

channels and numChan is the number of channels that the cochlear implant can use.
While an input sound waveform is close to continuous in the time domain, the

cochlear implant sampling mechanism limits temporal resolution somewvallas
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spectral resolution. The temporal resolution is not limited as severely as thalspe
resolution, with cochlear implant users being able to detect up temporakshgntp
300 Hz [69]. A low pass filter is typically used to extract the envelope of thd signa
output from each of the bandpass filters, resulting in an set of output waveformsséhat ha
both the desired spectral and temporal resolution. Temporal cues have been shown to be
important to intelligibility [61, 70-73].

The residual spectral information in each channel is typically removeslihy a
carrier signal to recombine the constituents. The literature describestitgmaise
(used for electrode-based simulations) and sinusoids (for more narrow-bdand mul
channel applications) [61, 66, 70-75].
2.9 Human subject intelligibility studies

The simulation approach described in Section 2.6 was used as the basis for a number
of intelligibility studies using Normal Hearing listeners as surreg&ir Hearing
Impaired listeners. See, for example, [76-81]. In [80], an attempt was made to cross
correlate Normal Hearing listener surrogate assessment withalgeotive quality
metrics. Note, Human (Impaired Listener) Speech Recognition is “modeleddj aisi
Normal Hearing Human subject, not a mathematical model operating on inpudetkgra
sound waveforms.
2.10 Human and Machine recognition correlation

The simulation approach described in Section 2.6 was also used as the basis for a
number of intelligibility studies using Normal Hearing listeners agates for
automated voice recognition algorithms. See, for example, [44, 65, 73, 82-86].

Automated speech recognition using Hidden Markov Models performed on par with
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human subjects for recognition of the TI-MIT digits corpus. In [84], the authors describe
the difference in the state of the field for Automated Speech Recognition gxER)
Human Speech Recognition (HSR) as the difference between using real spaddss
for analysis and not. Most HSR approaches are not grounded in sound signals. Only ASR
systems use real speech as a starting point and only ASR systems nornmatly ape
acoustic signals.

Since the goal of the research in this dissertation is to differentiateee
intelligibility between degraded simulated acoustic signals withdyihgeon human
intervention, an Automated Speech Recognition (ASR) algorithm (which is based on
mathematical differentiation) will be utilized.

In establishing relative intelligibility, it will be important to sel@cbaseline corpus
of utterances and a baseline ASR application. In [87], the performance (Word &eor R
and Sequence Error Rate) of various ASR algorithms of the time were cdnagarast
the performance of normal hearing listeners. As shown in Figure 2-9p&ea&om

[87], ASR performed fairly well against the TI-46 database.
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Figure 2-9: Comparisons of Human and ASR performane from [68]

The TI digits, with a vocabulary size of ten, will be used as the speech corpmis basi
for determination of relative intelligibility. This corpus will be debed in the following
section. Many contemporary ASR algorithms feature Hidden Markov Models, wieich a
a type of statistical model in which a unit of sound, say, a phoneme, is modeled as the
output of a Finite State Machine with a stochastic transition matrix whiamedef
transitions between its states [65]. In addition to the stochastic transitior, ath

state also has an emission probability density function which defines the ptygliahtli
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the state emits a particular observation at time t [88]. This emission probdérisity
function is the “hidden” part of the model because any state could have emitted the
current observation. In this dissertation research, the Hidden Markov Model as
implemented in Carnegie Mellon University’s open source Java SPHINX 4 toal&it w
used. For more detail on the CMU SPHINX 4 toolkit see [86].

It is desirable for the surrogate to have clean speech performance cdmpathbt
of a human listener. The SPHINX 4 system has that attribute. In a rigoudys st
comparing automated speech recognition algorithm performance with humah spee
recognition performance Lippmann noted that humans achieved a word error.@di%of
for the TI46 digits [89], the speech corpora used as the foundation for this digsertati
As part of its performance baseline regression testing, the SPHINX 4rtaaed a
HMM for each of the T146 digits zero through nine using a subset of the utterances in the
corpora [90]. In order to compute word error rate, the recognition is assessed usi
maximum likelihood criteria on the half of the corpus that was not used to train the
HMM. A word error rate (WER) is computed based on how many words were identified
correctly by the recognition algorithm. On this same corpora, the clean sddédtigits
was run through the Sphinx 4 system configured for this dissertation and a 0.08% word
error rate was achieved.

SPHINX4 has been used in many peer-reviewed research studies, including [91-93].
2.11 The TI 46 Corpus

The Texas Instrument 46 word corpus or “T146 database” consists of uttenamses f
eight male and eight female speakers. Each speaker repeats 46 words .Zeoti s

research conducted in this dissertation, the utterances of the digits frota nare were
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used. The “clean” (original) version of each utterance was collectezkas Tnstruments

in the 1980s with precautions to get the highest sound fidelity possible [114].
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3 METHODOLOGY

3.1 Motivation and Scope

Given current trends in hearing impairment, there is an increased need foreadvanc
medical devices which mitigate the effects of Inner Hair Cell damageidprg people
with hearing impairment an unprecedented level of intelligibility. A newagethat has
the potential for high spectral and temporal fidelity, the Optical Cochlgaaiht) is
currently being tested in the laboratory. The projected development timelimerapay
years: from point testing in the laboratory, through approval process fordimitean
testing, with control gates for application to human candidates. In the jouoneyaio to
human patient, design decisions are often made in absence of understanding the system
level impacts those design decisions can have on the ultimate utility of the. device
described in Chapter 2, model-based development can mitigate rework hersgstém
lifecycle.

In order to realize the benefits of model-based development, and to be able to predict
system-level performance early in the development of the Optical Codiniglant when
only component level experimental data is available, the need exists tessbgpagkics-
based mathematical modeling and simulation methods to extend the laboratory
measurements and to simulate system level performance of the pr@tieal
Cochlear Implant using available model parameters, operating on sound waveforms
directly, and predicting system-level performance impacts (e.gljgrigity impacts)
due to system design or operations changes.

3.2 Hypotheses
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The hypotheses tested in this paper are: 1) Physics-based Monte Caldicims
will adequately match laboratory measurements to allow extension to othatsubje
(human versus animal) and other environments (real world versus laboratory),&) Line
filter methods utilizing the output of the physics-based Monte Carlo simomilesn
produce simulated Optical Cochlear Implant output waveforms given refasieace
speech input waveforms, and 2) reasonable intelligibility predictions for bpdicialear
implants can be made even in the presence of uncertainties and without human subjec
studies. People who will benefit are: researchers and engineers indlué aptical
cochlear implant development, who can use results and the approach to guide design
goals and tune parameters; researchers in broader area of speechngrémesschlear
implants, who could use this approach for first order screening of enhancement
algorithms and could use the testbed for algorithm tuning; Cochlear Implanttpand
their families, who could use the simulation to help gain insight into the behavior of
optical cochlear implants in order to make informed decisions; Cochlear Implant
educators, who can use the model/simulation to work with parents and significant others
To test these hypotheses, a new Optical Cochlear Implant Simulator)(@&dS
developed and its use evaluated [94]. OCIS specifically addresses the naeddbr
based development support and validation against current laboratory measurgmints b
generating estimates of the Greens function for the cochlear tisadaragion of place
on the basilar membrane; 2) demonstrating calibration of the Gaussian convolved
Green'’s function for specific conditions against a corresponding set oatabo
measurements made under those conditions; 3) generating simulated “degraded

utterances” which capture physics-based predictions of Optical Cothiglant
39



response to a clean speech utterance as a function of number of channels arehplacem
of channels; 4) a methodology for assessing relative intelligibilityrayst various

degraded simulated utterances; 6) a library of 39,475 utterances repreeniiitp

digits as processed through 25 different optical cochlear implant channelucatdigs;

7) assessment of relative intelligibility performance across tecifgpoptical cochlear
implant channel configurations against a speech corpus of 39,475 utterances.

3.3 Problem Statement and Research Questions

This dissertation proposes to address the following research questions:

How far does the optical stimulation spread across the basilar membrane?
Is the spread of the optical stimulation greatly influenced by local radius of
curvature of the cochlea for a given place on the basilar membrane?
When does the Optical Cochlear Implant Simulator predict asymptotic
behavior with respect to added number of channels?

3.4 Research Approach

In order to accomplish the research goals for this dissertation, the follsixing
components were addressed
3.4.1 Develop a physics-based simulation of the laser-tissue interactiorath

transpires between the Optical Cochlear Implant and the inner ear.

The simulation tracks the path and energy deposition of a single photon as it scatters,
reflects, transmits, and is absorbed through the various slab layers. Eadiandras a
physically parameterized probability of occurring. A large number of photoresrwe
through the slab model. The absorption and path of each photon was tracked in three

dimensions and then averaged to determine the three dimensional expected value for
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photon absorption and path (Monte Carlo technique). In this fashion, a three dimensional
Green'’s function of absorption was obtained for the tissue.
3.4.2 Validate laser-tissue simulation against experimental data.

The simulation developed under component 3.4.1 is run under conditions matching
those described in 1zzo’s experimentation paper for Optical Cochlear Is\dB0Ot The
Green’s function obtained is convolved with a pulsed laser diode profile matching that
used in the 1zzo paper to obtain the predicted tissue absorption response. Aeslitisc r
are compared to the experimental results presented in Izzo.

3.4.3 Update the Shannon model to create the Optical Cochlear Implant
Simulator, which accurately models system response for optical coelalr
implant

The Optical Cochlear Implant Simulator (OCIS) consists of four subcomponents:

1) Pre-emphasis filtering

2) Filterbank rendering,

3) Envelope detection, and

4) Sinusoidal sound re-synthesis.

This follows the Shannon model used for simulating electrode-based implants [95]
with the exception that

the bandpass for each optical cochlear implant channel is much narrower,
the bandpass for each optical cochlear implant channel varies as a function of

position on the Basilar Membrane, and
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there are potentially up to 100 channels that need to be rendered and
synthesized for optical cochlear implants, compared to nominally 10 channels
for electrode-based implants.
The unique bandpass characteristics for the optical cochlear implants compared to
electrode based implants result from differences between how the oftnzdhon
interacts with the cochlear tissue and how the electrode stimulation isterticthe
cochlear tissue. In the saline environment of the inner ear, current spreadshecross
cochlea. This current spread does not significantly vary as the electratii@npaaies on
the basilar membrane. The optical interaction, in comparison, is highly ed#fi] and
the locus varies with laser wavelength and with position on the basilar memd®ane [
Therefore, OCIS calculates the bandpass configuration for each simulatiomasising
inputs laser wavelength, the number of channels it is desired to simulate, andtibe pos
of the laser diodes along the basilar membrane. OCIS uses the component developed
under the auspices of 3.4.1 to calculate the bandpass for each individual channel based
on its position along the basilar membrane.
3.4.4 Generate simulated speech corpora for each of ten different OpticaldChlear
Implant channel configurations
The T146 digits database described in Section 2.9 is used as the basis for the input
speech corpus. From this ten additional corpora are generated by running the clean
speech utterances through OCIS and saving the output from OCIS into .wav 16-bit raw

files.
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3.4.5 Establish an algorithm that can serve as a first order surrogate for human
subjects for use in intelligibility assessment.

Carnegie Mellon University’'s SPHINX4 speech recognition system wasycoed
for use as an algorithmic surrogate. Standard TI46 digits phase statassed, along
with associated transition matrices and emission matrices.
3.4.6 Analyze system-level Optical Cochlear Implant performance over ten

different channel configurations

The simulated degraded speech corpora developed as part of component 3.4.4 was
input into the SPHINX4 application configured in component 3.4.5. For each associated
channel configuration, the word error rate was recorded and then trends graphed.
3.5 Contribution of Research

No mathematical model or simulation yet exists for Optical Cochteglahts, so
there is no foundation for model-based development. The model development is not as
straightforward as extending the electrode cochlear implant Shannon modidetkescr
Chapter 2 because the laser-tissue interaction is quite different in natarth&
electrode-tissue interaction. Further, the Optical Cochlear Implanigesito be a game-
changing technology with approximately ten times the number of channels eonpar
the conventional six channel electrode-based device. It may require a whole s&eof cla
signal processing schemes to exploit the unprecedented availability trekpec
information. Therefore the primary and most significant contribution of thesrels will
be the introduction of a physics-based mathematical model and simulation, tred Optic
Cochlear Implant Simulator, which supports Optical Cochlear Implant develophmest

simulation will allow researchers and optical cochlear implant develapessenue for
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using model-based development to answer questions like: How many bands/what
frequency spacing is sufficient for intelligibility? What signal preaeg schemes might
work best for this new device? How much better does the proposed device work under
non-nominal signal-to-noise conditions?

A secondary contribution of this research is the concept of applying automated speech
recognition algorithms, in this case Hidden Markov Model-based, to predict relative
intelligibility of sound waveforms. All commonly used intelligibility studiety on
human subject testing, so this concept allows for an in-the-loop first ordiréela
assessment to narrow down the search space needed for human subject simulagjon test
As a by-product of the research, thousands of simulated waveforms were produced and
form a library for conducting human subject simulations in the next phase.

Another by-product of this research is design guidance and goals for opticlglazoc
implants to maximize intelligibility, to include number of channels and plactaie

channels.
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4 RESEARCH

4.1 Cochlear Laser-Tissue Transduction Model

This section presents the Cochlear Laser Transduction Model for photon absorption
due to laser stimulation of the spiral ganglion cells in the basilar membféame inner
ear. The work presented here is an extension of the Wang plane parallel model and
provides enhanced fidelity resulting from the more realistic modeling ofd¢urve
multilayers. The model tracks the path and energy deposition of a single photon as it
scatters, reflects, transmits, and is absorbed through the various slab lagege. A |
number of photons were run through the slab model. The absorption and path of each
photon was tracked in three dimensions and then averaged to determine the three
dimensional expected value for photon absorption and path (Monte Carlo technique). In
this fashion, a three dimensional Green’s function of absorption was obtained for the
tissue. In this paper, the cochlear tissue Green’s function derived usingtite Carlo
analysis will be convolved with a pulsed laser diode profile to obtain the predicied tis
absorption response and compare the analytic results to the experimental resul
presented in 1zzo [49].

The above discussion demonstrates a need for simulation that:

» can model absorption of laser light based on physical tissue properties

» can generate a Green’s function for tissue for use in convolution with fiber-
coupled pulsed laser diodes

» can adequately represent observed experimental data as a way ofgahgigan
be used to search out interesting areas for study and so that it can be usedgata surr

in intelligibility analysis.
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As will be shown, the Cochlear Laser Transduction model will satisfy these
specifications.

The Cochlear Laser Transduction Model extends a model developed by Wang et

Figure 4-1: Wang model with plane parallel slabs (fom [52]).

al [56, 57]. In the Wang model, the slabs are considered plane parallel laybgichsd

in Figure 4-1. Obvious differences are noted between Figure 4-1 and the actuaxcompl
geometry of the cochlea depicted in Figure 1-3. The sketch in Figure 4-2 depicts t
cochlea’s three-and-a-half turns over its 32mm length with radius of curvatynegva
from severe at the apexafex= 0.01cm) to less severe at the basgs{= 0.12cm) [96].

For the system under study in this paper, the anticipated radius of the filveridglthe
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laser excitation is approximately 100 microns and is located at the uppeminas$a0t.
The geometry of the cochlea at this scale is depicted in Figure 4-2. Expeafinesntts
collected in this region will need to be projected all along the curve of the cdchlea
determine their equivalent in regions where the local annular geomelry bésilar
membrane is more severe. The cochlea curvature is most severe at thehapex, w

=0.01 cm [96]. Since the geometry factors heavily into the scattering and absorpt
being observed, and since one of the benefits of this model will be allowing for projection
from one basilar region to another, for this study the layers of the cochie@déen
modeled as curved semi-infinite slabs. This model has been implemented in NBATLA
[97] along with extensions to track absorption and photon path as a function of time in

three dimensions and to embed a specular laser fiber tip.

Figure 4-2: Radius of Curvature Variation in the Cachlea.

The curved multilayered semi-infinite slab model has the following layers
Layer 1: ambient medium: perilymph of the scala tympani

Layer 2: perilymph with laser fiber tip embedded
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Layer 3: basilar membrane

Layer 4: ambient medium: perilymph of the scala vestibula

Figure 4-3: Local Annular Geometries for Different Cochlear Locations.
The curve of the layers is governed by imposing a boundary that is a plane with a
local radius of curvature,, given in equation ( 4.1 ). The radius of curvature is assumed

constant over the area of interest.

(4.1)

Let X, y, and z be the Cartesian coordinates of a point in the tissue and t be time.
The objective is to determine the fluencéx,y,z,t) at every point in the tissue as a
function of time. The behavior of photons as they travel through a slab is described by
equation ( 4.2 ), the radiative transfer equation [98].

"4 $96 (4.2)
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where L is the spectral radiance, c is the speed of light in a vacusitihe unit direction
vector, = 4t sis the total attenuation coefficient (the sum gfthe absorption
coefficient and ¢, the scattering coefficient), P()d 'is the phase function which
describes the probability that light with propagation directiomould be scattered into

d 'around direction. This equation describes the three main mechanisms that govern
the energy at any point in a tissue, as depicted in Figure 4-4, comprisisgaoerm

divergence, absorbance, and scattering.

\)
Figure 4-4: Curved Slab Model Developed for this Gisertation.

As the photon goes through these layers it can be reflected/refracted, dpsorbe
scattered. Note that the quantity of interegk, y, z, t) defined by equation (4.3), is
derived as equation (4.2 ) is solved.

1 $& *#  $26/0 (4.3)
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where d is the differential solid angle.

The radiative transfer equation is solved numerically using a Markov chaire Mont
Carlo method to obtain(x,y,z,t). Probability distributions are used to guide the photon
random walk through the curved multilayered semi-infinite slab model using random
selection algorithms as described in Ross [99]. The photon’s free path wasdraxlate
exponentially distributed random variable with lambda equaj, tihve probability of
reflection at a boundary between layers was modeled as a Bernoulli distrémdedr
variable with p equal to the Fresnel reflection, the azimuthal angle fortthefghe
photon was modeled as a uniformly distributed random variable between O, amdi 2
the polar deflection angle was modeled as a Henyey-Greenstein randonmeuaitiabl
anisotropy g [100]. Justification for using these probability models for rigftect
absorption, and scattering can be found in [101]. Equation ( 4.1 ) is used to determine
boundary crossing conditions. Each layer is assigned both deterministic and mtbabil
properties for thickness, index of refraction, absorption coefficient, sogtwefficient,
anisotropy, and radius of curvature. Note: the absorption coefficient, the probatbilit
photon absorption per unit length, has a strong dependence on wavelength in the region
of laser stimulation (1.873 microns) being investigated. The most important abserbers o
chromophores in this region are water molecules. Therefore, laser pardiketers
wavelength, pulse shape, mean of gaussian pulse, standard deviation of pulse, radiant
exposure, z-position of fiber tip, diameter of fiber tip, and index of refraction aftibe
are also used as input to the Cochlear Laser Transduction Model.

As appropriate for a Markov chain Monte Carlo method, a single photon at a time

is propagated through the Cochlear Laser Transduction model. For each photon,
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absorption profiles and positions as a function of time are tracked in Cartesian
coordinates. These can be considered a single realization of the impulse response or
Green'’s function for the tissue. Since the motions of the photons and deposition in tissue
are random processes, accurate characterization of the Green’s funafiogsreq
capturing many realizations and looking at the expected value or averageuifiles.
For this study, the statistics were analyzed over simulations of 1,000,000 photons.

Once the Green'’s function G(x,y,z) is obtained statistically, it canietved
with the profile of the laser fiber excitation, S(x,y), as shown in equation (4.4 )
produce the Absorption profile expected in the tissue.

b (4.4)
3456 * * 74 4'5 5'694858:4 5
< <

The Cochlear Laser Transduction Model, including the two dimensional Green’s
function convolution, were implemented as part of this dissertation in MATIXB [
following the MCML naming conventions [56]. Note: while MCML is implemented in
the programming language C, the Cochlear Laser Transduction model is imiglenme
MATLAB. However, as part of this research, the Cochlear Laser Transdhdbdel
was validated against each of the cases in the MCML handbook to provide answers that
are accurate to within 5% of those given by MCML.

The Cochlear Laser Transduction Model will give point results based on aspecifi

place on the basilar membrane. Since the Optical Cochlear Implant eiié exultiple
places on the basilar membrane, the Cochlear Laser Transduction Model hastyhe abil

compute point spread function given input basilar membrane place, depicted Figure 4-
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Photon Beam

\

Figure 4-5: Cochlear slab model varies with positio on Basilar Membrane.

The simulation results show that laser stimulation spread increased frorm3b0
radius of curvature of 0.12 cm (simulating the response near the base of the)tochlea
362 m for radius of curvature of 0.08 cm (simulating the response at the most apical
segment the Cochlear Laser Transduction Model could estimate). The dechlea
approximately 32 mm long for the section addressed. Assuming a nominal spot size of
362, equation ( 4.5) calculates the number of potential channels to be 88.

CBAF? JKLIL?ZCBMNN C  STTTRN U\ STT1 (4.5)
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Therefore, given the 32 mm addressable length of the cochlea approxi@&ately
distinct, non-overlapping sites could be stimulated by the optical cochlear implant under
the configuration (wavelength, standoff distance, etc.) used in Izzo [50].

4.2 The Optical Cochlear Implant Simulator
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As noted in Section 3.3, the Optical Cochlear Implant Simulator (OCIS) coofists
four subcomponents:
1) Pre-emphasis filtering
2) Filterbank rendering,
3) Envelope detection, and
4) Sinusoidal sound re-synthesis.
4.2.1 Optical Cochlear Implant Simulator (OCIS) Architecture
The four components of the Optical Cochlear Implant Simulator (OCIS) arenshow

Figure 4-6.

Figure 4-6: Architecture of the Optical Cochlear Implant Simulator (OCIS).

This follows the models used for simulating electrode-based implants [102heith t

exception that

the bandpass for each optical cochlear implant channel is much narrower,
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the bandpass for each optical cochlear implant channel varies as a function of
position on the Basilar Membrane, and

there are potentially up to 100 channels that need to be rendered and
synthesized for optical cochlear implants, compared to nominally 10 channels
for electrode-based implants.

The unique bandpass characteristics for the optical cochlear implants compared to
electrode based implants result from differences between how the oftedason
interacts with the cochlear tissue and how the electrode stimulation isterdcthe
cochlear tissue. In the saline environment of the inner ear, current spreadshecross
cochlea. This current spread does not significantly vary as the electsitierpvaries on
the basilar membrane. The optical interaction, in comparison, is highly kdt§tiz] and
the locus varies with laser wavelength and with position on the basilar merfd®§res
shown in . Therefore, OCIS calculates the bandpass configuration for eachisimula
using as inputs laser wavelength, the number of channels it is desired toesiamndathe
position of the laser diodes along the basilar membrane. The method OCIS uses to
calculate the bandpass for each channel is described in the next section.

The Optical Cochlear Implant Simulator (OCIS) was implemented in MATBA a
function with number of channels, band profile for the channels, and a sound signal as
input and it outputs a simulated synthesized sound signal representing how the input
signal would appear if rendered through an optical cochlear implant with the input
number of channels. Most electrode based cochlear implant simulators divide tite audi

band up into 2-12 evenly spaced channels, with associated bandpasses of roughly 2,000
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Figure 4-7: The Cochlear Laser Transduction Model ér Calculating Channel Bandpass.

Hz per channel. The results observed from the Markov Chain Monte Carlo simulations

described in the previous section establish that:

optical cochlear implants have the potential to realize up to approximately 90
channels
the spectral resolution will depend on location on the cochlea being
stimulated, with spot sizes ranging from 316 at the base of the cochlea to
362 m at the apex of the cochlea.
The bandpass configurator shown in Figure 4-7 that uses the results on the Markov
Chain Monte Carlo simulations assigns a width to the passband consistent with the
simulation results based on cochlear place being stimulated. It was moslalédesar

function between 0 and 32 mm, with 0 mm (closest to the apex) corresponding to a spot
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size of 362 m and 32 mm (at the base of the cochlea) corresponding to a spot size of 310

m.

As with the electrode-based cochlear implant simulations, OCIS uses a bergaof |
filters to process an input sound file into the desired number of channels. There is one
linear filter for each desired number of channels with center frequencdmadpasses
assigned according to the information passed from the bandpass configurator.I$he OC
implements the filters as first order Butterworth bandpass filtersnitetp response for
Butterworth filters are montonic and have maximally flat passband magniittidlat
frequency response. While the rolloff is slower than some other filters Ghebyshev
filters, elliptic filters, etc.), its phase response is quite linear ag®od choice for the

application being studied in this dissertation.

Figure 4-8 shows time plots of the original speech file for an utterance wfottd
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“zero” and an OCIS simulation of a four channel optical cochlear implant rendittbe of

same utterance. These plots and a “.wav” sound file are typical outputs of an OCIS run.

Figure 4-8: Clean (top) and four channel (bottom)ime domain waveforms for “zero”

The spectrograms for the “clean” and OCIS simulated four channel versidres of t

word “zero” is shown in Figure 4-9.
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Figure 4-9: Spectrograms for Clean (top) and OCISimulated four channel (bottom) waveforms for
the word “zero”.

OCIS is capable of simulating outputs of optical cochlear implants with upwards of
ninety channels and can be used to guide design, development and testing of these novel

devices.

The method used to simulate multiple-channel optical cochlear implants builds on
previous work modeling electrode-based cochlear implants[103]. Also, see(24] f
description of related work. The Optical Cochlear Implant Simulator (OC&S) w
implemented in MATLAB [97] as a function with number of channels, band profile for
the channels, and a sound signal as input and it outputs a simulated synthesized sound

signal representing how the input signal would appear if rendered through an optical
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cochlear implant with the input number of channels. This section will walk throaph ea
of the four OCIS subcomponents: pre-emphasis, bandpass configuration, filterbank
rendering, envelope detection, and channel sound synthesis.
4.2.2 Pre-emphasis
Most cochlear implants perform pre-emphasis on the input sound signal in order to
attenuate the low frequencies, typically associated with high-grewgel sounds, and to
amplify high frequencies, typically associated with low-energy conscoamds [104].
Thus, the pre-emphasis stage helps equalize energy across consonant and vowel
sounds so that one does not drown the other out. There is a nominal 6 dB per octave
spectral roll-off in speech so it is likely this pre-emphasis stage wittdpgired for
Optical Cochlear Implants as it is for the electrode-based implants. &, Pre-
emphasis is implemented according to Lan [105], using a first order Butterwghpass
filter with a cutoff of 1.2 kHz. The sound waveforms before and after pre-emptiasis
utterance “seven” are included in Figure 4-10.To listen to these sounds, double click on

the box associated with either “input sound” or “pre-emphasis”. There will bepéxam

I
I

Figure 4-10: Sound Before and After Undergoing Pre&emphasis.
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sounds embedded throughout this dissertation, and to listen to them always double-click
that icon that looks like thiﬁ . The magnitude of the pre-emphasis filter versus

normalized frequency in shown in Figure 4-11.

Figure 4-11: Magnitude vs. Frequency plot for the Re-emphasis Filter.

4.2.3 Optical Cochlear Implant Simulator Bandpass Configuration

Most electrode based cochlear implant simulators divide the audible band from (~100
Hz to 8 kHz) up into 2-12 evenly spaced channels, with associated bandpasses of roughly
2,000 Hz per channel.

For the OCIS, number of channels that it is desired to simulaig, ¥ an input. The
center frequency for each channel,igccalculated by evenly distributing the channels
across the basilar membrane from the spot mapping to 100 Hz to the spot mapping to 8

kHz (see equation ( 4.6 ) where i indexes channels from 1,i9.N
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[$ \] (4.6)
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Using the inverted Greenwood function, the spot with that frequency can be mapped
to its physical location on the basilar membrane. The Greenwood function is shown i
equation ( 4.7).

(4.7)

Where f is characteristic frequency (in Hz), A scales for upper frequepegiés

dependent), a is the slope of the frequency-position curve = 0.06 per Greenwood’s thesis
[35], x is the distance from the apex of the cochlea to the spot, and K is the divergence
from logarithmic curve (species dependent). For humans, A=165.4 and K=0.88. Inverting
this to obtain place (x) from characteristic frequency (f) yields emuéit.8 ).

bc d-) e (4.8)

The results observed from the Cochlear Laser Transduction Model simulations
described in Section 4.2.1 establish that 1) optical cochlear implants have theaptatenti
realize up to approximately 90 channels, 2) the resolution (spot size) will depend on
where on the cochlea the laser is stimulating (x) with a range fromr82Q the base of
the cochlea to 362m at the apex of the cochlea; roughly this indicates the spectral
resolution will be 3x to 10x better for the optical cochlear implant when compatied t
electrode-based cochlear implant spectral resolution. The bandpass ctofigssagns a
width to the passband consistent with the Cochlear Laser Transduction Modsl resul

based on cochlear place being stimulated. Spot size was modeled as a linear function
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between x=0 mm (apex) and x=32 mm (base), with x=0 mm mapping ton36pot
size and 32 mm corresponding to spot size of 3tiPas shown in equation (4.9 ).

f f
2 )i g i) fi g (49)

where x is equal to the positioning on the basilar membrane in mm (measurelddrom t
apex) that laser diode i is targeting, andssthe spot size associated with that position on
the cochlea.

The Greenwood function is used to calculate the bandwidth of the linearfter t
would represent that spot size by calculating the frequency span covereth speaas

shown in equation ( 4.10).

Im Y) nopch— br ( (4.10)

Where BW is the bandwidth of the linear filter that would represent the spot siz€hes
remaining constants are the familiar Greenwood constants described in GodEnw

thesis [29]. A scales for upper frequency (species dependent), a is the dlupe of
frequency-position curve = 0.06. For humans, A=165.4 and K=0.88. This equation is an
important derivation for this system representation because previous caoctgkzant
simulators, which attempted to model electrode-based implants, assumed a constant
bandwidth represented the linear filter bank. This approximation was madeh&nce t
bandpasses were so large. For optical cochlear implants, the area extitedalgr
stimulation is an order of magnitude smaller than the area excited by theddsdh

electrode-based implants. Therefore, properly modeling the bandpass becomes
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foundational to establishing overall system-level performance traced pbykis of the
optical device.

Figure 4-12 shows example calculation for a 20 channel device.
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Figure 4-12: Example Channel Configuration (20 Chanels)
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4.2.4 Filterbank rendering

OCIS uses a bank of linear filters to process the input sound into the desired number
of channels. There is one linear filter for each desired number of channelsnh ce
frequencies and bandpasses assigned according to the information passed from the
bandpass configurator. The OCIS implements the filters as first orderurtier
bandpass filters. Magnitude response for Butterworth filters are momtodibave a flat
passband. They have been used by others to model bandpasses for electrode-based
implants[106], [34], [107] so is an appropriate choice of filter type. For adioamnel
configuration, the magnitude of each of the four filters versus normalized freguency

shown in Figure 4-13.

Figure 4-13: Magnitude response for each of the bapass filters in a four-channel configuration.
4.2.5 Envelope detection

The amplitude envelope for the rendered signal after coming through tHeafilikeis
extracted using a lowpass filter. By varying the cutoff frequencyhienvelope

detection one could investigate the impacts of temporal resolution on the rendered signal
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For general purposes, the cutoff is set at half Nyquist. Again, a first Budierworth
filter is used to implement the envelope detection after half-wave rattfic
4.2.6 Channel sound re-synthesis

With the envelope information for the desired number of channels now rendered, it
remains to synthesize the simulated signal using a carrier. Thereoareetivods cited in
the literature for accomplishing this: using white noise as a carrier arglsisusoids as
a carrier. OCIS has been implemented using sinusoids as the spectral baads that
rendered are quite narrow so the optical stimulation will be focused spegiétall
cochlear place that maps to a given frequency. This choice of using sinusoids follow
application in[106]. As with electrode-based simulation, the synthesized speech i
calculated as shown in equation ( 4.11).

(4.11)

4.3 Simulated speech corpora generation

The T146 digits database described in Section 2.9 is used as the basis for the input
speech corpus. A MATLAB function was written to read in from the NIST .wavdtam
(which is different from the standard .wav format). From this database aindésy, 25
additional corpora (each with 1,579 utterances) are generated by runningthspeech
utterances through OCIS for 25 different channel configurations (2, 4, 8, 16, 22, 24, 26,
28, 30, 31, 32, 33, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 60, 64, and 88 channels). The
output from OCIS into 16-bit .raw files. MATLAB functions were written to read and
write sound files in the format required for use with SPHINX4: 16-bit, 2 byteplsa

16000 samples per second, binaries without header, big endian order.
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4.4 Configuration of SPHINX4 to serve as human listener surrogate

Carnegie Mellon University’s SPHINX4 speech recognition system wasycoedl
for use as an algorithmic surrogate. This required the use of sevetareddipen
source software packages: Java SE 6 Development Kit (JDK 6 Update 14), Ant 1.6.0
(which was used to build SPHINX4 from the open source source code download), and
Cygwin to enable use of linux commands from the Microsoft environment.

Once the configuration was complete, the Isolated Digits — Tl 46 regresstomas
used. First, against the clean speech database, which compared favorably to the posted
performance on the SPHINX4 web site. Then, the same regression tesed/agaisist
the synthesized speech corpora. In other words, the supplied TI46 digits phaseestate
used, along with associated transition matrices and emission matripesctice, the
observed word error rate for the degraded waveforms could have been improved if the
states, transition matrices, and emission matrices had been “retrédogcetVer, patients
with hearing impairment usually experience “inelasticity” inrtirag the brain to adapt to
the signals being sent by the cochlear implants. This issue has been repbet@cthé¢
reason why intelligibility for cochlear implant users does not match that prddyg
using cochlear implant simulations with normal hearing listeners [108hyitaiso be the
reason why children perform differently than adults [109]. For this reasons it wa
determined that to produce a conservative estimate of relative itiétygithe training

set for clean speech should be used for all of the corpora.
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5 RESULTS AND DATA ANALYSIS

5.1 Validation of the Cochlear Laser Transduction Model
5.1.1 Calculation of the Predicted Response using the Cochlear Laser
Transduction Model

The radiative transfer equation is solved numerically using a Markov chain Monte
Carlo method to obtain(x,y,z,t). Probability distributions are used to guide the photon
random walk through the curved multilayered semi-infinite slab model using random
selection algorithms as described in Ross [99]. The photon’s free path wasdvaxlate
exponentially distributed random variable with lambda equaj, tihve probability of
reflection at a boundary between layers was modeled as a Bernoulli distrémdedr
variable with p equal to the Fresnel reflection, the azimuthal angle fortthefghe
photon was modeled as a uniformly distributed random variable between O, amdi 2
the polar deflection angle was modeled as a Henyey-Greenstein randdotevaitia
anisotropy g [110]. Justification for using these probability models for rigftect
absorption, and scattering can be found in [110]. Equation ( 4.1 ) is used to determine
boundary crossing conditions. Each layer is assigned both deterministic and mtbabil
properties as listed in Figure 5-1, derived mostly from the 1zzo paper [50]. Thickness
layer 1 and layer 2 were defined to allow scattering back into the ambient medium
beyond where the actuating laser fiber tip is embedded. Thickness of layer 3, [re basi
membrane layer, and refractive indices were selected based on [50]. Theiabsorpt
coefficient, the probability of photon absorption per unit length, was found to strongly

depend on wavelength in the region of laser stimulation (1.873 microns) being
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investigated. The most important absorbers or chromophores in this regionare wat

molecules. The

Perilymph (Layer 1) Value Units
Thickness 0.2 cm
index of refraction 1.33

absorption coefficient 10.2 cm?
scattering coefficient 12 cm’
Anisotropy 0.7

Basilar Membrane

radius of curvature 0.12 to 0.08 cm
Thickness 0.3 cm
index of refraction 1.33

absorption coefficient 12.5 cm’
scattering coefficient 10 cm*
Anisotropy 0.8

Laser parameters

Wavelength 1.87 micron
Pulse shape Gaussian

Mean of Gaussian pulse 0.001 Joules
Standard Deviation of pulse 0.001

Radiant exposure 1-100 mJ/cnt
z-Position of fiber tip 0.15 cm
Diameter of fiber tip 200 micron
index of refraction of fiber tip 1.45

Simulation parameters

Dx 0.0005 cm

NXx 100

Dy 0.0005 cm

Ny 100

Dz 0.0025

Nz 200

number of photons 1000000

number of trials 10

Figure 5-1: Cochlear Laser Transduction Model - Paameters Used for Cross-Validation with

Experimental Observations

68




absorption coefficient used in this simulation is derived from the research ot lébu e
[111]. The scattering coefficient, the probability of photon scattering pelemgith, was
derived from research done by Schmitt and Kumar [101]. The anisotropy factor, the
average cosine of the deflection angle, was set to be 0.8. For this study themnisotr
factor was established based on work done by Cheong et al. [112].

As appropriate for a Markov chain Monte Carlo method, a single photon at a time is
propagated through the Cochlear Laser Transduction model. For each photon, absorption
profiles and positions as a function of time are tracked in Cartesian coordinats. The
can be considered a single realization of the impulse response or Greemtsftordhe
tissue. Since the motions of the photons and deposition in tissue are random processes,
accurate characterization of the Green'’s function requires capturimgneslizations
and looking at the expected value or average of the profiles. For this studatiiest
were analyzed over simulations of 1,000,000 photons.

Once the Green’s function G(x,y,z) was obtained statisticallygsta@nvolved
with the profile of the laser fiber excitation, S(x,y), as shown in equation (6.1 )
produce the Absorption profile expected in the tissue.

no (5.1)
r $ * * g £ st & 81,

Figure 5-2 shows the profile of the Gaussian pulse used for this study. The
convolution was implemented in MATLAB [97]. The following section will discuss
results of applying this simulation to approximate the experimentation eedartzzo et

al. [50].
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Figure 5-2: Gaussian pulse representing the fibeaker

The 1zzo study noted that the fiber tip was positioned approximately 0.5 mm from the
basal turn of the cochlea. In order to compare with the 1zzo experimentgidtsy a
Cochlear Laser Transduction model simulation was executed with radius of ceirvatur
equal to that at the base;0.12 cm.

5.1.2 Cochlear Laser Transduction Model Prediction Compared to Laboratory
Measurement

The optical penetration depth, which is the distance over which the incident light falls

to 1/e (roughly 36%) was found to be 0.0530 cm, as shown in Figure 5-3. This is within

2% of that reported in Izzo [50].
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Figure 5-3: Optical Penetration Depth Obtained Usig the Cochlear Laser Transduction
Model Simulation Against the Izzo Parameters.

Figure 5-4: : a) Fluence for flat surface, ratio ofthe flat to curved, and surface with curvature
of =0.12 cm at z=0.175 cm., and surface with curvaturef =0.12 cm at z=0.175 cm.
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Figure 5-5:: a) Fluence for flat surface, ratio of the flat tocurved, and surface with curvature
of =0.12 cm at z=0.175 cm., and surface with curvatuiof =0.12 cm at z=0.Zm.

In order to investigate the influence of radiusofvature on the fluence in thesue,
cross setions of the fluence for=0.1Z were compared to the fluence of a flat (pl.
parallel) surface for the same parameters. Thesgestions, shown iFigure 5-4, were
taken approximately 250 mm and 500 mm from wheeeldker fiber tip was positione
Even for the relatively benign curvature in thedaggion substantial differences wi
observed. When the same simulation was done #&.08, the deviions from the
fluence of a flat surface were even larger in magie, as shown irrigure5-5. Analyzed

directly in Figure 5-6in some areas they differed by as much as



Figure 5-6: Ratio of fluence for surface with curvaure of =0.08 to fluence of flat surface.

It is expected that the spot size would grow as a function of location on the basilar
membrane. The novel contribution from the model developed in this dissertation is that
there is now a non-laboratory means for estimating how the spot size varied asa func
of location on the basilar membrane. Recall from the description of the basitgirame
is Section 1.2, the basilar membrane is tonotopic and nonlinear where the basal region
corresponds to higher frequencies and the apex corresponds to lower frequencies. In
addition, the frequency distribution across the basilar membrane is non-lihesanon-
linearity was typically ignored in electrode based simulation where bandpassfor
channel were considered to be uniform. In the case of the optical cochlear impgant, thi
nonlinearity of the basilar membrane cannot be ignored as the bandpass assadtiated wi
each channel varies significantly and can impact intelligibility. @osd novel
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contribution from this dissertation is the derivation of an equation that chaastthe
bandpass for a given optical cochlear implant configuration. This equation, captured in
equation ( 4.10), follows from inversion and full simplification of the Green’s function
with a linear equation used to model spot-size variation as a function of position on the
basilar membrane.

Recall that the subject being studied in 1zzo [49] was a gerbil. When the cochlear
laser transduction model was rerun to simulate conditions that would be seen in the
human ear, the significant curvature resulted in 16% difference in spot scaagy
from basal region where the gerbil measurements were observed in the Igdortdter
apex. This demonstrates a third novel contribution of this dissertation: not only does this
enable analysis of different cochlear-place, but it also allows analysi$esédt species.

Note: a simulation for the apical regios0.01 cm, was not attempted. Curvature
beyond this region were so severe that it limited the extent to which x- @dinecyion
could be analyzed. The approximation was found to be capable of examining roughly
0.0071 crfiwhich was too limiting given that the diameter of the fiber coupled pulsed
laser diode is 200 um or 0.02 cm. Therefore, the lower limit for radius of curvature for
this analysis was set to 0.08 cm. This would map to a limited insertion of the implant,
which would be consistent with the insertion depth for electrode-based implants.

5.1.3 Limitations for the Cochlear Laser Transduction Model

The Cochlear Laser Transduction model offers a simple, relatively éeouag to
investigate the complex interaction between laser and cochlear tissiierdtflexibility
to examine various areas of the cochlea in order to do projections of experimerttsl res

from one region of the cochlea to another. The Cochlear Laser Transduction m®del wa
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useful in calculating point spread functions based on proposed wavelength of laser
light.to give a rough estimate of how specific the neural stimulation witl bee

cochlea. Recall that one of the challenges with electrode based stimulatiorathhea

is the spread of the electrode current resulting in a smearing of thdieraizoss the
tonotopic surface and reducing spectral resolution. As seen in these simulatianghand i
experimental studies, laser transduction of the cochlear neurons has the potéstial
much more specific. In fact, the point spread functions generated via this ssmulati
indicate the potential for stimulation of up to 88 channels.

While the Cochlear Laser Transduction model is adequate for conducting design
trades and producing linear filter based models of an optical cochlear ingoé@rhine
potential intelligibility impacts, given the highly complex geometry ef¢bchlea and
more detailed finite element model would be beneficial to supplement experimental
studies.

5.2 Results from the Optical Cochlear Implant Simulator (OCIS)
5.2.1 OCIS Batch Runs

The fourth novel contribution of this research is that, unlike the simpler simulations
used for electrode based implants which are purely bandpass filterbanks thathgnore t
physics of the electricity to tissue interaction and assumes the lvasitaiorane operates
linearly, the Optical Cochlear Implant Simulator presented in this cdisieeris:

1. Grounded in physics based modeling and simulation of the laser-tissue
interaction,
2. Has been cross-validated with laboratory measurements, and

3. Takes into account the nonlinearity of the basilar membrane.
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The Texas Instrument 46 word corpus or “T146 database” consists of uttenamges f
eight male and eight female speakers. Each speaker repeats 46 words .Zedtites
dissertation, the utterances of the digits from zero to nine were used. The “clean”
(original) version of each utterance was collected at Texas Institsrim the 1980s with
precautions to get the highest sound fidelity possible [113]. The simulated utserance
were produced by processing each of the 1,579 distinct “clean” utterances thigh O
to produce simulations for 2, 4, 8, 16, 22, 24, 26, 28, 30, 31, 32, 33, 34, 36, 38, 40, 42,
44, 46, 48, 50, 52, 60, 64, and 88 channels, totaling 39,475 simulated signals.

5.2.2 Sample OCIS Outputs (simulated speech corpora)

A sample time domain plot of the signals associated with the “clean” afolthe
channel versions of Female #7 uttering the word “zero” is shown in Figure 5-7. The time
domain plot simply plots the magnitude of the waveform at the period of time wieere th
period of time spans from zero (time corresponding to the first sample of the audio
waveform) to the end time for the waveform, computed as the number of samples in the
waveform multiplied by the number of seconds per sample. The number of seconds per
sample is calculated as one over the sampling frequency.

Note that in the time domain there appears to be fairly good temporal resoltigdn. T
is because cochlear implants are able to get fairly high repetitemfoa firing the
cochlear neurons. In this case, the clean signal has a sampling frequencyiaf 16 k

whereas the degraded signal has a sampling rate of approximately 8 kHz.
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Figure 5-7: Clean (top) and four channel (bottom)itme domain waveforms for the seventh female
speaker saying “zero”.

The spectrograms for the “clean” and four channel versions of Female #7 uttering
word “zero” is shown in Figure 5-8. A spectrogram is an image depicting how the
spectral density of the input audio waveform varies with time. Since the cochlea
spectrally resolves the incoming time-varying acoustic signal, aregeatn with
frequency resolution approximately that of the cochlea is called a egchie because it

shows how the cochlea responds to the input audio waveform as a function of time.
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Figure 5-8: Spectrograms for Clean (top) and four bannel (bottom) waveforms for the seventh
female speaker saying “zero”.

Figure 5-9 shows the time domain representation for the same signal at 48 bands.
Note that the “spikes” in the waveform are better represented while tipdirsgam

frequency remains unchanged.
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Figure 5-9: Clean (top) and 48 channel (bottom) tim domain waveforms for the seventh female
speaker saying “zero”.

The spectrogram for this same set of signals (clean and 48-channelismusat
shown in Figure 5-10. Note the higher fidelity in the spectral representatitmef48

channel versus the four channel shown in Figure 5-8.
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Figure 5-10: Spectrograms for Clean (top) and 48 amnnel (bottom) waveforms for the seventh
female speaker saying “zero”.

Figure 5-11 shows the four channel configuration for OCIS, and has some sample
sound output files embedded. Please double-click on the appropriate box in the figure to

hear the output from that stage of the processing. When the four separateschannel

)
ks

combined, the synthesized speech sounds like this (double-click the I |

As the number of channels increase, better spectral resolution is achiewethehil
temporal resolution is unchanged. However, as the number of channels increases the
complexity of the coding schemes and the interconnects increases, driviagatost
potential reliability challenges. With the addition of a way of evaluatilagive

intelligibility between the multi-channel devices an architecturedcbalimplemented
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Figure 5-11: OCIS Output for Four Channel Simulation.

that allows cost, technical, and performance system analyses that could be uised to dr
optical cochlear implant system design, implementation, and testingmipastant to

note, one of the measures of the goodness of a cochlear implant is its spectit@mnesol
which calculates the smallest feature in the electromagnetia@peittat can be resolved

by the device. An 88 channel implant would equate to linear filter bandpass of 398 Hz at
the base of the cochlea. The bandpass of each of the 88 channels will get narrower, even
though the spot size gets larger as the stimulation progresses from base tdtapex wi
bandpass of roughly 12 Hz at the most apical reaches of the simulation. The reason for

this is the nonlinear map of place-to-frequency represented by the Greemmotalr.
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These figures have been computed using the Greenwood function which converts
place on the cochlea to frequency. Since high frequencies are sensed at théhease of
cochlea and low frequencies at the apex, and since smaller is in the direcomadéss
for spectral resolution, that means that optical cochlear implants will oldsettee
spectral resolution for all frequencies.

In comparison, the electrode-based implant with nominally ten channels has
associated linear filter bandpasses of roughly 2,000 Hz per channel. As a result, the
optical cochlear implant with 88 channels would provide approximately 5x to 10x bette
spectral resolution than an electrode-based implant with ten channels. Howshenyvas
in the previous section the limit for number of channels for the laboratory coniogurat
would be somewhere around 88 channels. Also, as the number of channels increases the
complexity of the coding schemes and the interconnects increases, driviagatost
potential reliability challenges. With the addition of a way of evaluatirggivel
intelligibility between the multi-channel devices an architecturedcbalimplemented
that allows cost, technical, and performance system analyses that could be uised to dr
optical cochlear implant system design, implementation, and testing.

Note that the summation of the synthesized waveforms performed in the OCIS is in
and of itself a simulation since in normal hearing listeners this remixingsoirctire
brain. Hearing is therefore a psycho-physical process that is highly sudjéair
electrode based implants, normal hearing human listeners are presehtsdwiated
spectrally degraded waveforms. The subjective and yet critical asdeanidio
intelligibility can be experienced if the reader plays the video embeddedwigch

depicts a familiar snippet of speech, spectrally reduced for simulatingy@ugh 150
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channels using the Optical Cochlear Implant Simulator developed for thidalisserTo
play the video in Figure 5-12, right click on the icon below and select “Packageér Shel
Object Object->Activate Contents”. A Windows Media Video window will open up and
the video will progress through simulation for increasing number of channels.

o

Figure 5-12: Video Object For Qualitative Assessmarof Audio Quality for Varying Numbers of
Bands.

While the video simulation is compelling in a qualitative manner, it does not allow us
to quantify the impacts to intelligibility. The fifth novel contribution of this drtation is
in establishing the concept of relative interpretability. This relatinkcaintelligibility
metric allows a stable platform for evaluating relative performandereay be used for
narrowing down a very large and complex search space to a few high potdagal va
added options which can then be presented for absolute audio intelligibility anaiysgjs
simulations with normal hearing listeners. In the following section, an aohspeech
recognition tool is used to assess relative intelligibility.
5.3 Surrogate Human Listener Results on Intelligibility
5.3.1 Data Analysis of SPHINX4 results

Speech intelligibility assessments are typically based on human seisgaaogftl 5],
[19],[106]. For devices that are in the concept development or design and implemnentati
phase it could be years before the device is approved for human testing. In ordateto c
an architecture that allows for assessment of relative performarmegamumber of
system alternatives it is necessary to identify a surrogate for humag.t&ime studies
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use simulations like that produced by OCIS, described in the previous section, with
normal hearing volunteers to conduct relative intelligibility assessmanth.studies,
however, can be significant undertakings. For the architecture describesl paler, it

was desired to identify a surrogate approach which would not rely on human subjects.
For this surrogate, a Hidden Markov Model (HMM) was used — specifically thdeHi
Markov Model as implemented in Carnegie Mellon University’s open source Java
SPHINX 4 toolkit, also described at [86].

To adequately approximate a human listener, the surrogate model should have clea
speech performance comparable to that of a human listener. The SPHINX 4lsystem
that attribute. In a rigorous study comparing automated speech recogrgtathat
performance with human speech recognition performance Lippmann noted that humans
achieved a word error rate of 0.01% for the T146 digits [89], the speech corpora used as
the foundation for this paper. On this same corpora, the clean speech TI46 digits wer
assessed through the Sphinx 4 HMM-based model and achieved a 0.08% word error rate.

HMM, a statistical model of nonstationary speech uses a transition probalaitrix m
and a probability distribution function to describe transition likelihoods between.state
As part of its performance baseline, SPHINX 4 trained a HMM for each dildite
digits zero through nine using a subset of the utterances in the corpora. In order to
compute word error rate, the recognition is assessed using maximum likelrtiend c
on the half of the corpus that was not used to train the HMM. A word error rate (WER) i
computed based on how many words were identified correctly by the recognition

algorithm.
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Each of the 39,475 synthesized utterances produced using OCIS were run through the

SPHINX 4 HMM. Results are tabulated in Figure 5-13. Figure 5-14 plots the data fr

Figure 5-13.

Figure 5-13: Results of OCIS Runs for Different Chanel Configurations.

85



Figure 5-14: Graphical Results of the OCIS Runs foDifferent Channel Configurations.

As seen in Figure 5-14, diminishing returns in intelligibility for added channe
(modeled using HMM accuracy and error rates) is observed as additionallshaene
added under clean speech conditions. However, the data also indicate that there is a
relative intelligibility gain of roughly 20 percentage points as the nuwibehannels is
increased from 20 channels to around 60 channels. It is possible that intelliganitis
under noisy conditions would exhibit even stronger delta improvement in relative
intelligibility. Since the HMM surrogate is only being used in this modetdlative
intelligibility assessment, these data would indicate that a highedityi analysis should
be conducted, perhaps using normal hearing human listeners with the same set of

simulated data, in order to identify where the breakpoint is for intelligibility

86



5.3.2 Findings from the Intelligibility Analysis

Physics-based applied Modeling and Simulation, like the work described in this
dissertation, has significant potential to improve performance of medwiabdaneeded
to support an aging population and the wounded warrior. An overall systems approach is
required, making use of surrogates for human subjects to allow for the conducgof des
trades and investigations of interesting areas of the search space théoeed for
human or animal testing. This dissertation outlined an architecture thatitsasoaé a
Markov Chain Monte-Carlo Cochlear Laser Transduction model to analyze point spread
function for a laser pulse interacting with the cochlear tissue, a lineatdfdnk Optical
Cochlear Implant Simulator which uses linear filter theory to simulate soaneferms
for different numbers of channel configurations, and an off-the-shelf HiddekoMar
Model to act as a surrogate for human listeners for assessing the natafiigbility of
the simulated waveforms. The results indicate intelligibility gainsttuiel at around 40
channels. More rigorous, higher fidelity human listener studies could now be focused in

the 40 channel area using the same simulated waveforms.
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6 CONCLUSIONS AND RECOMENDATIONS

6.1 Conclusions

1)

2)

3)

4)

5)

This dissertation has contributed five novel offerings to the field:

Pioneers a non-laboratory means for estimating how the spot size varittheasan

of location on the basilar membrane.

Produces an equation that characterizes the bandpass for a given opticat cochlea
implant configuration.

Allows extrapolation of laboratory results from one species to intelliyil@ffects in
another species

Unlike the simpler simulations used for electrode based implants which are purely
bandpass filterbanks, ignoring the physics of the electricity to tissuadatiter and
assuming the basilar membrane operates linearly, the Optical Cochj@antim
Simulator presented in this dissertation is:

grounded in physics based modeling and simulation of the laser-tissue interaction
has been cross-validated with laboratory measurements and

takes into account the nonlinearity of the basilar membrane.

Establishes the concept of a relative audio intelligibility metric aligva stable
platform for evaluating relative performance for use in narrowing downydasgye

and complex search space to a few high potential value added options.

Another major contribution is that this dissertation provides a detailed pathfarder f

model-based development for medical devices. Figure 6-1 illustrates how mselel-ba

development can positively impact the progression of medical devices from “bench to
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bedside”. Benefits span beyond the typical program lifecycle advantggesemced by
large scale integrators in defense and other applications. Given the uniquegesalle
experienced by medical device developers, the models also have the potential to
significantly improve insurance reimbursement decisions and help manufactaters

strategic investment decisions much earlier in the development lifecycle.

Figure 6-1: Potential Benefits of Model-based Appraches Addressed by Phase in the Medical Device
Lifecycle.

In addition, although the work in this dissertation was intended to be a pathfinder, the
models developed in the course of the dissertation are themselves a novel comtributi
The Cochlear Laser Transduction Model, used to determine the width of the dpeattal

based on position on the cochlea was able to give first order results. The model could be
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extended in future work using a finite element model in order to model heat transfer
which is another critical parameter for laser-tissue interaction. Adetsigners attempt to
increase repetition rate (pulse rate) there may be thermal build uprtitsithe repetition
rate or the combination of repetition rate/laser excitation wavelengtrOptieal
Cochlear Implant Simulator, OCIS, was able to utilize the output of the Cotlalear
Transduction Model, along with the Greenwood function, to produce simulated
synthesized speech for ten different channel configurations. This resultetrarg dif
over 39,000 simulated utterances that are suitable for using in Normal Heaengrlist
simulated studies (wherein human listeners with normal hearing listen to tlae kg
waveforms and judge intelligibility).

The approach proposed here, as an alternative to expensive human listener studies,
showed promise. As expected, the relative intelligibility increased as the nafnbe
channels increased up to a point. There seems to be an asymptotic behavior tlaat starts
around 40 channels under clean speech conditions. The research in this dissertation also
demonstrates that a model-based system development approach could speed and
streamline development of medical devices like the optical cochlear implanica# i
of model-based system development techniques to medical device development could
have added benefit because of the onerous but necessary approval timelineg@ssociat
with medical device development.

6.2 Recommendations

While this dissertation analyzed the sensitivity of optical cochlear imhpla

intelligibility to the number of channels, the simulator that was built can zmaly

sensitivity of optical cochlear implant intelligibility to many differéactors, including
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Wavelength of laser excitation
Beam width of laser excitation
Repetition rate

Stand-off distance

Signal to noise ratio for input speech
Processing algorithm used

Future work should use OCIS and the Cochlear Laser Transduction Model to
investigate these different parameters.

In order to have the higher fidelity need for the next step, the Cochlear Laser
Transduction Model should be converted from a Monte Carlo simulation to a finite
element model. That will allow a more precise measurement of spot size on l&we basi
membrane and it will add the dimension of thermal analysis which will becotivalan
future stages of development. The resulting testbed will provide an excelléotrpléor
continuing the model-based development approach including algorithm development for
implant processing, discrete event simulation, rapid prototyping, and possibly even

embedded code generation.
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Appendix A. MATLAB Functions and Scripts

% all scenarios were validated against the Wang manual

% and then updated for stripping out reflectance and transmittance

% recording...and to scale Axyz (it was in absolute weight of photons

% absorbed...now it is in absorption per cm"3. Way to accomplished that was
% by dividing through the Axyz aggregated over the simulation by the number
% of photons sent through and by the volume in cubic centimeters of the

% cell used to aggregate.

% First, run the cochlear scenario and compute the absorbances. The number
% of photons used should be 1074 or greater. Let's use 10"5

% Note: need to verify that Axyz does not change substantially when go up

% by an order of magnitude

%setting up a sequence of runs that lets us look at the effects of
%curvature

num_photons = 1000000;

numRuns = 3;

% lets call this basal run
dr = 0.0005;
dz = 0.0025;
nr = 100; % makes the extent of our simulated tissue region from -dr*nr to dr*nr
% or for this simulation from -0.1cm to 0.1cm
nz= 200; % makes the extent of our simulate z layers from 0 to dz*nz
rho =0.12;
if ((nr*dr)"2 + (nr*dr)"2) > rho”2
fprintf('Curvature too severe to use this model. Reduce nr or change rho. Or use FEM\n");
return;
end
[dzbasal, drbasal, nzbasal, nrbasal, rhobasal, newTopbasal, Abasal, A_zbasal,A_rzbasal,
Axyzbasal,allXbasal,allYbasal, allZbasal, allTbasal, mxStepbasal, muaVector, musVector, num_photons] =
main(numRuns, num_photons, 0, dr, dz, rho, nr, nz);

% let's call this close to apical

rho = 0.0710;
if ((nr*dr)*2 + (nr*dr)"2) > rho”2

fprintf('Curvature too severe to use this model. Reduce nr or change rho. Or use FEM\n");

return;
end
[dzapical, drapical, nzapical, nrapical, rhoapical, newTopapical, Aapical, A_zapical A_rzapical,
Axyzapical,allXapical,allYapical, allZapical, allTapical, mxStepapical, muaVector, musVector, num_photons]
= main(numRuns, num_photons, 0, dr, dz, rho, nr, nz);

% let's call this flat

rho = 0.0;

[dzflat, drflat, nzflat, nrflat, rhoflat, newTopflat, Aflat, A_zflat,A_rzflat, Axyzflat,allXflat,allYflat, allZflat, allTflat,
mxStepflat, muaVector, musVector, num_photons] = main(humRuns, num_photons, 0, dr, dz, rho, nr, nz);
% create a nice set of plots showing results

plot6ContoursAz( newTopflat, newTopbasal, newTopapical, A_zflat, A_zbasal, A_zapical, dz, nz, dr, nr)

fluenceGreensbhasal = Axyzbasal/muaVector(1);
fluenceGreensapical = Axyzapical/muaVector(1);
fluenceGreensflat = Axyzflat/muaVector(1);
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% the fluence is the Absorbance divided by the absorption coefficient
% units for the fluence Green's function is Joules per cm”2 per Joule of
% incoming radiation

% setting up to convolve the gaussian pulse with the Green's function

% per the 1zzo paper, the radiant exposure (fluence) of the beam ranges from
% 1 to 100 mJ/cm”2. That is the total energy in the entire pulse per unit

% area. The diameter of the optical fiber is 200*10(-6) m

% or 0.02 cm, so the radius is half of that, 0.01 cm

% since the area of the fiber exposed to the cochlear fluid is

% pi* (0.01)"2 in cm”2 = 3.1416e-004 cm”"2

% the total energy in the entire pulse would be anywhere from

% 3.1416e-004 mJ to (3.1416e-004)*100 mJ.

% Right now | am assuming an instantaneous delivery of the energy to the

% tissue

fiberRadius = 0.01; % cm

fiberArea = pi*(fiberRadius)"2; % cm2

radiantExposure = 1*10/(-3); %J/cm2 assumes radiant exposure of 1 mJ/cm”2 which is the max indicated in
the 1zzo paper

P = radiantExposure * fiberArea; % J...this is the total power in the pulse

% set up the Gaussian Contour
[X,Y]=meshgrid(-nr*dr:dr:nr*dr,-nr*dr:dr:nr*dr);
GaussContour = exp(-2* (((X."2+Y.72).7(.5))./(.01)).72);
% and then normalize so that it has total power = P

GaussContour = (GaussContour/(sum(sum(sum(GaussContour)))))*P; % Joules
% this is the surface that needs to be convolved with the Green's function

% the total radiant energy in this Gauss Contour should be equal to the

% radiant Exposure. so take Gauss Contour divide it by

% (sum(sum(sum(GaussContour))) and multiply that by the radiant exposure

unscaledfluenceGaussbasal = convn(fluenceGreensbasal, GaussContour, 'same’); % when this comes out,
it will be in Joules per cm"2

unscaledfluenceGaussapical = convn(fluenceGreensapical, GaussContour, 'same’); % when this comes out,
it will be in Joules per cm”2

unscaledfluenceGaussflat = convn(fluenceGreensflat, GaussContour, 'same'); % when this comes out, it will
be in Joules per cm”2

PlotFluences(fluenceGreensflat, fluenceGreensbasal, fluenceGreensapical, nz, dz )

PlotFluences(unscaledfluenceGaussflat, unscaledfluenceGaussbasal, unscaledfluenceGaussapical, nz, dz )

%%

%saved as after fixed scaling
%units for Axyzavg are Joules per cm”3 per Joule of delivered energy (or cm”-3)

% plot the cross section from above the fiber (to left of z=0.15 cm)

% through the path the light needs to take across the cochlear fluid (from
% 0.15 cm to 0.2 cm, and then into the tissue where the majority of the
% absorption happens, from 0.2 cm to 0.5 cm

zVectforplot = 0:dz:dz*(nz-1);
semilogy(zVectforplot,A_zavg);

% check newTop to make sure it's right before proceeding
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figure

contourf(newTop);

figure

[newX, newY]=meshgrid(-nr*dr:dr:nr*dr);
meshc(newX, newY, newTop);

% note, some absorption in the cochlear fluid above the fiber is to be expected
% and is due to scattering of the photons

% now look at the cross section of the point source in the r, z plane

% for the point source, r extent is very narrow, so must focus on
% r from O to 5*dr = 0.0025 cm
numrows=>5;
numcols = 51,
smallerA_rz = A_rzavg(1:numrows,50:100);
% now have half a section, need to mirror
mirror = zeros(numrows-1, numcols);
for mcount = 1:numrows-1
mirror(mcount,:) = smallerA_rz(numrows-mcount,:);
end
%now augment matrix
newSmA_rz = zeros(2*numrows-1,numcols);

newSmA_rz(humrows:2*numrows-1,:)=smallerA_rz;
newSmA_rz(1:numrows-1,:)=mirror;

figure
contourf(newSmA_rz);

%here is a script to run and plot the scattering photons
% playing with texture mapping
set(gca,'nextplot','add’, 'view', [169 18], 'Box’, ‘on’, 'Color’, [0 0 0],'XColor',[.79 .79 .79], 'YColor',[.79 .79 .79],
'ZColor', [.79 .79 .79],...
'XGrid', 'on', 'YGrid', 'on’, 'ZGrid', 'on’, 'XLim', [-.1 .1], "YLim', [-.1 .1], 'ZLim', [0 0.7]);
%set(gcf, 'color', ‘'white');
%axis([-1.0 1.0 -1.0 1.0 0.0 0.7])

pause
Z = zeros(1000,1000)+0.2; %# N-by-M matrix of data ...position the basilar membrane at z=0.2 cm
% note: the laser fiber is positioned at z=0.15
% cm, approx 5 mm from the basilar membrane
x = linspace(-1,1,size(Z,2)); %# x-coordinates for columns of Z
y = linspace(-1,1,size(Z,1)); %# y-coordinates for rows of Z
[X,Y] = meshgrid(x,y); %# Create meshes for x and y
C = imread('C:\Users\Owner\Desktop\membrane.jpg'); %# Load RGB image
h = surf(X,Y,Z,flipdim(C,1),... %# Plots surface of the basilar membrane
'‘FaceColor','texturemap’,...
‘EdgeColor','none");

alpha(0.5); % makes the basilar membrane transparent so we can see
% photons scattering from it and across it
hold on

pause(0.01);

% now come back and do the rest

%framel = getframe(gcf);

%Frameset = framel;

%Frameset(1) = framel;

possColors = {'blue’, 'green’, 'red’, 'cyan’, 'magenta’, 'yellow', ‘white'};
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smallX=allX(1:mxStep,:);smallY=allY(1:mxStep,:);smallZ=allZ(1:mxStep,:);

dims = size(smallX);
%t = 0:pi/50:10*pi;
%plot3(sin(t),cos(t),t)

p = zeros(dims(2),1);

p(1) = plot3(smallX(:,1),smallY(:,1), smallZ(:,1));

grid on

axis([-.10.10-.10.10 0.0 0.7])

hold on

pause(0.01);

%frame2 = getframe(gcf);

%Frameset = frame2;

%Frameset(2) = frame2;

% Record the movie

%p = zeros(dims(2),1);

for plotCount = 2:dims(2)% only go all the way to dims(2) if pause is off
p(plotCount) = plot3(smallX(:,plotCount),smallY(:,plotCount), smallZ(:,plotCount));
grid on
axis([-.10.10-.10 .10 0.0 0.7])
thisColor = cell2mat(possColors(mod(plotCount,7)+1)); % will start with green and cycle through
set(p(plotCount),'Color',thisColor,'LineWidth',2);
pause(0.01);
% frame2 = getframe(gcf);
% Frameset(plotCount+1) = frame2;

end

%this is a movie now but | used Camtasia

% At this point will have Axyzavg is the Green's function and it is in
% absorbance Joules per cm”3 per Joule of input energy

fluenceGreens = Axyzavg/muaVector(1);

% the fluence is the Absorbance divided by the absorption coefficient
% units for the fluence Green's function is Joules per cm”2 per Joule of
% incoming radiation

% setting up to convolve the gaussian pulse with the Green's function

% per the 1zzo paper, the radiant exposure (fluence) of the beam ranges from
% 1 to 100 mJ/cm”2. That is the total energy in the entire pulse per unit

% area. The diameter of the optical fiber is 200*10(-6) m

% or 0.02 cm), so the radius is half of that, 0.01 cm

% since the area of the fiber exposed to the cochlear fluid is

% pi* (0.01)"2 in cm”2 = 3.1416e-004 cm”2

% the total energy in the entire pulse would be anywhere from

% 3.1416e-004 mJ to (3.1416e-004)*100 mJ.

% Right now | am assuming an instantaneous delivery of the energy to the

% tissue

fiberRadius = 0.01; % cm

fiberArea = pi*(fiberRadius)"2; % cm2

radiantExposure = 1*10/(-3); %J/cm2 assumes radiant exposure of 1 mJ/cm”2 which is the max indicated in
the 1zzo paper

P = radiantExposure * fiberArea; % J...this is the total power in the pulse

% set up the Gaussian Contour
[X,Y]=meshgrid(-nr*dr:dr:nr*dr,-nr*dr:dr:nr*dr);
GaussContour = exp(-2* (((X."2+Y."2).7(.5))./(.01)).72);
% and then normalize so that it has total power = P
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GaussContour = (GaussContour/(sum(sum(sum(GaussContour)))))*P; % Joules
% this is the surface that needs to be convolved with the Green's function

% the total radiant energy in this Gauss Contour should be equal to the

% radiant Exposure. so take Gauss Contour divide it by

% (sum(sum(sum(GaussContour))) and multiply that by the radiant exposure

figure
contourf(GaussContour)
colorbar

unscaledfluenceGauss = convn(fluenceGreens, GaussContour, 'same’); % when this comes out, it will be in
Joules per cm”2

% the only thing | have is radiant exposure...which says right at the tip
% the radiant exposure has to be equal to a certain value (radiantExposure)

%%

zTip = 0.15; % cm
numTip = zTip/dz; % this is the layer that has the fluence
scale = sum(sum(unscaledfluenceGauss(:,:,;numTip+2))); % sum up all the fluence values at that layer

fluenceGauss = unscaledfluenceGauss*radiantExposure/scale; % just because we know it has to be so

% let's make a movie...looking at fluence in each z-layer from

% z =0to z = nz*xdz=0.5

mxFlu = max(max(max(fluenceGauss)));

zmin = floor(min(min(min(fluenceGauss*(40/mxFlu)))));

zmax = ceil(max(max(max(fluenceGauss*(40/mxFlu)))));

zinc = (zmax - zmin) / 39;

zlevs = zmin:zinc:zmax;

zcolors = {[0 0 143/255],[0 0 175/255],[0 0 207/255],[0 0 239/255],[0 0 255/255],[0 16/255 255/255],[0
48/255 255/255],[0 80/255 255/255],[0 111/255 255/255],[0 143/255 255/255], [0 175/255 255/255],...

[0 191/255 255/255],[0 223/255 255/255],[0/255 255/255 255/255],[16/255 255/255 239/255],[48/255
255/255 207/255],[80/255 255/255 175/255],[111/255 255/255 143/255],[143/255 255/255
111/255],[175/255 255/255 80/255],[207/255 255/255 48/255], [239/255 255/255 16/255],...

[255/255 239/255 0/255],[255/255 207/255 0/255],[255/255 175/255 0/255],[255/255 143/255
0/255],[255/255 111/255 0/255],[255/255 80/255 0/255],[255/255 64/255 0/255],[255/255 48/255
0/255],[255/255 32/255 0/255],[255/255 16/255 0/255], [255/255 0/255 0/255],...

[239/255 0/255 0/255],[232/255 0/255 0/255],[223/255 0/255 0/255],[214/255 0/255 0/255],[207/255 0/255
0/255],[191/255 0/255 0/255],[175/255 0/255 0/255]};
fori=1:nz

[c2,hc2] = contourf(fluenceGauss(:,:,i)*(40/mxFlu),zlevs);

nc = get(hc2,'Children’);

% manually set the colors according to which zlev it falls into

for ii = 1:length(nc)

ud = get(nc(ii),' UserData’);
switch ud
case zlevs(1)
set(nc(ii),'FaceColor',zcolors{1}, 'LineStyle','none");
case zlevs(2)
set(nc(ii),'FaceColor',zcolors{2}, 'LineStyle','none");
case zlevs(3)
set(nc(ii),'FaceColor',zcolors{3}, 'LineStyle','none");
case zlevs(4)
set(nc(ii),'FaceColor',zcolors{4}, 'LineStyle','none");
case zlevs(5)
set(nc(ii),'FaceColor',zcolors{5}, 'LineStyle','none");
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case zlevs(6)

set(nc(ii),'FaceColor',zcolors{6}, 'LineStyle','none");
case zlevs(7)

set(nc(ii),'FaceColor',zcolors{7}, 'LineStyle','none");
case zlevs(8)

set(nc(ii),'FaceColor',zcolors{8}, 'LineStyle','none");
case zlevs(9)

set(nc(ii),'FaceColor',zcolors{9}, 'LineStyle','none");
case zlevs(10)

set(nc(ii),'FaceColor',zcolors{10}, 'LineStyle','none");
case zlevs(11)

set(nc(ii),'FaceColor',zcolors{11}, 'LineStyle','none");
case zlevs(12)

set(nc(ii),'FaceColor',zcolors{12}, 'LineStyle','none");
case zlevs(13)

set(nc(ii),'FaceColor',zcolors{13}, 'LineStyle','none");
case zlevs(14)

set(nc(ii),'FaceColor',zcolors{14}, 'LineStyle','none");
case zlevs(15)

set(nc(ii),'FaceColor',zcolors{15}, 'LineStyle','none");
case zlevs(16)

set(nc(ii),'FaceColor',zcolors{16}, 'LineStyle','none");
case zlevs(17)

set(nc(ii),'FaceColor',zcolors{17}, 'LineStyle','none");
case zlevs(18)

set(nc(ii),'FaceColor',zcolors{18}, 'LineStyle','none");
case zlevs(19)

set(nc(ii),'FaceColor',zcolors{19}, 'LineStyle','none");
case zlevs(20)

set(nc(ii),'FaceColor',zcolors{20}, 'LineStyle','none");
case zlevs(21)

set(nc(ii),'FaceColor',zcolors{21}, 'LineStyle','none");
case zlevs(22)

set(nc(ii),'FaceColor',zcolors{22}, 'LineStyle','none");
case zlevs(23)

set(nc(ii),'FaceColor',zcolors{23}, 'LineStyle','none");
case zlevs(24)

set(nc(ii),'FaceColor',zcolors{24}, 'LineStyle','none");
case zlevs(25)

set(nc(ii),'FaceColor',zcolors{25}, 'LineStyle','none");
case zlevs(26)

set(nc(ii),'FaceColor',zcolors{26}, 'LineStyle','none");
case zlevs(27)

set(nc(ii),'FaceColor',zcolors{27}, 'LineStyle','none");
case zlevs(28)

set(nc(ii),'FaceColor',zcolors{28}, 'LineStyle','none");
case zlevs(29)

set(nc(ii),'FaceColor',zcolors{29}, 'LineStyle','none");
case zlevs(30)

set(nc(ii),'FaceColor',zcolors{30}, 'LineStyle','none");
case zlevs(31)

set(nc(ii),'FaceColor',zcolors{31}, 'LineStyle','none");
case zlevs(32)

set(nc(ii),'FaceColor',zcolors{32}, 'LineStyle','none");
case zlevs(33)

set(nc(ii),'FaceColor',zcolors{33}, 'LineStyle','none");
case zlevs(34)

set(nc(ii),'FaceColor',zcolors{34}, 'LineStyle','none");
case zlevs(35)

set(nc(ii),'FaceColor',zcolors{35}, 'LineStyle','none");
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case zlevs(36)
set(nc(ii),'FaceColor',zcolors{36}, 'LineStyle','none");
case zlevs(37)
set(nc(ii),'FaceColor',zcolors{37}, 'LineStyle','none");
case zlevs(38)
set(nc(ii),'FaceColor',zcolors{38}, 'LineStyle','none");
case zlevs(39)
set(nc(ii),'FaceColor',zcolors{39}, 'LineStyle','none");
case zlevs(40)
set(nc(ii),'FaceColor',zcolors{40}, 'LineStyle','none");
otherwise
set(nc(ii),'FaceColor',[255 255 255], 'LineStyle','none");
end
end
titleStr = sprintf('Fluence at %4.3f cm = %6.3f mJ/cm2 (%5.1f mJ/cm2 radiant exposure)',
i*dz,(sum(sum(fluenceGauss(:,:,i))))*10°(3), radiantExposure*10/3);
title(title Str);
ifi==1
pause
else
pause(0.1);
end
end

%%

fluencemJcm?2 = AGaussmJcm3/muaVector(l);

%fluence is the absorption divided by the absorption coefficient
% now in units of mJ cm2

% let's make a movie...now looking at fluence in each z-layer from

% z =010z =nz*dz=0.5

%v=[0,1.5703*10"1,1.5703*10"2, 1.5703*10"3, 1.5703*10"4, 1.5703*10"5, 1.5703*10"6];

zmin = floor(min(min(min(fluencemJcm?2*40))));

zmax = ceil(max(max(max(fluencemJcm2*40))));

zinc = (zmax - zmin) / 39;

zlevs = zmin:zinc:zmax;

zcolors = {[0 0 143/255],[0 0 175/255],[0 0 207/255],[0 0 239/255],[0 0 255/255],[0 16/255 255/255],[0
48/255 255/255],[0 80/255 255/255],[0 111/255 255/255],[0 143/255 255/255], [0 175/255 255/255],...

[0 191/255 255/255],[0 223/255 255/255],[0/255 255/255 255/255],[16/255 255/255 239/255],[48/255
255/255 207/255],[80/255 255/255 175/255],[111/255 255/255 143/255],[143/255 255/255
111/255],[175/255 255/255 80/255],[207/255 255/255 48/255], [239/255 255/255 16/255],...

[255/255 239/255 0/255],[255/255 207/255 0/255],[255/255 175/255 0/255],[255/255 143/255
0/255],[255/255 111/255 0/255],[255/255 80/255 0/255],[255/255 64/255 0/255],[255/255 48/255
0/255],[255/255 32/255 0/255],[255/255 16/255 0/255], [255/255 0/255 0/255],...

[239/255 0/255 0/255],[232/255 0/255 0/255],[223/255 0/255 0/255],[214/255 0/255 0/255],[207/255 0/255
0/255],[191/255 0/255 0/255],[175/255 0/255 0/255]};

zindex = 1;
i=1;
fori=1:nz

[c2,hc2] = contourf(fluencemJcm2(:,:,i)*40,zlevs);
nc = get(hc2,'Children’);
% manually set the colors according to which zlev it falls into
for ii = 1:length(nc)
ud = get(nc(ii),'UserData");
switch ud
case zlevs(1)
set(nc(ii),'FaceColor',zcolors{1}, 'LineStyle','none");
case zlevs(2)
set(nc(ii),'FaceColor',zcolors{2}, 'LineStyle','none");
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case zlevs(3)

set(nc(ii),'FaceColor',zcolors{3}, 'LineStyle','none");
case zlevs(4)

set(nc(ii),'FaceColor',zcolors{4}, 'LineStyle','none");
case zlevs(5)

set(nc(ii),'FaceColor',zcolors{5}, 'LineStyle','none");
case zlevs(6)

set(nc(ii),'FaceColor',zcolors{6}, 'LineStyle','none");
case zlevs(7)

set(nc(ii),'FaceColor',zcolors{7}, 'LineStyle','none");
case zlevs(8)

set(nc(ii),'FaceColor',zcolors{8}, 'LineStyle','none");
case zlevs(9)

set(nc(ii),'FaceColor',zcolors{9}, 'LineStyle','none");
case zlevs(10)

set(nc(ii),'FaceColor',zcolors{10}, 'LineStyle','none");
case zlevs(11)

set(nc(ii),'FaceColor',zcolors{11}, 'LineStyle','none");
case zlevs(12)

set(nc(ii),'FaceColor',zcolors{12}, 'LineStyle','none");
case zlevs(13)

set(nc(ii),'FaceColor',zcolors{13}, 'LineStyle','none");
case zlevs(14)

set(nc(ii),'FaceColor',zcolors{14}, 'LineStyle','none");
case zlevs(15)

set(nc(ii),'FaceColor',zcolors{15}, 'LineStyle','none");
case zlevs(16)

set(nc(ii),'FaceColor',zcolors{16}, 'LineStyle','none");
case zlevs(17)

set(nc(ii),'FaceColor',zcolors{17}, 'LineStyle','none");
case zlevs(18)

set(nc(ii),'FaceColor',zcolors{18}, 'LineStyle','none");
case zlevs(19)

set(nc(ii),'FaceColor',zcolors{19}, 'LineStyle','none");
case zlevs(20)

set(nc(ii),'FaceColor',zcolors{20}, 'LineStyle','none");
case zlevs(21)

set(nc(ii),'FaceColor',zcolors{21}, 'LineStyle','none");
case zlevs(22)

set(nc(ii),'FaceColor',zcolors{22}, 'LineStyle','none");
case zlevs(23)

set(nc(ii),'FaceColor',zcolors{23}, 'LineStyle','none");
case zlevs(24)

set(nc(ii),'FaceColor',zcolors{24}, 'LineStyle','none");
case zlevs(25)

set(nc(ii),'FaceColor',zcolors{25}, 'LineStyle','none");
case zlevs(26)

set(nc(ii),'FaceColor',zcolors{26}, 'LineStyle','none");
case zlevs(27)

set(nc(ii),'FaceColor',zcolors{27}, 'LineStyle','none");
case zlevs(28)

set(nc(ii),'FaceColor',zcolors{28}, 'LineStyle','none");
case zlevs(29)

set(nc(ii),'FaceColor',zcolors{29}, 'LineStyle','none");
case zlevs(30)

set(nc(ii),'FaceColor',zcolors{30}, 'LineStyle','none");
case zlevs(31)

set(nc(ii),'FaceColor',zcolors{31}, 'LineStyle','none");
case zlevs(32)

set(nc(ii),'FaceColor',zcolors{32}, 'LineStyle','none");
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case zlevs(33)
set(nc(ii),'FaceColor',zcolors{33}, 'LineStyle','none");
case zlevs(34)
set(nc(ii),'FaceColor',zcolors{34}, 'LineStyle','none");
case zlevs(35)
set(nc(ii),'FaceColor',zcolors{35}, 'LineStyle','none");
case zlevs(36)
set(nc(ii),'FaceColor',zcolors{36}, 'LineStyle','none");
case zlevs(37)
set(nc(ii),'FaceColor',zcolors{37}, 'LineStyle','none");
case zlevs(38)
set(nc(ii),'FaceColor',zcolors{38}, 'LineStyle','none");
case zlevs(39)
set(nc(ii),'FaceColor',zcolors{39}, 'LineStyle','none");
case zlevs(40)
set(nc(ii),'FaceColor',zcolors{40}, 'LineStyle','none");
otherwise
set(nc(ii),'FaceColor',[255 255 255], 'LineStyle','none");
end
end
titleStr = sprintf('Max fluence at %4.3f cm is %9.2f mJ/cm2', i*dz,max(max(fluencemJdecm2(:,:,i))));
title(title Str);
ifi==1
pause
else
pause(0.1);
end
end

%%

% Now looking at the results for fluence in the tissue for a Gaussian
% beam
scalel = max(max(max(sameCGauss)));
normCGauss=round((sameCGauss/scalel)*10.);
RGBset = {[255/255 0 255/255],[151/255 0 255/255],[0 64/255 255/255],[0 183/255 255/255],[0 255/255
207/255],[0 255/255 87/255],[56/255 255/255 0],[223/255 255/255 0],[255/255 191/255 0],[255/255 96/255
0], [255/255 0 01};
%401 points in the x and y directions
% 200 points in the z direction
xVec = -nr*dr:dr:(nr-1)*dr;
yVec = xVec;
zVec = 0:dz:(nz-1)*dz;
dims=size(xVec);
dimz=size(zVec);
thisColor = RGBset{normCGauss(195,179,61)};
plot3(xVec(100),yVec(100),zVec(50),-mo’,'MarkerFaceColor',[thisColor(1) thisColor(2) thisColor(3)]);
axis([-1.0 1.0-1.0 1.0 0.0 0.7])
grid on
hold on
for i =195:224
forj=179:223
for k=62:129
if (normCGauss(i,j,k)>0)
thisColor = RGBset{normCGauss(i,j,k)};
plot3(xVec(i),yVec(j),zVec(k),-mo','MarkerFaceColor',[thisColor(1) thisColor(2) thisColor(3)]);
%axis([-1.0 1.0-1.0 1.0 0.0 0.7])
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%grid on
%hold on
temp = fix(clock);
fprintf(" at (%d, %d, %d) time = %d:%d\n',i,j,k,temp(4),temp(5));
end
end

end

% temp = fix(clock);

% fprintf(" at x = %d time = %d:%d\n',i,temp(4),temp(5));

end

%axis([-.0025 .0025 -.0025 .0025 0.0 0.2])

Z = zeros(1000,1000)+0.2; %f# N-by-M matrix of data ...position the basilar membrane at z=0.2 cm
% note: the laser fiber is positioned at z=0.15
% cm, approx 5 mm from the basilar membrane
x = linspace(-1,1,size(Z,2)); %# x-coordinates for columns of Z
y = linspace(-1,1,size(Z,1)); %# y-coordinates for rows of Z
[X,Y] = meshgrid(x,y); %# Create meshes for x and y
C = imread('C:\Users\Owner\Desktop\membrane.jpg'); %# Load RGB image
h = surf(X,Y,Z,flipdim(C,1),... %# Plots surface of the basilar membrane
'FaceColor','texturemap’,...
'EdgeColor','none");
colormap

%fyi looks like you can use convn to do the n-dimensional convolution and
%get rid of ConvolveGreenandGauss

%[GaussA_rz]=ConvolveGreenandGauss(A_rzavg, dr, dz,beam_R, GAUSSLIMIT, beam_P, tol);
%[GaussX,GaussY,GaussZ] = meshPlot3DMatrix(GaussA_rz,nr,nz,dr,dz);%

%fluence = A_zavg./muaVector(1);
zVec = 0:dz:(nz-1)*dz;
semilogy(zVec, fluence)
originalRad = max(fluence)
%originalRad = 1.1282

opticalZone = originalRad *.35

% per Jacques, and that book on biological optics, the optical zone is the
% depth at which the fluence has dropped to 35% of the original radiance
% we want to find that depth for optical stimulation of the cochlea

%opticalZone = 0.3949

inTissuezindices = find(zVec>0.2);
inTissuezVec = zVec(inTissuezIndices);

inTissueFluence = fluence(inTissuezIndices);

beyondOpticalZoneslIndices = find(inTissueFluence<opticalZone);
beyondOpticalZonezVec = inTissuezVec(beyondOpticalZonesIndices);
beyondOpticalZoneFluence = inTissueFluence(beyondOpticalZonesIndices);

% thermal diffusion is too slow to diffuse out of the optical zone
% this is achieved at a pulse duration shorter than

% t = d"2 / kappa

% where d is the thickness of the absorbing layer
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% and kappa is the thermal diffusivity of the tissue
% and t is the duration of the laser pulse
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function [ysynth]=GenerateClI(yFile, numChannels, typeFile)
if stremp(typeFile,'wav')
[y,fs]=wavread(yFile);
else
y=readRaw(yFile);
fs=16000;
end
Nyquistf = fs/2;
N=length(y);
dt=1/fs;
t=(1: N)*dt-dt; % time array
flow = 10;
fHi = 7990;
freqBand = [flow fHi]; % sampling rate for T146 data is 16kHz, so only looking within this frequency band
bandPassperChannel = (freqBand(2) - fregBand(1))/numChannels;
% Pre-emphasize
preEmphasisWeight = 1.2e3/Nyquistf; % Normalized to Nyquist frequency (so between 0 and 1)
[pre_b,pre_a]=butter(1,preEmphasisWeight,'high");
utterance.preEmph = filter(pre_b,pre_a,y);
% Bandpass filter for each channel
bandpassWeight = zeros(numChannels,1);
bandpassWeight(1) = freqgBand(1);
for counter=1:numChannels
bandpassWeight(counter+1)= bandpassWeight(counter) + bandPassperChannel;
end
bandpassWeight_norm = bandpassWeight / Nyquistf; % Nyquist Normalized
% initialize arrays so the function runs faster
utterance.bandpass = zeros(size(utterance.preEmph,1),numChannels);
utterance.rectified = utterance.bandpass;
utterance.lowPass = utterance.bandpass;
% construct the bandpass filterbank
for channelCount=1:numChannels
[bpb,bpa]=butter(1,[bandpassWeight_norm(channelCount) bandpassWeight_norm(channelCount+1)]);
utterance.bandpass(:,channelCount) = filter(bpb,bpa,utterance.preEmph);
end
% Rectify the resulting sound
utterance.rectified = abs(utterance.bandpass);
% Low-pass filter the rectified sound
normalizedLowPass = 400/Nyquistf;
[Ipb,lpa]=butter(1,normalizedLowPass,'low);
for channelCount=1:numChannels
utterance.lowPass(:,channelCount) = filter(Ipb,lpa,utterance.rectified(:,channelCount));
end
% perform envelope detection
for channelCount=1:numChannels
if sum(utterance.bandpass(:,channelCount)) ==
up(:,channelCount) = 0;
else
[up(:,channelCount),down(:,channelCount)] = envelope(t,utterance.lowPass(:,channelCount),' linear’);
end
end
utterance.env = up;
% reconstruct number of channel utterances using sinusoids
block =179;
numBlks = floor(size(t,2)/block);
utterance.sint = zeros(block-1,numBIks,numChannels);
utterance.sinusoid = utterance.sint;
for channelCount = 1:numChannels
index = 1;
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for blkCount = 1:numBlks
blkEnv(:,blkCount,channelCount) = utterance.env(index:index+block-2,channelCount);
utterance.sint(:,blkCount,channelCount) = t(index:index+block-2);
index = index+block-1;
end
end
for channelCount = 1:numChannels
squaredEnv(:,:,channelCount) = blkEnv(:,:,channelCount).*blkEnv(:,:,channelCount);
for blkCount = 1:numBlks
avgEnv(:,blkCount,channelCount) = nanmean(squaredEnv(:,blkCount,channelCount));
end
end
utterance.avg = sqrt(avgEnv);
for channelCount = 1:numChannels
fsubc(channelCount) = (bandpassWeight(channelCount)+bandpassWeight(channelCount+1))/2;
fsubcrad(channelCount) = 2*pi*fsubc(channelCount);

end
for channelCount = 1:numChannels
index = 1;

for blkCount = 1:numBIlks
utterance.sinusoid(:,blkCount,channelCount) =
utterance.avg(1,blkCount,channelCount)*sin(fsubcrad(channelCount)*utterance.sint(;,blkCount));
utteranceOut(index:index+block-2,channelCount)=utterance.sinusoid(;,blkCount,channelCount);
index = index+block-1;
end
end
% Add processed bands together
output = sum(utteranceOut,2);
% make sure output is the same length as what came in
ysynth=zeros(length(y),1);
if length(output)<=length(y)
ysynth(1:length(output))=output;
else
ysynth=output(1:length(y));
end
end
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fullRoot = 'C:\cygwin\lab\speech\sphinx4\data\TI46\TI20\TRAIN\’;
topFiles = dir(fullRoot);
channelMtx=[2,4,8,16,32,64,96,128,200];
for channelCount=1:length(channelMtx)
numChannels=channelMtx(channelCount);
resFilename =
strcat('C:\Users\Owner\Desktop\ScaledComputeMetricsResults',num2str(humChannels),'channels.out’);
resID = fopen(resFilename,'w");
fprintf('%s\n',resFilename);
fprintf('Orig Filename Degraded Filename Eu Dist Normalized Eu Dist Spectral Angle
PESQ \nY);
fprintf(" \nY;
fprintf(resiD, '%s\n',resFilename);
fprintf(resID, 'Orig Filename Degraded Filename Eu Dist Normalized Eu Dist  Spectral
Angle PESQ\n");
fprintf(resiD, ' \nY);

for i = 1:length(topFiles)
if ~strcmp(topFiles(i).name,".") && ~strcmp(topFiles(i).name,"..")
if topFiles(i).isdir
newRoot = strcat(fullRoot,topFiles(i).name);
theseFiles = dir(strcat(newRoot, \*.raw"));
% origFiles = dir(strcat(newRoot, \*.raw"));
for j = 1:length(theseFiles)
thisName = theseFiles(j).name;
newName=strcat(newRoot,\',thisName,".',num2str(numChannels));
wavName = strcat(newRoot,\',theseFiles(j).name);
[y]=readRaw(wavName);
[ydeg]=GenerateCl(wavName,numChannels,'raw');
writeRaw(ydeg,newName,'synth");
euDist = sum((y/max(abs(y))-ydeg/max(abs(ydeq))).”2).”0.5;
specAng = SpectralAngle(y/max(abs(y)),ydeg/max(abs(ydeg)));
[pesq_mos]= pesq(y/max(abs(y)), ydeg/max(abs(ydeq)));
fprintf(%s  %s  %12.3f %12.3f %8.5f 9%8.5f\n', thisName,
strcat(thisName,".',num2str(numChannels),'.synth’), euDist, euDist/mean(abs(y)),specAng, pesq_mos);
fprintf(resID, '%s  %s  %12.3f %12.3f  %8.5f %38.5f \n', thisName,
strcat(thisName,".',num2str(numChannels),".synth'"), euDist, euDist/mean(abs(y)), specAng, pesq_mos);
end
end
end
end
fclose(resID);
end
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function [y,newy,origt,newt]=readsphWriteRaw2(filename)
BYTEORDER ='b';
fid=fopen(filename,'rb’,BYTEORDER);
fseek(fid,0,-1);
startString=char(fread(fid,16)");
headerLength=str2double(startString(9:15));
header={};
while 1
str=fgetl(fid);
if str(1) ~=";'
[tok,str]=strtok(str);
if stremp(tok,'end_head"), break; end
hdr(end+1,1)={tok};
[tok,str]=strtok(str);
if tok(1) ~='-, error('Missing "-" in SPHERE header"); end
if tok(2)=="s'
hdr(end,2)={str(2:str2num(tok(3:end))+1)};
elseif tok(2)=="i"
hdr(end,2)={sscanf(str,'%d",1)};
else
hdr(end,2)={sscanf(str,'%f",1)};
end
end
end
fseek(fid,1024,-1);
nsamples = cell2mat(hdr(5,2));
y=fread(fid,nsamples,'short");
newsr = 16000; %the new sampling rate, needed for SPHINX
endTime = (nsamples-1)/12500;
origt=0:1/12500:endTime;
newt =0:1/newsr:endTime;
newy = interpl(origt,y,newt,'spline");
% fwrite(fid2,newy,'short’);

fclose(fid);
%fclose(fid2);
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function [dz, dx, dy, nz, nx, ny, Aavg, Axyzavg, allX,allY, allZ, allT, mxStep] = cochlearRuns(scenario,
numRuns, RECORDPHOTONS)
%
num_layers = 2;
% the laser stimulation goes through the perilymph in the chamber
% (?) and gets scattered/transmitted through there (1st
% layer)...this is essentially the same as the ambient layer but we
% will neglect any radiation that gets scattered above the zero
% point
% the second layer is the basilar membrane where the cochlear
% ganglion reside...we're assuming it is a homogenous medium but
% likely it is not - check these assumptions, we may need to change
% to account for inhomogeneity

h =6.626068 * 10"(-34); % m2 kg /s

lambda = 1.844 *107(-6); % m note: the wavelength for the pulsed diode laser ranges from 1.844 to
1.873 microns

c =299792458; % m/s

EperPhoton = h*c/lambda;

% radiant exposures range from 1 mJ/cm”2 to 100 mJ/cm”2
% and pulse durations range from 35 microseconds to 1 ms

% first let's look at 1 mJ/cm”2
% it is over a 310 micron spot size
% (1*107-3 J/((1*107-2)m"2) * (310*107-6 m”2) = number of Joules

numJoules = ((1*107(-3)) / (1*107(-2))) * (310*107(-6));

num_photons_fullPulse = numJoules/EperPhoton; % that's a lot of photons, will be delivered over a
duration of 35 microsec to 1 millisec

% we'll stick with the Green's function and convolution...
num_photons = 10000;

photon_rep = 5;

% the total extent of the basal region is approx 500 microns
% the fiber is placed 0.5 mm from the spiral ganglion

% so the light needs to traverse layer 1 = cochlear fluid

% through layer 2 = basal tissue

% let's look at an area 600 microns by 600 microns (x and y)
% = 0.06 cm by 0.06 cm

% by a depth of 0.5 mm + 0.5 mm = 1mm = 0.1 cm

% lets look at 0.0005 cm slivers in x/y direction

dx = 0.0005;

dy = 0.0005;

dz = 0.0005;

nz= 200;

nx = 120;

ny = 120;

% from the 1zzo paper, the index of refraction of the fiber is 1.45
% the index of refraction of the cochlear fluid should be about the
% same as saline...1.33

% for now, we will assume to index of refraction of the basilar

% tissue is the same as that of the fluid since the tissue should be over 70% water
% the index of refraction is sensitive to wavelength, and multiple
% studies have been done on the optical properties of tissue

% I'm just not sure which of these pertain to basilar tissue...

% hopefully, the photons will not transmit beyond the basilar
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% tissue. we will need to check on that, but just in case keep the
% same index of refraction

nVector = [1.45,1.33,1.33,1.33];

% in this region of light (1.844 to 1.873 microns) being proposed

% by Izzo et al, the most

% important absorbers or chromophores are water molecules.

% The mua is going to be taken from:

% L. Kou and D. Labrie and P. Chylek, "Refractive indices of water and ice
% in the 0.65-2.5um spectral range," Appl. Opt., 32, 3531--3540, (1993).
% over the range 1.844 to 1.873. We will need to input wavelength

% and then do some interpolating

% Kou data organized as wavelength in nm, mua in cm”-1
KouData = [[1879,31.767034];[1872,21.548102]; [1865, 15.76692];[1860, 12.782798];...

[1851,11.133899];[1845,10.08034];[1838,9.708512]];
% we will input operatingWavelength in nanometers

thisMua = interpl(KouData(:,1),KouData(:,2),operatingWavelength);

% again, we are assuming that the tissue absorption is roughly the
% same as that of water, and that the saline cochlear fluid has

% roughly the same absorption as that of water. These assumptions
% need to be validated.

muaVector = [thisMua, thisMua];

% scattering has a weaker dependence on wavelength than absorption
% so we won't do an interpolation

% the values here are from a paper in 2788 APPLIED OPTICS y Vol.
% 37, No. 13y 1 May 1998

% Optical scattering properties of soft tissue: a discrete particle model
% by Joseph M. Schmitt and Gitesh Kumar

musVector = [10,10];

% the total extent of the basal region is approx 500 microns
% the fiber is placed 0.5 mm from the spiral ganglion

% so the light needs to traverse layer 1 = cochlear fluid

% through layer 2 = basal tissue

% let's look at an area 600 microns by 600 microns (x and y)
% = 0.06 cm by 0.06 cm

% by a depth of 0.5 mm + 0.5 mm = 1mm = 0.1 cm

% lets look at 0.0005 cm slivers in x/y direction

dVector =[0.05, 0.06];
topVector = [0,dVector(1)];
bottomVector = [dVector(1), dVector(1)+dVector(2)];

%anisotropy for biological tissue based on the paper in

% IEEE Journal of Quantum Electronics Vol 26 #12 Dec 1990
% "Review of Optical Properties of Biological Tissue"

% by Cheong et al...anisotropy taken from p 2177

% for wavelength 2100 nm for murine (albino)

gVector =[0.8, 0.8];

%
A = zeros(humRuns,1);
A_| = zeros(humRuns,num_layers);
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A_rz=zeros(nr,nz, numRuns);
A_z=zeros(numRuns,nz);
Rd = zeros(numRuns,1);
Rd_a = zeros(numRuns,na);
Rd_r = zeros(numRuns,nr);
Rd_ra = zeros(nr,na, numRuns);
Rs = zeros(numRuns,1);
Tt= zeros(humRuns,1);
Tt_a = zeros(humRuns,na);
Tt_r = zeros(numRuns,nr);
Tt_ra = zeros(nr,na,numRuns);
if RECORDPHOTONS ==
% only record one run's worth, and only record up to 10K bounces for up
% to 1000 photons
numsStepsAllowed = 10000;
numPhotonsAllowed = 1000;
allX = zeros(numStepsAllowed,min(num_photons, numPhotonsAllowed));
ally = zeros(numStepsAllowed,min(num_photons, numPhotonsAllowed));
allz = zeros(numStepsAllowed, min(num_photons, numPhotonsAllowed));
allT = zeros(numStepsAllowed, min(num_photons, numPhotonsAllowed));
mxStep = 1;
end
for count = 1:numRuns
[ Rd_ra(:,:, count), Tt_ra(:,:,count), Rd_r(count,:), Tt_r(count,:), Rd_a(count,:), Tt_a(count,:), Rd(count),
Rs(count), Tt(count),A_z(count,:), A_I(count,:), A(count), A_rz(:,:, count), allX(:,:, count), allY(:,:, count),
allz(:,:, count), allT(:,:, count), mxStep] = doOneRun(num_layers, num_photons, photon_rep, dz, dr, nz, nr,
na, da, nVector, muaVector, musVector, dVector, topVector, bottomVector, gVector, count, mxStep,
numStepsAllowed, numPhotonsAllowed, allX, allY, allZ, allT, RECORDPHOTONS);
end

Aavg = mean(A);

Rdavg = mean(Rd);
Rd_aavg = mean(Rd_a);
Rd_ravg = mean(Rd_r);
Rsavg = mean(Rs);
Ttavg = mean(Tt);
Tt_aavg = mean(Tt_a);
Tt_ravg = mean(Tt_r);

A_lavg = mean(A_l);
A_zavg = mean(A_z);

A_rzavg=A_rz(:,:,1);

for i=2:numRuns
A_rzavg=A_rzavg+A_rz(:,:,i);

end

A_rzavg=A_rzavg./numRuns;

Rd_raavg=Rd_ra(:,:,1);

for i=2:numRuns
Rd_raavg=Rd_raavg+Rd_ra(:,:,i);

end

Rd_raavg=Rd_raavg./numRuns;

Tt_raavg=Tt_ra(:,:,1);

for i=2:numRuns
Tt_raavg=Tt_raavg+Tt_ra(:,:,i);

end
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Tt_raavg=Tt_raavg./numRuns;
end
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function [ cos_crit0, cos_critl] = CriticalAngle( Num_Layers, nVector )
%l

% * Compute the critical angles for total internal

% * reflection according to the relative refractive index
% * of the layer.

% * All layers are processed.

% ****/

cos_crit0 = zeros(Num_Layers,1);
cos_critl = zeros(Num_Layers,1);
for i=1:Num_Layers

nl = nVector(i+1);

n2 = nVector(i);

if n1>n2
cos_crit0(i) = sqrt(1.0 - n2*n2/(n1*nl));
else
cos_crit0(i) = 0.0;
end
n2 = nVector(i+2);
if n1>n2
cos_critd(i) = sqrt(1.0 - n2*n2/(n1*nl));
else
cos_critl(i)= 0.0;
end
end
end
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function [photon_weight,layer, photon_ux,photon_uy,photon_uz] = CrossDnOrNot( num_layers,photon_ux,
photon_uy,photon_uz, layer, nVector, cos_critlVector, COSZERO, COS90D,photon_weight)
%

%/

% * Decide whether the photon will be transmitted or be
% * reflected on the bottom boundary (uz>0) of the current
% * layer.

% *

% * If the photon is transmitted, move the photon to

% * "layer+1".

% *

% * Update the photon parmameters.

% ****/

% Needs RecordT - done

uz = photon_uz; %/* z directional cosine. */

% double uzl; /* cosines of transmission alpha. */
% short layer = Photon_Ptr->layer;

ni = nVector(layer+1);

nt = nVector(layer+2);

% /* Getr.*/
if( uz <= cos_critlVector(layer))
r=1.0; %/* total internal reflection. */
else
[ uzl, r] = RFresnel(ni, nt,uz, COSZERO, COS90D );

end

if and(layer == num_layers , r<1.0)
photon_weight = photon_weight * r;
photon_uz = -uz;
else
if(rand> r) %/* transmitted to layer+1. */
layer=layer+1;
photon_ux = photon_ux* ni/nt;
photon_uy = photon_uy* ni/nt;
photon_uz = uzl;
else %/* reflected. */
photon_uz = -uz;
end
end
end
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function [photon_weight,layer, photon_ux,photon_uy,photon_uz] = CrossOrNot(photon_ux,
photon_uy,photon_uz, layer, nVector, cos_critOVector, cos_critlVector, COSZERO,
COS90D,photon_weight,num_layers)
%l
%Needs CrossUpOrNot and CrossDnOrNot - done
if(photon_uz < 0.0)

[photon_weight,layer, photon_ux,photon_uy,photon_uz] = CrossUpOrNot(photon_ux,
photon_uy,photon_uz, layer, nVector, cos_critOVector, COSZERO, COS90D,photon_weight);
else

[photon_weight,layer, photon_ux,photon_uy,photon_uz] = CrossDnOrNot( num_layers,photon_ux,
photon_uy,photon_uz, layer, nVector, cos_critlVector, COSZERO, COS90D,photon_weight);
end
end
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function [photon_weight,layer, photon_ux,photon_uy,photon_uz] = CrossUpOrNot(photon_ux,
photon_uy,photon_uz, layer, nVector, cos_critOVector, COSZERO, COS90D,photon_weight)
%

%/

% * Decide whether the photon will be transmitted or
% * reflected on the upper boundary (uz<0) of the current
% * layer.

% *

% * If "layer" is the first layer, the photon packet will

% * be partially transmitted and partially reflected

% *

% * If the "layer" is not the first layer and the photon

% * packet is transmitted, move the photon to "layer-1".
% *

% * Update the photon parmameters.

% ****/

% Needs RFresnel - done

% RecordR - done

%

%

uz = photon_uz;%?* z directional cosine. */

%uzl; /* cosines of transmission alpha. always */
% [* positive. */

ni = nVector(layer+1);

nt = nVector(layer);

% /* Getr.*
if( - uz <= cos_critOVector(layer))

r=1.0; %/* total internal reflection. */
else
[ uzl, r ] = RFresnel(ni, nt,-uz, COSZERO, COS90D );
end
if and((layer == 1), (r<1.0)) % [* partially transmitted. */
photon_weight = photon_weight * r;
photon_uz = -uz; %/* reflected photon. */
else

if(rand > r) %/* transmitted to layer-1. */
layer = layer -1;
photon_ux = photon_ux* ni/nt;
photon_uy = photon_uy* ni/nt;
photon_uz = -uzl;
else %l/* reflected. */
photon_uz = -uz;
end
end
end
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function [A_z, A_I, A, A_rz, Axyz,allX, allY, allZ, allT, mxStep] = shootOnePhoton(num_layers,
num_photons, photon_rep, dz, dr, nz, nr, na, da, nVector, nTip, zTip, muaVector, musVector, topVector,
bottomVector, gVector, count, mxStep, numStepsAllowed, numPhotonsAllowed,allX, allY, allz, allT,
RECORDPHOTONS)

% this is the meat of the monte carlo. It will get repeatedly called to

% model the scatter, reflection, transmittance, and absorption of many,
% many photons. Main will take multiple instantiations of individual

% photons zipping around the tissue and will make a statistical picture of
% what happens on average

%compute the critical angles
[ cos_critOVector, cos_critlVector] = CriticalAngle( num_layers, nVector );

A_rz=zeros(nr,nz); % will eventually hold the polar coordinate version of the absorption probability density in
turbid media over r & z. [1/cm3]

Axyz = zeros(2*nr+1,2*nr+1,nz); % will eventually hold the 3D absorption probability density in cartesian
coordinates [1/cm3]

Rd_ra=zeros(nr,na); % 2D diffuse reflectance. [1/(cm2 sr)]

Tt_ra=zeros(nr,na); % 2D distribution of total transmittance. [1/(cm2 sr)]

CHANCE = 0.1;

weightThreshold = 0.00001;

COSZERO =cos(0);

COS90D= cos(pi/2);

cVacuum = 29979245800; % velocity of light in a vacuum in cm/sec

% compute the specular reflection off the tip of the fiber

temp =(1.45 - nVector(2))/(nTip + nVector(2)); % nTip is the index of refraction for the fiber
% passed in from the
% main
% we don't want to
% use this for the
% refraction of the
% ambient medium
% (fluid)

Rs = temp*temp;

i_photon = num_photons;
while (i_photon>0)
if(num_photons - i_photon == photon_rep)
fprintf('%Id photons left on run#%ld\n ', i_photon, count);
photon_rep = photon_rep* 10;
end
% zTip, passed in from the main, tells where the tip is inserted to
% should be less than the depth of layer 1
% here we initialize the photons
photonXVec= 0; photonYVec=0; photonZVec=zTip; photonTVec = 0;
step = 1;

% Launch the photon

[photon_weight, photon_state, layer, s, sleft, photon_x, photon_y, photon_z, photon_ux, photon_uy,
photon_uz] = LaunchPhoton(Rs, muaVector, musVector, COCH );

if RECORDPHOTONS ==1) && (i_photon<=numPhotonsAllowed)

[photonXVec,photonYVec, photonZVec, photonTVec, step] = RecordPhotonTimeandPosition(photon_x,
photon_y, photon_z, photonXVec, photonYVec, photonZVec, photonTVec, step, s, cVacuum, nVector,
layer);

end

while (~strcmp(photon_state,'dead"))

[Rd_ra, Tt_ra, A_rz, Axyz, sleft, ~, photon_x, photon_y, photon_z, photon_weight, layer, photon_ux,
photon_uy, photon_uz, photon_state, photonXVec, photonYVec, photonZVec, photonTVec, step, cVacuum ]
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= HopDropSpin( layer, muaVector,musVector, cos_critOVector, cos_crit1Vector, topVector, bottomVector,
photon_x, photon_y, photon_z,photon_ux, photon_uy, photon_uz, sleft, photon_weight, photon_state,
gVector, nVector, Rd_ra, Tt_ra, A_rz, Axyz, CHANCE, weightThreshold, COSZERO, COS90D, dz, dr, da,
nz, nr, na, num_layers, photonXVec, photonYVec, photonZVec, photonTVec, step, cVacuum,
RECORDPHOTONS );
end
if RECORDPHOTONS ==1 && (i_photon<=numPhotonsAllowed)
allX(1:step-1,i_photon) = photonXVec;
allY(1:step-1,i_photon) = photonYVec;
allZ(1:step-1,i_photon) = photonZVec;
allT(1:step-1,i_photon) = photonTVec;

allX(step:numStepsAllowed, i_photon) = photonXVec(step-1);
allY(step:numStepsAllowed, i_photon) = photonYVec(step-1);
allZ(step:numStepsAllowed, i_photon) = photonZVec(step-1);
end
if step-1 >mxStep
mxStep = step-1;
end
i_photon =i_photon-1;
end
% how to scale Axyz?
[Rd_ra, Tt_ra, Rd_r, Tt r, Rd_a, Tt_a, Rd, Tt,A_z, A I, A, A_rz] = SumScaleResult(nz, nr, na, dz, dr, da,
bottomVector, num_layers, num_photons, A_rz, Rd_ra, Tt_ra );
end
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function [photon_weight, A_rz, Axyz] = Drop(photon_x, photon_y, photon_z, dz, nz, dr, nr, layer,
muaVector, musVector, photon_weight, A_rz, Axyz)
%l

% * Drop photon weight inside the tissue (not glass).
% *

% * The photon is assumed not dead.

% *

% * The weight drop is dw = w*mua/(mua+mus).

% *

% * The dropped weight is assigned to the absorption array
% * elements.

% ****/

% double dwa; /* absorbed weight.*/

X = photon_x;

y = photon_y;

% double izd, ird;/* LW 5/20/98. To avoid out of short range.*/
% short iz, ir; /[*indextoz &r. */

% short layer = Photon_Ptr->layer;

% double mua, mus;

% /* compute array indices. */
izd = round(photon_z/dz)+1;
if(izd>nz)

iz=nz;
else
iz =izd;
end

ixd = round(photon_x/dr)+nr+1;
if(ixd>nr)
ix=nr;
else
if (ixd <= 0)
ix=1;
else
iX =ixd;
end
end

iyd = round(photon_y/dr)+nr+ 1;
if(iyd>nr)
iy=nr;
else
if (iyd <= 0)
iy=1;
else
iy = iyd;
end
end

ird = round( sqrt( (x*x)+(y*y) )/dr) + 1;
if(ird>nr)
ir=nr;
else
ir =ird;
end

%/* update photon weight. */
mua = muaVector(layer);
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mus = musVector(layer);
dwa = photon_weight * mua/(mua+mus);
photon_weight = photon_weight - dwa;

%/* assign dwa to the absorption array element. */
A_rz(ir,iz) = A_rz(iriz)  +dwa;
Axyz(ix,iy,iz) = Axyz(ix,iy,iz) + dwa;

end
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function [ sleft, s, hit ] = HitBoundary( layer, topVector, newTop, bottomVector, dr, nr, photon_x, photon_y,
photon_z, photon_uz, s, sleft, muaVector, musVector )

%l
% * Check if the step will hit the boundary.
% * Return 1 if hit boundary.

% * Return O otherwise.

% *

% * If the projected step hits the boundary, the members
% * s and sleft of Photon_Ptr are updated.

% ****/

% done

%/* Distance to the boundary. */

if(photon_uz>0.0)
if (layer==1) % if it's the first layer, the bottom will be curvy and you've got to know where you are to figure
out whether you'll hit or not
indx = floor( (photon_x)/(dr)) + nr+1;
indy = floor( (photon_y)/(dr)) + nr+1;
szTop = size(newTop);
if indx<1
indx =1;
else
if indx > szTop(1);
indx = szTop(1);
end
end
if indy<1
indy =1;
else
if indy > szTop(1);
indy = szTop(1);

end
end
dl_b = (newTop(indx,indy) - photon_z)/photon_uz;
else
dl_b = (bottomVector(layer) - photon_z)/photon_uz; %/* dI_b>0. */
end

else
if(photon_uz<0.0)
if (layer==2) % it it's the second layer, the top will be curvy and you've got to know where you are to
figure out whether you'll hit or not
indx = floor( (photon_x)/(dr)) + nr+1;
indy = floor( (photon_y)/(dr)) + nr+1;
szTop = size(newTop);
if indx<1
indx =1;
else
if indx > szTop(1);
indx = szTop(1);
end
end
if indy<1
indy =1;
else
if indy > szTop(1);
indy = szTop(1);
end
end
di_b = (newTop(indx,indy) - photon_z)/photon_uz;
else
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di_b = (topVector(layer) - photon_z)/photon_uz
end
end
end
if (~(photon_uz ==0.0) && (s >dl_b))
% /* not horizontal & crossing. */
mut = muaVector(layer) + musVector(layer);
sleft = (s - dl_b)*mut;

s =dl_b;

hit=1;
else

hit = 0;
end
end

1
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function [ Rd_ra, Tt_ra, A_rz, Axyz, sleft, s, photon_x, photon_y, photon_z, photon_weight, layer,
photon_ux, photon_uy, photon_uz, photonXVec, photonYVec, photonZVec, photonTVec, step ] =
HopDropSpinIinTissue( layer, muaVector,musVector, cos_critOVector, cos_critlVector,sleft, topVector,
bottomVector, photon_x, photon_y, photon_z,photon_ux, photon_uy, photon_uz, photon_weight, gVector,
nVector, Rd_ra, Tt _ra, A_rz, Axyz, COSZERO, COS90D, dz, dr, da, nz, nr, na,num_layers, photonXVec,
photonYVec, photonZVec, photonTVec, step, cVacuum , RECORDPHOTONS )

%UNTITLED4 Summary of this function goes here
% Detailed explanation goes here

% Needs

% StepSizelnTissue -done

% HitBoundary - done

% Hop - done

% CrossOrNot - done

% Drop - done

% Spin - done

[ s, sleft] = StepSizelnTissue( layer,muaVector,musVector, sleft );
[ sleft, s, hit ] = HitBoundary( layer, topVector, bottomVector, photon_z, photon_uz, s,sleft, muaVector,
musVector );

if(hit==1)
[photon_x, photon_y, photon_z ] = Hop(s, photon_x, photon_y, photon_z, photon_ux, photon_uy,
photon_uz ); %/* move to boundary plane. */

if RECORDPHOTONS==1

[photonXVec,photonYVec, photonZVec, photonTVec, step] = RecordPhotonTimeandPosition(photon_x,
photon_y, photon_z, photonXVec, photonYVec, photonZVec, photonTVec, step, s, cVacuum, nVector,
layer);

end

[Rd_ra, Tt_ra, photon_weight,layer, photon_ux,photon_uy,photon_uz ] = CrossOrNot(photon_ux,
photon_uy,photon_uz, layer, nVector, cos_critOVector, cos_critlVector, COSZERO, COS90D, photon_x,
photon_y,photon_weight, da, dr, na, nr, Rd_ra, Tt_ra, hum_layers );
else

[photon_x, photon_y, photon_z ] = Hop(s, photon_x, photon_y, photon_z, photon_ux, photon_uy,
photon_uz );

[photon_weight, A_rz, Axyz] = Drop(photon_x, photon_y, photon_z, dz, nz, dr, nr, layer, muaVector,
musVector, photon_weight, A rz, Axyz);

[photon_ux, photon_uy, photon_uz] = Spin(gVector, layer, photon_ux, photon_uy, photon_uz, COSZERO

if RECORDPHOTONS ==

[photonXVec,photonYVec, photonZVec, photonTVec, step] = RecordPhotonTimeandPosition(photon_x,
photon_y, photon_z, photonXVec, photonYVec, photonZVec, photonTVec, step, s, cVacuum, nVector,
layer);

end
end
end
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% you have validated all of the scenarios against the manual

% Now, run the cochlear scenario (scenario #10), and get the things you need

[dz, dr, da, nz, nr, na, Aavg,
Rdavg,Rd_aavg,Rd_ravg,Rsavg,Ttavg,Tt_aavg,Tt_ravg,A_lavg,A_zavg,A_rzavg,Axyzavg,
Rd_raavg,Tt_raavg,allX,allY, allZ, allT, mxStep, muaVector, musVector] = mainRuns(10, 2, 1);

% plot the cross section from above the fiber (to left of z=0.15 cm)

% through the path the light needs to take across the cochlear fluid (from
% 0.15 cm to 0.2 cm, and then into the tissue where the majority of the
% absorption happens, from 0.2 cm to 0.5 cm

zVectforplot = 0:dz:dz*(nz-1);

semilogy(zVectforplot,A_zavg);

% note, absorption in the cochlear fluid above the fiber is to be expected
% and is due to scattering of the photons

% now look at the cross section of the point source in the r, z plane

% for the point source, r extent is very narrow, so must focus on
% r from O to 5*dr = 0.0025 cm
numrows=5;
numcols = 51;
smallerA_rz = A_rzavg(1:numrows,50:100);
% now have half a section, need to mirror
mirror = zeros(numrows-1, numcols);
for mcount = 1:numrows-1
mirror(mcount,:) = smallerA_rz(numrows-mcount,:);
end
%now augment matrix
newSmA_rz = zeros(2*numrows-1,numcols);

newSmA_rz(humrows:2*numrows-1,:)=smallerA_rz;
newSmA_rz(1:numrows-1,:)=mirror;

figure
contourf(newSmA_rz);

%here is a script to run and plot the scattering photons
% playing with texture mapping
set(gca,'nextplot’,'add’, 'view', [169 18], 'Box’, ‘on’, 'Color’, [0 0 0],'XColor',[.79 .79 .79], "YColor',[.79 .79 .79],
'ZColor', [.79 .79 .79],...
'XGrid', 'on’, 'YGrid', 'on’, 'ZGrid', 'on’, 'XLim', [-1 1], "YLim', [-1 1], 'ZLim', [0 0.7]);
%set(gcf, 'color', ‘'white');
%axis([-1.0 1.0 -1.0 1.0 0.0 0.7])

pause

Z = zeros(1000,1000)+0.2; %# N-by-M matrix of data ...position the basilar membrane at z=0.2 cm

% note: the laser fiber is positioned at z=0.15

% cm, approx 5 mm from the basilar membrane

x = linspace(-1,1,size(Z,2)); %# x-coordinates for columns of Z

y = linspace(-1,1,size(Z,1)); %# y-coordinates for rows of Z

[X,Y] = meshgrid(x,y); %# Create meshes for x and y

C = imread('C:\Users\Owner\Desktop\membrane.jpg"); %# Load RGB image

h = surf(X,Y,Z,flipdim(C,1),... %# Plots surface of the basilar membrane
'FaceColor','texturemap’,...
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‘EdgeColor','none");

alpha(0.5); % makes the basilar membrane transparent so we can see
% photons scattering from it and across it
hold on

pause(0.01);

% now come back and do the rest

%framel = getframe(gcf);

%Frameset = framel;

%Frameset(1) = framel;

possColors = {'blue’, ‘green’, 'red’, 'cyan’, 'magenta’, 'yellow', ‘white'};
dims = size(smallX);

%t = 0:pi/50:10*pi;

%plot3(sin(t),cos(t),t)

p = zeros(dims(2),1);

p(1) = plot3(smallX(:,1),smallY(:,1), smallZ(:,1));

grid on

axis([-1.01.0-1.01.00.00.7))

hold on

pause(0.01);

%frame2 = getframe(gcf);

%Frameset = frame2;

%Frameset(2) = frame2;

% Record the movie

%p = zeros(dims(2),1);

for plotCount = 2:dims(2)% only go all the way to dims(2) if pause is off
p(plotCount) = plot3(smallX(:,plotCount),smallY(;,plotCount), smallZ(:,plotCount));
grid on
axis([-1.01.0-1.0 1.0 0.0 0.7])
thisColor = cell2mat(possColors(mod(plotCount,7)+1)); % will start with green and cycle through
set(p(plotCount),'Color',thisColor,'LineWidth',2);
pause(0.01);
% frame2 = getframe(gcf);
% Frameset(plotCount+1) = frame2;

end

%this is a movie now but | used Camtasia

%movie2avi(Frameset, 'C:\Users\Owner\Desktop\BasilarPhotonlcm.avi');

% playing with slices to see if | can put basilar membrane level in
% there at z=0.15 cm

[X,y,z] = meshgrid(-1:.2:1,-1:.2:1,0:.1:1);
V = X.*exp(-x./2-y."2-2./2);

xslice = 0; yslice = 0; zslice = 0.15;
slice(x,y,z,v,xslice,yslice,zslice)
colormap hsv

% create a normalized Axyz

% now all the values are between 0 and 10

% map the values to a color value for the marker and

% plot the points one at a time using plot3

% we could probably section right through it using the camera azimuth
% and elevation. Well, at least we can try

scalel = max(max(max(Axyzavg)));
normAxyz=round((Axyzavg/scale1)*10.);
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RGBset = {[151/255 0 255/255],[151/255 0 255/255],[0 64/255 255/255],[0 183/255 255/255],[0 255/255
207/255],[0 255/255 87/255],[56/255 255/255 0],[223/255 255/255 0],[255/255 191/255 0],[255/255 96/255
0], [255/255 0 01};
%401 points in the x and y directions
% 200 points in the z direction
xVec = -nr*dr:dr:(nr-1)*dr;
yVec = xVec;
zVec = 0:dz:(nz-1)*dz;
dims=size(xVec);
dimz=size(zVec);
for i = 1:dims(2)
for j = 1:dims(2)
for k=1:dimz(2)
if (normAxyz(i,j,k)>0)
thisColor = RGBset{normAxyz(i,j,k)};
plot3(xVec(i),yVec(j),zVec(k),'-mo',...
‘MarkerEdgeColor',[thisColor(1) thisColor(2) thisColor(3)],...
‘MarkerFaceColor',[thisColor(1) thisColor(2) thisColor(3)],...
‘MarkerSize',5);
axis([-1.01.0-1.0 1.0 0.0 0.7])
grid on
hold on
end
end
end
fprintf(" at x = %d \n',i);
end

axis([-.0025 .0025 -.0025 .0025 0.0 0.2])

Z = zeros(1000,1000)+0.2; %# N-by-M matrix of data ...position the basilar membrane at z=0.2 cm
% note: the laser fiber is positioned at z=0.15
% cm, approx 5 mm from the basilar membrane
x = linspace(-1,1,size(Z,2)); %# x-coordinates for columns of Z
y = linspace(-1,1,size(Z,1)); %# y-coordinates for rows of Z
[X,Y] = meshgrid(x,y); %# Create meshes for x and y
C = imread('C:\Users\Owner\Desktop\membrane.jpg'); %# Load RGB image
h = surf(X,Y,Z,flipdim(C,1),... %# Plots surface of the basilar membrane
'FaceColor','texturemap’,...
'‘EdgeColor','none");
colormap

% let's look at the Greens function again - this one may be redundant so
% I'm commenting out

%xVec = -dr*nr:dr:nr*dr;

%yVec = xVec;

%z

%[b,d]=plot3d(Axyzavg,0,0);

%imagesc(d)

%[fx,fy]=gradient(d);
%h=(b.*(d.~1.5+mean(mean(d/2))*(cos((atan(fy)+atan(fx))/2)).72));
%pcolor(flipud(h));shading 'interp’ ;

%[X,Y,Z] = meshPlot3DMatrix(Axyzavg,nr,nz,dr,dz);

%figure

%contourf(2);

%% Starting here on 12 27 10

% at this point would need to convolve Green and Gauss...saving for
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% tomorrow

% per the 1zzo paper, the radiance of the beam ranges from
% 1 to 100 mJ/cm”2

% and the diameter of the optical fiber is 200*10"(-6) m

% or 0.02 cm

% radius is half of that or 0.01 cm, area of circle is pi*r'2

% so the Area of the beam = pi* (0.01) *2 in cm”2

%

% make sure Absorbance is in terms of density

%num_photons = 100000;
%AGreen = Axyzavg/(dr*dr*dz*num_photons);
% | need to fix the above coming out of the mainruns procedure

beam_R = 0.01; % assumes 1/e”2 beam radius of 0.01 cm, indicated in the 1zzo paper

beam_P = (100*107(-3)) * pi * ((0.01)"2); % assumes radiant exposure of 100 mJ/cm”2 which is the max
indicated in the Izzo paper

% SO = 2*P / (pi*R"2)

S0 = 2*beam_P/(pi*(beam_R)"2);

%S0 = 636.6198

[X,Y]=meshgrid(-nr*dr:dr:nr*dr,-nr*dr:dr:nr*dr);

GaussContour = SO*exp(-2* (((X.A2+Y.72).7(.5))./(.01)).”2); % this is the surface that needs to be convolved
with the Green's function

figure

contourf(GaussContour)

AGauss = convn(Axyzavg, GaussContour, 'same’);

FluenceGauss = AGauss/(muaVector(1));

% let's make a movie...looking at Fluence in each z-layer from

% z =0to z = nz*dz=0.5

%v=[0,1.5703*10"1,1.5703*10"2, 1.5703*10"3, 1.5703*10"4, 1.5703*10"5, 1.5703*10"6];

zmin = floor(min(min(min(FluenceGauss))));

zmax = ceil(max(max(max(FluenceGauss))));

zinc = (zmax - zmin) / 40;

zlevs = zmin:zinc:zmax;

zcolors = {[0 0 143/255],[0 0 175/255],[0 0 207/255],[0 0 239/255],[0 0 255/255],[0 16/255 255/255],[0
48/255 255/255],[0 80/255 255/255],[0 111/255 255/255],[0 143/255 255/255], [0 175/255 255/255],...

[0 191/255 255/255],[0 223/255 255/255],[0/255 255/255 255/255],[16/255 255/255 239/255],[48/255
255/255 207/255],[80/255 255/255 175/255],[111/255 255/255 143/255],[143/255 255/255
111/255],[175/255 255/255 80/255],[207/255 255/255 48/255], [239/255 255/255 16/255],...

[255/255 239/255 0/255],[255/255 207/255 0/255],[255/255 175/255 0/255],[255/255 143/255
0/255],[255/255 111/255 0/255],[255/255 80/255 0/255],[255/255 64/255 0/255],[255/255 48/255
0/255],[255/255 32/255 0/255],[255/255 16/255 0/255], [255/255 0/255 0/255],...

[239/255 0/255 0/255],[232/255 0/255 0/255],[223/255 0/255 0/255],[214/255 0/255 0/255],[207/255 0/255
0/255],[191/255 0/255 0/255],[175/255 0/255 0/255]};

zindex = 1;
i=1;
fori=1:nz

[c2,hc2] = contourf(FluenceGauss(:,:,i),zlevs);
nc = get(hc2,'Children’);
% manually set the colors according to which zlev it falls into
for ii = 1:length(nc)
ud = get(nc(ii),'UserData’);
switch ud
case zlevs(1)
set(nc(ii),'FaceColor',zcolors{1}, 'LineStyle','none");
case zlevs(2)
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set(nc(ii),'FaceColor',zcolors{2}, 'LineStyle','none");
case zlevs(3)

set(nc(ii),'FaceColor',zcolors{3}, 'LineStyle','none");
case zlevs(4)

set(nc(ii),'FaceColor',zcolors{4}, 'LineStyle','none");
case zlevs(b)

set(nc(ii),'FaceColor',zcolors{5}, 'LineStyle','none");
case zlevs(6)

set(nc(ii),'FaceColor',zcolors{6}, 'LineStyle','none");
case zlevs(7)

set(nc(ii),'FaceColor',zcolors{7}, 'LineStyle','none");
case zlevs(8)

set(nc(ii),'FaceColor',zcolors{8}, 'LineStyle','none");
case zlevs(9)

set(nc(ii),'FaceColor',zcolors{9}, 'LineStyle','none");
case zlevs(10)

set(nc(ii),'FaceColor',zcolors{10}, 'LineStyle','none");
case zlevs(11)

set(nc(ii),'FaceColor',zcolors{11}, 'LineStyle','none");
case zlevs(12)

set(nc(ii),'FaceColor',zcolors{12}, 'LineStyle','none");
case zlevs(13)

set(nc(ii),'FaceColor',zcolors{13}, 'LineStyle','none");
case zlevs(14)

set(nc(ii),'FaceColor',zcolors{14}, 'LineStyle','none");
case zlevs(15)

set(nc(ii),'FaceColor',zcolors{15}, 'LineStyle','none");
case zlevs(16)

set(nc(ii),'FaceColor',zcolors{16}, 'LineStyle','none");
case zlevs(17)

set(nc(ii),'FaceColor',zcolors{17}, 'LineStyle','none");
case zlevs(18)

set(nc(ii),'FaceColor',zcolors{18}, 'LineStyle','none");
case zlevs(19)

set(nc(ii),'FaceColor',zcolors{19}, 'LineStyle','none");
case zlevs(20)

set(nc(ii),'FaceColor',zcolors{20}, 'LineStyle','none");
case zlevs(21)

set(nc(ii),'FaceColor',zcolors{21}, 'LineStyle','none");
case zlevs(22)

set(nc(ii),'FaceColor',zcolors{22}, 'LineStyle','none");
case zlevs(23)

set(nc(ii),'FaceColor',zcolors{23}, 'LineStyle','none");
case zlevs(24)

set(nc(ii),'FaceColor',zcolors{24}, 'LineStyle','none");
case zlevs(25)

set(nc(ii),'FaceColor',zcolors{25}, 'LineStyle','none");
case zlevs(26)

set(nc(ii),'FaceColor',zcolors{26}, 'LineStyle','none");
case zlevs(27)

set(nc(ii),'FaceColor',zcolors{27}, 'LineStyle','none");
case zlevs(28)

set(nc(ii),'FaceColor',zcolors{28}, 'LineStyle','none");
case zlevs(29)

set(nc(ii),'FaceColor',zcolors{29}, 'LineStyle','none");
case zlevs(30)

set(nc(ii),'FaceColor',zcolors{30}, 'LineStyle','none");
case zlevs(31)

set(nc(ii),'FaceColor',zcolors{31}, 'LineStyle','none");
case zlevs(32)
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set(nc(ii),'FaceColor',zcolors{32}, 'LineStyle','none");
case zlevs(33)
set(nc(ii),'FaceColor',zcolors{33}, 'LineStyle','none");
case zlevs(34)
set(nc(ii),'FaceColor',zcolors{34}, 'LineStyle','none");
case zlevs(35)
set(nc(ii),'FaceColor',zcolors{35}, 'LineStyle','none");
case zlevs(36)
set(nc(ii),'FaceColor',zcolors{36}, 'LineStyle','none");
case zlevs(37)
set(nc(ii),'FaceColor',zcolors{37}, 'LineStyle','none");
case zlevs(38)
set(nc(ii),'FaceColor',zcolors{38}, 'LineStyle','none");
case zlevs(39)
set(nc(ii),'FaceColor',zcolors{39}, 'LineStyle','none");
case zlevs(40)
set(nc(ii),'FaceColor',zcolors{40}, 'LineStyle','none");
otherwise
set(nc(ii),'FaceColor',[255 255 255], 'LineStyle','none");
end
end
titleStr = sprintf('Max fluence at %4.3f cm is %9.2f ', i*dz,max(max(FluenceGauss(:,:,i))));
title(title Str);
ifi==1
pause
else
pause(0.1);
end
end

%%

% looking at the results of the Absorbance in the tissue for a Gaussian
% beam
scalel = max(max(max(sameCGauss)));
normCGauss=round((sameCGauss/scale1)*10.);
RGBset = {[255/255 0 255/255],[151/255 0 255/255],[0 64/255 255/255],[0 183/255 255/255],[0 255/255
207/255],[0 255/255 87/255],[56/255 255/255 0],[223/255 255/255 0],[255/255 191/255 0],[255/255 96/255
0], [255/255 0 01};
%401 points in the x and y directions
% 200 points in the z direction
xVec = -nr*dr:dr:(nr-1)*dr;
yVec = xVec;
zVec = 0:dz:(nz-1)*dz;
dims=size(xVec);
dimz=size(zVec);
thisColor = RGBset{normCGauss(195,179,61)};
plot3(xVec(100),yVec(100),zVec(50),-mo’,'MarkerFaceColor',[thisColor(1) thisColor(2) thisColor(3)]);
axis([-1.0 1.0-1.0 1.0 0.0 0.7])
grid on
hold on
for i =195:224

forj=179:223

for k=62:129
if (normCGauss(i,j,k)>0)
thisColor = RGBset{normCGauss(i,j,k)};
plot3(xVec(i),yVec(j),zVec(k),'-mo','MarkerFaceColor',[thisColor(1) thisColor(2) thisColor(3)]);
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%axis([-1.0 1.0 -1.0 1.0 0.0 0.7])
%grid on
%hold on
temp = fix(clock);
fprintf(" at (%d, %d, %d) time = %d:%d\n',i,j,k,temp(4),temp(5));
end
end

end

% temp = fix(clock);

% fprintf(" at x = %d time = %d:%d\n',i,temp(4),temp(5));

end

%axis([-.0025 .0025 -.0025 .0025 0.0 0.2])

Z = zeros(1000,1000)+0.2; %# N-by-M matrix of data ...position the basilar membrane at z=0.2 cm
% note: the laser fiber is positioned at z=0.15
% cm, approx 5 mm from the basilar membrane
x = linspace(-1,1,size(Z,2)); %# x-coordinates for columns of Z
y = linspace(-1,1,size(Z,1)); %# y-coordinates for rows of Z
[X,Y] = meshgrid(x,y); %# Create meshes for x and y
C = imread('C:\Users\Owner\Desktop\membrane.jpg'); %# Load RGB image
h = surf(X,Y,Z,flipdim(C,1),... %# Plots surface of the basilar membrane
'FaceColor','texturemap’,...
‘EdgeColor','none");
colormap

%fyi looks like you can use convn to do the n-dimensional convolution and
%get rid of ConvolveGreenandGauss

%[GaussA_rz]=ConvolveGreenandGauss(A_rzavg, dr, dz,beam_R, GAUSSLIMIT, beam_P, tol);
%[GaussX,GaussY,GaussZ] = meshPlot3DMatrix(GaussA_rz,nr,nz,dr,dz);%

%fluence = A_zavg./muaVector(1);
zVec = 0:dz:(nz-1)*dz;
semilogy(zVec, fluence)
originalRad = max(fluence)
%originalRad = 1.1282

opticalZone = originalRad *.35

% per Jacques, and that book on biological optics, the optical zone is the
% depth at which the fluence has dropped to 35% of the original radiance
% we want to find that depth for optical stimulation of the cochlea

%opticalZone = 0.3949

inTissuezlndices = find(zVec>0.2);
inTissuezVec = zVec(inTissuezIndices);

inTissueFluence = fluence(inTissuezIndices);

beyondOpticalZoneslIndices = find(inTissueFluence<opticalZone);
beyondOpticalZonezVec = inTissuezVec(beyondOpticalZonesIndices);
beyondOpticalZoneFluence = inTissueFluence(beyondOpticalZonesIndices);

% thermal diffusion is too slow to diffuse out of the optical zone
% this is achieved at a pulse duration shorter than
% t = d"2 / kappa
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% where d is the thickness of the absorbing layer
% and kappa is the thermal diffusivity of the tissue
% and t is the duration of the laser pulse
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function [dz, dr, nz, nr, rho, newTop, Aavg, A_zavg,A_rzavg, Axyzavg,allX,allY, allZ, allT, mxStep,
muaVector, musVector, num_photons] = main(humRuns, num_photons, RECORDPHOTONS, dr, dz, rho,
nr, nz)

%num_photons = 100000; % will now be passed in
photon_rep = 5; % how often to print out the status
%%
% Parameters for the simulation

% All of the following is from the Izzo 2006 IEEE paper

num_layers = 2; % there are two layers...the cochlear fluid layer between the tip of the fiber and the basilar
membrane and the basilar membrane

% the total extent (depth assumed) of the basal region is approx 500

% microns (0.05 cm)

% the basilar membrane length is 32 mm (0.32 cm)

% the fiber is placed 0.5 mm (0.05cm) away from the spiral ganglion

% in a fluid filled cavity that (I assume) is 0.2 cm deep

% so the light needs to traverse layer 1 = cochlear fluid...only needs to

% traverse 0.05 cm to the tissue, | made the fluid 0.2 cm so that | could

% look at scattering and absorption away from the tip of the optical fiber

% through layer 2 = basal tissue which | allow to be 0.3 cm even though the
% extent of the basal region is only 0.05 cm - | think there is other

% tissue past the basal region that | assumed was roughly homogeneous with
% the basal region and didnt want to have scattering and additional

% absorption unless appropriate.

% let's look at an area 0.2cm by 0.2cm patch (x and y)

% from -.1cm to .1cm in x and y directions so that r=0.1

% by a depth of 0.2cm(cochlear fluid cavity assumed depth) + 0.3 cm (only 0.05 cm of which is basal region
=0.5cm

% lets look at 0.0005 cm slivers in x/y direction

% the diameter of the fiber is 200 microns per the 1zzo paper,

% which means the radius is 100 microns or 0.01cm

% Note: we expect the radius of the Gaussian beam to be

% approximately 0.01 cm so at least three grid elements need to

% span that radius. grid spacing therefore 0.01/3 or less

% = 0.003 cm or less

% we choose dr= 0.0005; dz=0.0025;

%dr = 0.0005;
%dz = 0.0025;
%nr = 100; % makes the extent of our simulated tissue region from -dr*nr to dr*nr
% or for this simulation from -0.1cm to 0.1cm
%nz= 200; % makes the extent of our simulate z layers from 0 to dz*nz
% or for this simulation from 0 cm to 0.5 cm
zTip = 0.15; % how far the fiber is inserted into the layer 1 (cochlear fluid) layer
% dVector(1)-zTip = how far the tip is from the basilar
% membrane
dVector = [0.2, 0.3]; % layer 1 (cochlear fluid) has a depth of 0.2 cm, as discussed
% we'll be starting the tip at a depth of 0.15 cm,
% placing it at a distance of 0.05 cm or 0.5 mm from
% the basilar membrane
% layer 2 (basilar membrance) is assumed to have a
% depth of 0.3 cm. Izzo states that only 500 microns
% or 0.05 cm of this would be the extent of the basal
% region. I'm just assuming there is some tissue
% after that and | don't want to scatter off of it
topVector = [0,dVector(1)];
bottomVector = [dVector(1), dVector(1)+dVector(2)];
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%rho = 0.12; % this is the radius of curvature for the cochlear surface in cm
% radius of curvature at the apex is 0.01 cm
% radius of curvature at the base is 0.12 cm
% from doi: 10.1098/rsif.2005.0049
% Effects of coiling on the micromechanics of the mammalian cochlea
% Journal of the Royal Society Interface 2005 2, 341-348
% by Hongxue Cai, Daphne Manoussaki and Richard Chadwick

% first need to check condition...if rho too small (curvature too severe) and
% the extent we're trying to model is too wide, then even the curved slab
% approximation will not work
if ~(rho==00) && ((nr*dr)*2 + (nr*dr)"2) > rho”2
fprintf('Curvature too severe to use this model. Reduce nr or change rho. Or use FEM\n");
return;
end
x=-nr*dr:dr:nr*dr;
y=X
% now, create a rectangular grid that has the z coordinates of the "new"
% top of layer 2 for every (x,y)
newTop = zeros(2*nr+1,2*nr+1);

if rho ==
newTop = newTop + dVector(1);
else
for i=1:length(x)
for j=1:length(y)
newTop(i,j) = 0.2-(rho- (rho”2 -x(i)"2 - y(j)"*2)"(0.5));
end
end
end

%na = 1; %EXPLORING DELETING THESE
%da = 0.5*pi/na; % EXPLORING DELETING THESE

% from the 1zzo paper, the index of refraction of the fiber is 1.45
% the index of refraction of the cochlear fluid should be about the
% same as saline...1.33

% for now, we will assume the index of refraction of the basilar
% tissue is the same as that of the fluid since the tissue should be over 70% water
% the index of refraction is sensitive to wavelength, and multiple
% studies have been done on the optical properties of tissue

% I'm just not sure which of these pertain to basilar tissue...

% hopefully, the photons will not transmit beyond the basilar

% tissue. we will need to check on that, but just in case keep the
% same index of refraction

nTip = 1.45; % we'll have to pass nTip (index of refraction of the fiber tip in to the specular reflection
computation

% we will ignore any scattering off of the tip and just assume

% that the ambient layer has the same index of refraction as

% the cochlear fluid of layer 1

nVector = [1.33,1.33,1.33,1.33];

% in this region of light (1.844 to 1.873 microns) being proposed

% by Izzo et al, the most

% important absorbers or chromophores are water molecules.

% The mua is going to be taken from:

% L. Kou and D. Labrie and P. Chylek, "Refractive indices of water and ice
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% in the 0.65-2.5um spectral range,"” Appl. Opt., 32, 3531--3540, (1993).
% over the range 1.844 to 1.873. We will need to input wavelength
% and then do some interpolating

% Kou data organized as wavelength in nm, mua in cm”-1

KouData = [[1879,31.767034];[1872,21.548102]; [1865, 15.76692];[1860, 12.782798];...
[1851,11.133899];[1845,10.08034];[1838,9.708512]];

% we will input operatingWavelength in nanometers

operatingWavelength = (1844+1873)/2.0;

thisMua = interpl(KouData(:,1),KouData(:,2),0peratingWavelength);

% again, we are assuming that the tissue absorption is roughly the
% same as that of water, and that the saline cochlear fluid has

% roughly the same absorption as that of water. These assumptions
% need to be validated.

% mua for the perilymph as described in 1zzo paper

muaVector = [10.2, thisMua];

% scattering has a weaker dependence on wavelength than absorption
% so we won't do an interpolation

% the values here are from a paper in 2788 APPLIED OPTICS y Vol.
% 37, No. 13y 1 May 1998

% Optical scattering properties of soft tissue: a discrete particle model
% by Joseph M. Schmitt and Gitesh Kumar

musVector = [12,10];

%anisotropy for biological tissue based on the paper in

% IEEE Journal of Quantum Electronics Vol 26 #12 Dec 1990
% "Review of Optical Properties of Biological Tissue"

% by Cheong et al...anisotropy taken from p 2177

% for wavelength 2100 nm for murine (albino)

gVector =[0.7, 0.8];

%
A = zeros(numRuns,1);
A_rz=zeros(nr,nz, numRuns);
Axyz = zeros(2*nr+1,2*nr+1,nz,numRuns);
A_z=zeros(numRuns,nz);
mxStep = 1;
numStepsAllowed=0;
numPhotonsAllowed=0;
allX=0; allY=0; allz=0; allT=0;
if RECORDPHOTONS ==
% only record one run's worth, and only record up to 10K bounces for up
% to 1000 photons
numStepsAllowed = 200;
numPhotonsAllowed = 1000;
allX = zeros(hnumStepsAllowed,min(num_photons, numPhotonsAllowed));
ally = zeros(numStepsAllowed,min(num_photons, numPhotonsAllowed));
allZ = zeros(numStepsAllowed, min(num_photons, numPhotonsAllowed));
allT = zeros(numStepsAllowed, min(num_photons, numPhotonsAllowed));
mxStep = 1;
end
for count = 1:numRuns
[A_z(count,:), A(count), A_rz(:,:, count), Axyz(:,:,:, count), allX(:,), allY(:,:), allZ(:,:),allT(:,:), mxStep] =
shootOnePhoton(num_layers, num_photons, photon_rep, dz, dr, nz, nr, nVector, nTip, zTip, muaVector,
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musVector, topVector, newTop, bottomVector, gVector, count, mxStep, numStepsAllowed,
numPhotonsAllowed,allX, allY, allZ, allT, RECORDPHOTONS);
end

Aavg = mean(A);

A_zavg = mean(A_2);

A_rzavg=A_rz(;,:,1);

for i=2:numRuns
A_rzavg=A_rzavg+A_rz(:,:,);

end

A_rzavg=A_rzavg./numRuns;

Axyzavg=Axyz(:,:,:,1);

for i=2:numRuns
Axyzavg=Axyzavg+Axyz(:,:,:,i);

end

Axyzavg=Axyzavg./numRuns;

end
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Appendix B. Sample Input File for SPHINX4

C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/00F1SETO.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/00F1SET1.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/00F1SET2.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/00F1SET3.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/00F1SET4.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/00F1SET5.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/00F1SET6.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/00F1SET7.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/00F1SET8.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/00F1SET9.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/01F1SET0.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/01F1SET1.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/01F1SET2.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/01F1SET3.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/01F1SET4.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/01F1SET5.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/01F1SET6.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/01F1SET7.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/01F1SET8.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/01F1SET9.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/02F1SETO0.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/02F1SET1.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/02F1SET2.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/02F1SET3.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/02F1SET4.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/02F1SET5.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/02F1SET6.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/02F1SET7.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/02F1SET8.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/02F1SET9.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/03F1SETO0.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/03F1SET1.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/03F1SET2.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/03F1SET3.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/03F1SET4.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/03F1SET5.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/03F1SET6.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/03F1SET7.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/03F1SET8.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/03F1SET9.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/04F1SETO.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/04F1SET1.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/04F1SET2.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/04F1SET3.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/04F1SET4.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/04F1SET5.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/04F1SET6.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/04F1SET7.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/04F1SET8.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/04F1SET9.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/05F1SETO0.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/05F1SET1.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/05F1SET2.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/05F1SET3.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/05F1SET4.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/05F1SET5.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/05F1SET6.WAV.raw.32.synth five
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/05F1SET7.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/05F1SET8.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/05F1SET9.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/06F1SET0.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/06F1SET1.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/06F1SET2.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/06F1SET3.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/06 F1SET4.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/06F1SET5.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/06F1SET6.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/06F1SET7.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/06F1SET8.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/06F1SET9.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/07F1SET0.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/07F1SET1.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/07F1SET2.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/07F1SET3.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/07F1SET4.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/07F1SET5.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/07F1SET6.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/07F1SET7 . WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/07F1SET8. WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/07F1SET9.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/08F1SETO.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/08F1SET1.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/08F1SET4.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/08F1SET5.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/08F1SET6.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/08F1SET7.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/09F1SETO0.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/09F1SET1.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/09F1SET2.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/09F1SET3.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/09F1SET4.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/09F1SET5.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/09F1SET6.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/09F1SET7.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/09F1SET8.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F1/09F1SET9.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/00F2SET0.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/00F2SET1.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/00F2SET2.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/00F2SET3.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/00F2SET4.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/00F2SET5.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/00F2SET6.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/00F2SET7 . WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/00F2SET8.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/00F2SET9.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/01F2SETO0.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/01F2SET1.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/01F2SET2.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/01F2SET3.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/01F2SET4.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/01F2SET5.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/01F2SET6.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/01F2SET7.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/01F2SET8.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/01F2SET9.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/02F2SETO0.WAV.raw.32.synth two
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/02F2SET1.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/02F2SET2.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/02F2SET3.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/02F2SET4.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/02F2SET5.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/02F2SET6.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/02F2SET7.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/02F2SET8.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/02F2SET9.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/03F2SET0.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/03F2SET1.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/03F2SET2.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/03F2SET3.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/03F2SET4.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/03F2SET5.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/03F2SET6.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/03F2SET7.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/03F2SET8.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/03F2SET9.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/04F2SET0.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/04F2SET1.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/04F2SET2.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/04F2SET3.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/04F2SET4.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/04F2SET5.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/04F2SET6.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/04F2SET7.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/04F2SET8.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/04F2SET9.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/05F2SET0.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/05F2SET1.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/05F2SET2.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/05F2SET3.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/05F2SET4.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/05F2SET5.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/05F2SET6.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/05F2SET7.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/05F2SET8.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/05F2SET9.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/06 F2SET0.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/06 F2SET1.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/06 F2SET2.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/06 F2SET3.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/06 F2SET4.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/06 F2SET5.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/06 F2SET7.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/06 F2SET8.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/06 F2SET9.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/07F2SET0.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/07F2SET1.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/07F2SET2.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/07F2SET3.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/07F2SET4. WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/07F2SET5.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/07F2SET6.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/07F2SET7 . WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/07F2SET8.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/07F2SET9.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/08F2SETO0.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/08F2SET1.WAV.raw.32.synth eight
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/08F2SET2.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/08F2SET3.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/08F2SET4.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/08F2SET5.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/08F2SET6.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/08F2SET7.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/08F2SET8.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/08F2SET9.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/09F2SETO0.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/09F2SET1.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/09F2SET2.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/09F2SET3.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/09F2SET4.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/09F2SET5.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/09F2SET6.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/09F2SET7.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/09F2SET8.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F2/09F2SET9.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/00F3SETO0.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/00F3SET1.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/00F3SET2.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/00F3SET3.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/00F3SET4.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/00F3SET5.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/00F3SET6.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/00F3SET7.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/00F3SET8.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/00F3SET9.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/01F3SET0.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/01F3SET1.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/01F3SET2.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/01F3SET3.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/01F3SET4.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/01F3SET5.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/01F3SET6.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/01F3SET7.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/01F3SET8.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/01F3SET9.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/02F3SET0.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/02F3SET1.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/02F3SET2.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/02F3SET3.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/02F3SET4.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/02F3SET5.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/02F3SET6.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/02F3SET7.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/02F3SET8.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/02F3SET9.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/03F3SETO0.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/03F3SET1.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/03F3SET2.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/03F3SET3.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/03F3SET4.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/03F3SET5.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/03F3SET6.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/03F3SET7.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/03F3SET8.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/03F3SET9.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/04F3SET0.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/04F3SET1.WAV.raw.32.synth four
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/04F3SET2.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/04F3SET3.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/04F3SET4.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/04F3SET5.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/04F3SET6.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/04F3SET7.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/04F3SET8.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/04F3SET9.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/05F3SETO0.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/05F3SET1.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/05F3SET2.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/05F3SET3.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/05F3SET4.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/05F3SET5.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/05F3SET6.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/05F3SET7.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/05F3SET8.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/05F3SET9.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/06 F3SETO0.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/06 F3SET1.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/06 F3SET2.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/06 F3SET3.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/06 F3SET4.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/06 F3SET5.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/06 F3SET6.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/06 F3SET7.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/06 F3SET8.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/06 F3SET9.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/07F3SET0.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/07F3SET1.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/07F3SET2.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/07F3SET3.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/07F3SET4.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/07F3SET5.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/07F3SET6.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/07F3SET7.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/07F3SET8.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/07F3SET9.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/08F3SET0.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/08F3SET1.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/08F3SET2.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/08F3SET3.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/08F3SET4.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/08F3SET5.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/08F3SET6.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/08F3SET7.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/08F3SET8.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/08F3SET9.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/09F3SETO0.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/09F3SET1.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/09F3SET2.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/09F3SET3.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/09F3SET4.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/09F3SET5.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/09F3SET6.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/09F3SET7.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/09F3SET8.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F3/09F3SET9.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/00F4SETO.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/00F4SET1.WAV.raw.32.synth zero
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/00F4SET2.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/00F4SET3.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/00F4SET4.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/00F4SET5.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/00F4SET6.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/00F4SET7 WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/00F4SET8.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/00F4SET9.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/01FASETO.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/01FASET1.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/01FASET2.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/01FASET3.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/01FASET4.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/01FASET5.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/01FASET6.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/01FASET7.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/01FASET8.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/01FASET9.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/02FASETO.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/02FASET1.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/02FASET2.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/02FASET3.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/02FASET4.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/02FASET5.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/02FASET6.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/02FASET7.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/02FASET8.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/02FASET9.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/03F4SET0.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/03F4SET1.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/03F4SET2.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/03F4SET3.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/03F4SET4.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/03F4SET5.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/03F4SET6.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/03F4SET7.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/03F4SET8.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/03F4SET9.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/04F4SETO0.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/04F4SET1.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/04FASET2.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/04F4ASET3.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/04FASET4.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/04F4ASET5.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/04F4SET6.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/04F4SET7 . WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/04F4SET8.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/04F4SET9.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/05FASETO.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/05FASET1.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/05FASET2.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/05FASET3.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/05FASET4.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/05FASET5.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/05FASET6.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/05FASET7 .WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/05FASET8.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/05FASET9.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/06 FASETO.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/06 FASET1.WAV.raw.32.synth six
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/06 FASET2.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/06 FASET3.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/06 FASET4.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/06 F4SET5.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/06 F4SET6.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/06 F4SET7 WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/06 F4ASET8.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/06 FASET9.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/07FASETO.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/07FASET1.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/07FASET2.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/07FASET3.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/07FASET4.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/07FASET5.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/07FASET6.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/07FASET7.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/07FASET8.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/07FASET9.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/08FASETO.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/08FASET1.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/08FASET2.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/08FASET3.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/08FASET4.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/08FASET5.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/08FASET6.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/08FASET7.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/08FASET8.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/08FASET9.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/09FASETO0.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/09FASET1.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/09FASET2.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/09FASET3.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/09FASET4.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/09FASET5.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/09FASET6.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/09FASET7.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/09FASET8.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F4/09FASET9.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/00F5SET0.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/00F5SET1.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/00F5SET2.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/00F5SET3.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/00F5SET4.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/00F5SET5.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/00F5SET6.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/00F5SET7 . WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/00F5SET8.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/00F5SET9.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/01F5SETO0.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/01F5SET1.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/01F5SET2.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/01F5SET3.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/01F5SET4.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/01F5SET5.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/01F5SET6.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/01F5SET7.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/01F5SET8.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/01F5SET9.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/02F5SETO0.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/02F5SET1.WAV.raw.32.synth two
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/02F5SET2.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/02F5SET3.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/02F5SET4.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/02F5SET5.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/02F5SET6.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/02F5SET7.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/02F5SET8.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/02F5SET9.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/03F5SET0.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/03F5SET1.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/03F5SET2.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/03F5SET3.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/03F5SET4.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/03F5SET5.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/03F5SET6.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/03F5SET7.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/03F5SET8.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/03F5SET9.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/04F5SET0.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/04F5SET1.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/04F5SET2.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/04F5SET3.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/04F5SET4.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/04F5SET5.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/04F5SET6.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/04F5SET7.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/04F5SET8.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/04F5SET9.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/05F5SET0.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/05F5SET1.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/05F5SET2.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/05F5SET3.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/05F5SET4.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/05F5SET5.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/05F5SET6.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/05F5SET7.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/05F5SET8.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/05F5SET9.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/06 F5SET0.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/06 F5SET1.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/06 F5SET2.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/06 F5SET3.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/06 F5SET4.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/06 F5SET5.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/06 F5SET6.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/06 F5SET7.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/06 F5SET8.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/06 F5SET9.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/07F5SET0.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/07F5SET1.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/07F5SET2.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/07F5SET3.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/07F5SET4. WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/07F5SET5.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/07F5SET6.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/07F5SET7 . WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/07F5SET8.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/07F5SET9.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/08F5SETO0.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/08F5SET1.WAV.raw.32.synth eight
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/08F5SET2.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/08F5SET3.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/08F5SET4.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/08F5SET5.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/08F5SET6.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/08F5SET7.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/08F5SET8.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/08F5SET9.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/09F5SETO0.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/09F5SET1.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/09F5SET2.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/09F5SET3.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/09F5SET4.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/09F5SET5.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/09F5SET6.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/09F5SET7.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/09F5SET8.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F5/09F5SET9.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/00F6SETO.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/00F6SET1.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/00F6SET2.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/00F6SET3.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/00F6SET4.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/00F6SET5.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/00F6SET6.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/00F6SET7.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/00F6SET8.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/00F6SET9.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/01F6SETO.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/01F6SET1.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/01F6SET2.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/01F6SET3.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/01F6SET4.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/01F6SET5.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/01F6SET6.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/01F6SET7.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/01F6SET8.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/01F6SET9.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/02F6SETO0.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/02F6SET1.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/02F6SET2.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/02F6SET3.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/02F6SET4.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/02F6SET5.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/02F6SET6.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/02F6SET7.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/02F6SET8.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/02F6SET9.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/03F6SETO.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/03F6SET1.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/03F6SET2.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/03F6SET3.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/03F6SET4.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/03F6SET5.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/03F6SET6.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/03F6SET7.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/03F6SET8.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/03F6SET9.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/04F6SETO.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/04F6SET1.WAV.raw.32.synth four
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/04F6SET2.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/04F6SET3.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/04F6SET4.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/04F6SET5.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/04F6SET6.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/04F6SET7.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/04F6SET8.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/04F6SET9.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/05F6SETO.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/05F6SET1.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/05F6SET2.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/05F6SET3.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/05F6SET4.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/05F6SET5.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/05F6SET6.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/05F6SET7.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/05F6SET8.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/05F6SET9.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/06 F6SETO.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/06 F6SET1.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/06 F6SET2.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/06 F6SET3.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/06 F6SET4.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/06 F6SET5.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/06 F6SET6.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/06 F6SET7.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/06 F6SET8.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/06 F6SET9.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/07F6SETO.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/07F6SET1.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/07F6SET2.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/07F6SET3.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/07F6SET4.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/07F6SET5.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/07F6SET6.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/07F6SET7.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/07F6SET8.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/07F6SET9.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/08F6SETO0.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/08F6SET1.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/08F6SET2.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/08F6SET3.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/08F6SET4.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/08F6SET5.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/08F6SET6.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/08F6SET7.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/08F6SET8.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/08F6SET9.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/09F6SETO.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/09F6SET1.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/09F6SET2.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/09F6SET3.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/09F6SET4.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/09F6SET5.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/09F6SET6.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/09F6SET7.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/09F6SET8.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F6/09F6SET9.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/00F7SETO0.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/00F7SET1.WAV.raw.32.synth zero
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/00F7SET2.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/00F7SET3.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/00F7SET4.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/00F7SET5.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/00F7SET6.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/00F7SET7 . WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/00F7SET8.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/00F7SET9.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/01F7SETO0.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/01F7SET1.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/01F7SET2.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/01F7SET3.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/01F7SET4.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/01F7SET5.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/01F7SET6.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/01F7SET7.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/01F7SET8.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/01F7SET9.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/02F7SETO0.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/02F7SET1.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/02F7SET2.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/02F7SET3.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/02F7SET4.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/02F7SET5.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/02F7SET6.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/02F7SET7.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/02F7SET8.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/02F7SET9.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/03F7SET0.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/03F7SET1.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/03F7SET2.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/03F7SET3.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/03F7SET4.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/03F7SET5.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/03F7SET6.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/03F7SET7.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/03F7SET8.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/03F7SET9.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/04F7SET0.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/04F7SET1.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/04F7SET2.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/04F7SET3.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/04F7SET4.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/04F7SET5.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/04F7SET6.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/04F7SET7.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/04F7SET8.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/04F7SET9.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/05F7SETO0.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/05F7SET1.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/05F7SET2.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/05F7SET3.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/05F7SET4.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/05F7SET5.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/05F7SET6.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/05F7SET7.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/05F7SET8.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/05F7SET9.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/06F7SET0.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/06F7SET1.WAV.raw.32.synth six
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/06F7SET2.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/06F7SET3.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/06F7SET4.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/06F7SET5.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/06F7SET6.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/06F7SET7 . WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/06F7SET8.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/06F7SET9.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/07F7SET0.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/07F7SET1.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/07F7SET2.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/07F7SET3.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/07F7SET4.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/07F7SET5.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/07F7SET6.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/07F7SET7.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/07F7SET8.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/07F7SET9.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/08F7SETO0.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/08F7SET1.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/08F7SET2.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/08F7SET3.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/08F7SET4.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/08F7SET5.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/08F7SET6.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/08F7SET7.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/08F7SET8.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/08F7SET9.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/09F7SET0.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/09F7SET1.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/09F7SET2.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/09F7SET3.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/09F7SET4.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/09F7SET5.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/09F7SET6.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/09F7SET7.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/09F7SET8.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F7/09F7SET9.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/00F8SET0.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/00F8SET1.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/00F8SET2.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/00F8SET3.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/00F8SET4.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/00F8SET5.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/00F8SET6.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/00F8SET7.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/00F8SET8.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/00F8SET9.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/01F8SETO0.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/01F8SET1.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/01F8SET2.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/01F8SET3.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/01F8SET4.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/01F8SET5.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/01F8SET6.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/01F8SET7.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/01F8SET8.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/01F8SET9.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/02F8SETO0.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/02F8SET1.WAV.raw.32.synth two
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/02F8SET2.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/02F8SET3.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/02F8SET4.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/02F8SET5.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/02F8SET6.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/02F8SET7.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/02F8SET8.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/02F8SET9.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/03F8SET0.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/03F8SET1.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/03F8SET2.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/03F8SET3.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/03F8SET4.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/03F8SET5.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/03F8SET6.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/03F8SET7.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/03F8SET8.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/03F8SET9.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/04F8SET0.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/04F8SET1.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/04F8SET2.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/04F8SET3.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/04F8SET4.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/04F8SET5.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/04F8SET6.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/04F8SET7.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/04F8SET8.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/04F8SET9.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/05F8SET0.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/05F8SET1.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/05F8SET2.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/05F8SET3.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/05F8SET4.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/05F8SET5.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/05F8SET6.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/05F8SET7.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/05F8SET8.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/05F8SET9.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/06 F8SET0.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/06F8SET1.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/06F8SET2.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/06 F8SET3.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/06 F8SET4.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/06F8SET5.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/06F8SET6.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/06F8SET7.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/06 F8SET8.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/06F8SET9.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/07F8SETO0.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/07F8SET1.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/07F8SET2.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/07F8SET3.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/07F8SET4.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/07F8SET5.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/07F8SET6.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/07F8SET7 .WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/07F8SET8.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/07F8SET9.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/08F8SETO0.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/08F8SET1.WAV.raw.32.synth eight
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/08F8SET2.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/08F8SET3.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/08F8SET4.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/08F8SET5.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/08F8SET6.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/08F8SET7.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/08F8SET8.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/08F8SET9.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/09F8SETO0.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/09F8SET1.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/09F8SET2.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/09F8SET3.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/09F8SET4.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/09F8SET5.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/09F8SET6.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/09F8SET7.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/09F8SET8.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/F8/09F8SET9.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/00M1SETO.WAYV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/00M1SET1.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/00M1SET2.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/00M1SET3.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/00M1SET4.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/00M1SET5.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/00M1SET6.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/00M1SET7.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/00M1SET8.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/00M1SET9.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/01M1SETO0.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/01M1SET1.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/01M1SET2.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/01M1SET3.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/01M1SET4.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/01M1SET5.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/01M1SET6.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/01M1SET7.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/01M1SET8.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/01M1SET9.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/02M1SET0.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/02M1SET1.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/02M1SET2.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/02M1SET3.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/02M1SET4.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/02M1SET5.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/02M1SET6.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/02M1SET7.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/02M1SET8.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/02M1SET9.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/03M1SETO0.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/03M1SET1.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/03M1SET2.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/03M1SET3.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/03M1SET4.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/03M1SET5.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/03M1SET6.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/03M1SET7.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/03M1SET8.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/03M1SET9.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/04M1SETO0.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/04M1SET1.WAV.raw.32.synth four
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/04M1SET2.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/04M1SET3.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/04M1SET4.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/04M1SET5.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/04M1SET6.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/04M1SET7.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/04M1SET8.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/04M1SET9.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/05M1SETO0.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/05M1SET1.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/05M1SET2.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/05M1SET3.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/05M1SET4.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/05M1SET5.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/05M1SET6.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/05M1SET7.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/05M1SET8.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/05M1SET9.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/06M1SETO0.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/06M1SET1.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/06M1SET2.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/06M1SET3.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/06M1SET4.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/06M1SET5.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/06M1SET6.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/06M1SET7.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/06M1SET8.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/06M1SET9.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/07M1SETO0.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/07M1SET1.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/07M1SET2.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/07M1SET3.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/07M1SET4.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/07M1SET5.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/07M1SET6.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/07M1SET7.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/07M1SET8.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/07M1SET9.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/08M1SETO0.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/08M1SET1.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/08M1SET2.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/08M1SET3.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/08M1SET4.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/08M1SET5.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/08M1SET6.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/08M1SET7.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/08M1SET8.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/08M1SET9.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/09M1SETO0.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/09M1SET1.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/09M1SET2.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/09M1SET3.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/09M1SET4.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/09M1SET5.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/09M1SET6.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/09M1SET7.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/09M1SET8.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M1/09M1SET9.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/00M2SETO0.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/00M2SET1.WAV.raw.32.synth zero
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/00M2SET2.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/00M2SET3.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/00M2SET4.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/00M2SET5.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/00M2SET6.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/00M2SET7.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/00M2SET8.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/00M2SET9.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/01M2SETO0.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/01M2SET1.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/01M2SET2.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/01M2SET3.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/01M2SET4.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/01M2SET5.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/01M2SET6.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/01M2SET7.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/01M2SET8.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/01M2SET9.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/02M2SET0.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/02M2SET1.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/02M2SET2.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/02M2SET3.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/02M2SET4.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/02M2SET5.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/02M2SET6.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/02M2SET7.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/02M2SET8.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/02M2SET9.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/03M2SET0.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/03M2SET1.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/03M2SET2.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/03M2SET3.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/03M2SET4.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/03M2SET5.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/03M2SET6.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/03M2SET7. WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/03M2SET8.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/03M2SET9.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/04M2SETO0.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/04M2SET1.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/04M2SET2.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/04M2SET3.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/04M2SET4.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/04M2SET5.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/04M2SET6.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/04M2SET7.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/04M2SET8.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/04M2SET9.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/05M2SET0.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/05M2SET1.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/05M2SET2.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/05M2SET3.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/05M2SET4.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/05M2SET5.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/05M2SET6.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/05M2SET7.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/05M2SET8.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/05M2SET9.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/06M2SETO0.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/06M2SET1.WAV.raw.32.synth six
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/06M2SET2.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/06M2SET3.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/06M2SET4.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/06M2SET5.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/06M2SET6.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/06M2SET7.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/06M2SET8.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/06M2SET9.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/07M2SET0.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/07M2SET1.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/07M2SET2.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/07M2SET3.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/07M2SET4.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/07M2SET5.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/07M2SET6.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/07M2SET7.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/07M2SET8.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/07M2SET9.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/08M2SET0.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/08M2SET1.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/08M2SET2.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/08M2SET3.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/08M2SET4.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/08M2SET5.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/08M2SET6.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/08M2SET7.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/08M2SET8.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/08M2SET9.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/09M2SET0.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/09M2SET1.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/09M2SET2.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/09M2SET3.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/09M2SET4.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/09M2SET5.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/09M2SET6.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/09M2SET7.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/09M2SET8.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M2/09M2SET9.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/00M3SETO0.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/00M3SET1.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/00M3SET2.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/00M3SET3.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/00M3SET4.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/00M3SET5.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/00M3SET6.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/00M3SET7.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/00M3SET8.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/00M3SET9.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/01M3SETO0.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/01M3SET1.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/01M3SET2.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/01M3SET3.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/01M3SET4.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/01M3SET5.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/01M3SET6.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/01M3SET7.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/01M3SET8.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/01M3SET9.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/02M3SETO0.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/02M3SET1.WAV.raw.32.synth two
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/02M3SET2.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/02M3SET3.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/02M3SET4.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/02M3SET5.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/02M3SET6.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/02M3SET7.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/02M3SET8.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/02M3SET9.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/03M3SET0.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/03M3SET1.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/03M3SET2.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI146/TI20/TRAIN/M3/03M3SET3.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/03M3SET4.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/03M3SET5.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI146/TI20/TRAIN/M3/03M3SET6.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/03M3SET7.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/03M3SET8.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/03M3SET9.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/04M3SETO0.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/04M3SET1.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/04M3SET2.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/04M3SET3.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/04M3SET4.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/04M3SET5.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/04M3SET6.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/04M3SET7.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/04M3SET8.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/04M3SET9.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/05M3SET0.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/05M3SET1.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/05M3SET2.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/05M3SET3.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/05M3SET4.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/05M3SET5.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/05M3SET6.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/05M3SET7.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/05M3SET8.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/05M3SET9.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/06 M3SETO0.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/06 M3SET1.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/06M3SET2.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/06M3SET3.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/06M3SET4.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/06M3SET5.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/06M3SET6.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/06M3SET7.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/06M3SET8.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/06M3SET9.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/07M3SETO0.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/07M3SET1.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/07M3SET2.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/07M3SET3.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/07M3SET4.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/07M3SET5.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/07M3SET6.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/07M3SET7.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/07M3SET8.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/07M3SET9.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/08M3SETO0.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/08M3SET1.WAV.raw.32.synth eight
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/08M3SET2.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/08M3SET3.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/08M3SET4.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/08M3SET5.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/08M3SET6.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/08M3SET7.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/08M3SET8.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/08M3SET9.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/09M3SETO0.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/09M3SET1.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/09M3SET2.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/09M3SET3.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/09M3SET4.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/09M3SET5.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/09M3SET6.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/09M3SET7.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/09M3SET8.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M3/09M3SET9.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/00M4SETO.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/00M4SET1.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/00M4SET2.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/00M4SET3.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/00M4SET4.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/00M4SET5.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/00M4SET6.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/00M4SET7.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/00M4SET8.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/00M4SET9.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/01M4SETO.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/01M4SET2.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/01M4SET3.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/01MASET4.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/01M4SET5.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/01M4ASET6.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/01MASET7.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/01M4ASET8.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/01M4SET9.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/02M4SETO.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/02M4SET1.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/02M4SET2.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/02M4SET3.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/02M4SET4.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/02M4SET5.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/02M4SET6.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/02M4SET7.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/02M4SET8.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/02M4SET9.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/03M4SETO0.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/03M4SET1.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/03M4SET2. WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/03M4SET3.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/03M4SET4. WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/03M4SET5.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/03M4SET6.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI146/TI20/TRAIN/M4/03M4SET7. WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/03M4SET8.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/03M4SET9.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/04MASETO.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/04MASET1.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/04MASET2.WAV.raw.32.synth four
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/04MASET3.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/04MASET4. WAV .raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/04MASET5.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/04M4SET6.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/04M4SET7.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/04M4SET8.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/04M4SET9.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/05M4SETO0.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/05M4SET1.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/05M4SET2.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/05M4SET3.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/05M4SET4.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/05M4SET5.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/05M4SET6.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/05M4SET7.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/05M4SET8.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/05M4SET9.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/06M4SETO0.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/06M4SET1.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/06M4SET2.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/06M4SET3.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/06M4SET4.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/06M4SET5.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/06M4SET6.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/06MA4ASET7.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/06M4SET8.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/06M4ASET9.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/07M4SETO.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/07M4SET1.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/07M4SET2.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/07M4SET3.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/07MASET4.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/07MASET5.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/07MASET6.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/07MASET7.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/07M4ASET8.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/07M4SET9.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/08M4SETO0.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/08M4SET3.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/08M4SET4.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/08M4SET5.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/08M4SET6.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/08M4SET7.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/08M4SET8.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/08M4SET9.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/09M4SETO0.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/09M4SET1.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/09M4SET2.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/09M4SET3.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/09MA4SET4.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/09MA4SET5.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/09MA4SET6.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/09M4SET7.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/09M4SET8.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M4/09M4SET9.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/00M5SETO0.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/00M5SET1.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/00M5SET2.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/00M5SET3.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/00M5SET4.WAV.raw.32.synth zero
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/00M5SET5.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/00M5SET6.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/00M5SET7.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/00M5SET8.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/00M5SET9.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/01M5SETO.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/01M5SET1.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/01M5SET2.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/01M5SET3.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/01M5SET4.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/01M5SET5.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/01M5SET6.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/01M5SET7.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/01M5SET8.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/01M5SET9.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/02M5SETO0.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/02M5SET1.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/02M5SET2.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/02M5SET3.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/02M5SET4.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/02M5SET5.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/02M5SET6.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/02M5SET7.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/02M5SET8.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/02M5SET9.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/03M5SETO0.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/03M5SET1.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/03M5SET2. WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI146/TI20/TRAIN/M5/03M5SET3.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/03M5SET4. WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/03M5SET5.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/03M5SET6.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/03M5SET7. WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/03M5SET8. WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/03M5SET9.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/04M5SETO0.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/04M5SET1.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/04M5SET2.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/04M5SET3.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/04M5SET4.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/04M5SET5.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/04M5SET6.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/04M5SET7.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/04M5SET8.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/04M5SET9.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/05M5SETO0.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/05M5SET1.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/05M5SET2.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/05M5SET3.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/05M5SET4.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/05M5SET5.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/05M5SET6.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/05M5SET7.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/05M5SET8.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/05M5SET9.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/06M5SETO0.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/06M5SET1.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/06M5SET2. WAV .raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/06M5SET3.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/06 M5SET4. WAV .raw.32.synth six
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/06M5SET5.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/06M5SET6.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/06M5SET7.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/06 M5SET8.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/06M5SET9.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/07M5SETO.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/07M5SET1.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/07M5SET2.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/07M5SET3.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/07M5SET4.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/07M5SET5.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/07M5SET6.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/07M5SET7.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/07M5SET8.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/07M5SET9.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/08M5SETO0.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/08M5SET1.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/08M5SET5.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/08M5SET6.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/08M5SET7.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/08M5SET8.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/08M5SET9.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/09M5SETO0.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/09M5SET1.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/09M5SET2.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/09M5SET3.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/09M5SET4.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/09M5SET5.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/09M5SET6.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/09M5SET7.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/09M5SET8.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M5/09M5SET9.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/00M6SETO.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/00M6SET1.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/00M6SET2.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/00M6SET3.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/00M6SET4.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/00M6SET5.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/00M6SET6.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/00M6SET8.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/00M6SET9.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/01M6SETO.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/01IM6SET1.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/01IM6SET2.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/01M6SET3.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/01M6SET4.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/01M6SET5.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/01M6SET6.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/01IM6SET7.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/01M6SET8.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/01IM6SET9.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/02M6SETO0.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/02M6SET1.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/02M6SET2.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/02M6SET3.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/02M6SET4.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/02M6SET5.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/02M6SET6.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/02M6SET7.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/02M6SET8.WAV.raw.32.synth two

162



C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/02M6SET9.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/03M6SETO0.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/03M6SET1.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/03M6SET2.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/03M6SET3.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/03M6SET4.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/03M6SET5.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/03M6SET6.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/03M6SET7. WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/03M6SET8.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/03M6SET9.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/04AM6SETO0.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/04AM6SET1.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/04AM6SET2.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/04AM6SET3.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/04AM6SET4.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/04AM6SET5.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/04AM6SET6.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/04AM6SET7.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/04AM6SET8.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/04AM6SET9.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/05M6SETO0.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/05M6SET1.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/05M6SET2.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/05M6SET3.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/05M6SET4.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/05M6SET5.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/05M6SET6.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/05M6SET7.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/05M6SET8.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/05M6SET9.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/06M6SETO0.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/06M6SET1.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/06M6SET2.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/06M6SET3.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/06M6SET4.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/06M6SET5.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/06M6SET6.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/06M6SET7.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/06M6SET9.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/07M6SETO.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/07M6SET1.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/07M6SET2.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/07M6SET3.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/07M6SET4.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/07M6SET5.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/07M6SET6.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/07M6SET7.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/07M6SET8.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/07M6SET9.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/08M6SETO.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/08M6SET1.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/08M6SET2.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/08M6SET3.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/08M6SET4.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/08M6SET5.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/08M6SET6.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/08M6SET7.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/08M6SET8.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/08M6SET9.WAV.raw.32.synth eight
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/09M6SETO0.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/09M6SET1.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/09M6SET2.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/09M6SET3.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/09M6SET4.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/09M6SET6.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/09M6SET7.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/09M6SET8.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M6/09M6SET9.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/00M7SETO0.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/00M7SET1.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/00M7SET2.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/00M7SET3.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/00M7SET4.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/00M7SET5.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/00M7SET6.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/00M7SET7.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/00M7SET8.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/00M7SET9.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/01M7SETO0.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/01M7SET1.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/01M7SET2.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/01M7SET3.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/01M7SET4.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/01M7SET5.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/01M7SET6.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/01M7SET7.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/01M7SET8.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/01M7SET9.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/02M7SET0.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/02M7SET1.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/02M7SET2.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/02M7SET3.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/02M7SET4.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/02M7SET5.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/02M7SET6.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/02M7SET7.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/02M7SET8.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/02M7SET9.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/03M7SETO0.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/03M7SET1.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/03M7SET2.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/03M7SET3.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/03M7SET4.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/03M7SET5.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/03M7SET6.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/03M7SET7.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/03M7SET8.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/03M7SET9.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/04M7SETO0.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/04M7SET1.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/04M7SET2.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/04M7SET3.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/04M7SET4.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/04M7SET5.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/04M7SET6.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/04M7SET7.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/04M7SET8.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/04M7SET9.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/05M7SET0.WAV.raw.32.synth five
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/05M7SET1.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/05M7SET2.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/05M7SET3.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/05M7SET4.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/05M7SET5.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/05M7SET6.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/05M7SET7.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/05M7SET8.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/06M7SETO0.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/06M7SET1.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/06M7SET2.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/06 M7SET3.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/06M7SET4.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/06 M7SET5.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/06 M7SET6.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/06M7SET7.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/06M7SET8.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/06M7SET9.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/07M7SETO0.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/07M7SET1.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/07M7SET2.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/07M7SET3.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/07M7SET4.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/07M7SET5.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/07M7SET6.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/07M7SET7.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/07M7SET8.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/07M7SET9.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/08M7SET0.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/08M7SET1.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/08M7SET2.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/08M7SET3.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/08M7SET4.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/08M7SET5.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/08M7SET6.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/08M7SET7.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/08M7SET8.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/08M7SET9.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/09M7SETO0.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/09M7SET2.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/09M7SET3.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/09M7SET4.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/09M7SET5.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/09M7SET6.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/09M7SET7.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/09M7SET8.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M7/09M7SET9.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/00M8SETO0.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/00M8SET1.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/00M8SET2.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/00M8SET3.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/00M8SET4.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/00M8SET5.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/00M8SET6.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/00M8SET7.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/00M8SET8.WAV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/00M8SET9.WAYV.raw.32.synth zero
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/01M8SETO.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/01M8SET1.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/01M8SET2.WAV.raw.32.synth one
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/01M8SET3.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/01M8SET4.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/01M8SET5.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/01M8SET6.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/01M8SET7.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/01M8SET8.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/01M8SET9.WAV.raw.32.synth one
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/02M8SET0.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/02M8SET1.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/02M8SET2.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/02M8SET3.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/02MB8SET4.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/02M8SET5.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/02MB8SET6.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/02M8SET7.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/02M8SET8.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/02M8SET9.WAV.raw.32.synth two
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/03M8SETO0.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/03M8SET1.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI146/TI20/TRAIN/M8/03MB8SET2.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/03MB8SET3.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI146/TI20/TRAIN/M8/03MB8SET4.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/03MB8SET5.WAV.raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/03MB8SET6.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/03M8SET7. WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/03M8SET8.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/03M8SET9.WAV .raw.32.synth three
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/04MBSETO0.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/04MBSET1.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/04AMBSET2.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/04MBSET3.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/04AMB8SET4.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/04AMB8SET5.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/04MB8SET6.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/04AMBSET7.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/04MB8SET8.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/04AMBSET9.WAV.raw.32.synth four
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/05M8SET0.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/05MB8SET1.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/05MB8SET2.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/05M8SET3.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/05M8SET4.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/05M8SET5.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/05M8SET6.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/05MB8SET7.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/05MB8SET8.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/05MB8SET9.WAV.raw.32.synth five
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/06MBSETO0.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/06MB8SET1.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/06MB8SET2.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/06MB8SET3.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/06MB8SET4.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/06MBSET5.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/06MBSET6.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/06MBSET7.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/06MBSET8.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/06MB8SET9.WAV.raw.32.synth six
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/07M8SETO.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/07M8SET1.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/07M8SET2.WAV.raw.32.synth seven
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C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/07M8SET3.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/07M8SET4.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/07M8SET5.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/07M8SET6.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/07M8SET7.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/07M8SET8.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/07M8SET9.WAV.raw.32.synth seven
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/08MB8SET1.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/08M8SET5.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/08M8SET7.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/08M8SET8.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/08MBSET9.WAV.raw.32.synth eight
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/09MBSETO0.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/09MBSET1.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/09MBSET2.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/09M8SET3.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/09M8SET4.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/09M8SET5.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/09M8SET6.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/09MBSET7.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/09MBSET8.WAV.raw.32.synth nine
C:/cygwin/lab/speech/sphinx4/data/TI46/TI20/TRAIN/M8/09MBSET9.WAV.raw.32.synth nine
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Appendix C. Sample Abridged Output File for SPHINX4

Note: A single full output file is approximately 300 pages long for the given font size. This shows the
beginning page and end page (summary) coming out of SPHINX4.

Buildfile: C:\cygwin\home\Owner\RealSphinx4\sphinx4-1.0beta5\tests\performance\ti46\build.xml

ti46_flat_unigram_fst:
[java] # ----------- linguist stats ------------
[java] # Total states: 271
[java] # class edu.cmu.sphinx.linguist.flat. GrammarState: 1
[java] # class edu.cmu.sphinx.linguist.flat. HMMStateState: 135
[java] # class edu.cmu.sphinx.linguist.flat. ExtendedUnitState: 45
[java] # class edu.cmu.sphinx.linguist.flat. NonEmittingHMMState: 45
[java] # class edu.cmu.sphinx.linguist.flat.PronunciationState: 23
[java] # class edu.cmu.sphinx.linguist.flat.BranchState: 22
[java]
[java] REF: zero
[java] HYP:
[java]
[lava] Accuracy: 0.000% Errors: 1 (Sub: 0 Ins: 0 Del: 1)
[lava] Words: 1 Matches: 0 WER: 100.000%
[[ava] Sentences: 1 Matches: 0 SentenceAcc: 0.000%
[lava] This Time Audio: 1.19s Proc: 0.02s Speed: 0.01 X real time
[java] Total Time Audio: 1.19s Proc: 0.02s Speed: 0.01 X real time
[[ava] Mem Total: 15.38 Mb Free: 7.83 Mb
[java] Used: This: 7.55 Mb Avg: 7.55 Mb Max: 7.55 Mb
[java]
[java] REF: zero
[java] HYP:
[java]
[lava] Accuracy: 0.000% Errors: 2 (Sub: 0 Ins: 0 Del: 2)
[lava] Words: 2 Matches: 0 WER: 100.000%
[[ava] Sentences: 2 Matches: 0 SentenceAcc: 0.000%
[java] This Time Audio: 1.04s Proc: 0.03s Speed: 0.03 X real time
[java] Total Time Audio: 2.23s Proc: 0.04s Speed: 0.02 X real time
[lava] Mem Total: 15.38 Mb Free: 10.16 Mb
[lava] Used: This: 5.21 Mb Avg: 6.38 Mb Max: 7.55 Mb
[java]
[java] REF: zero
[java] HYP:
[java]
[java] Accuracy: 0.000% Errors: 3 (Sub: 0 Ins: 0 Del: 3)
[lava] Words: 3 Matches: 0 WER: 100.000%
[lava] Sentences: 3 Matches: 0 SentenceAcc: 0.000%
[lava] This Time Audio: 1.04s Proc: 0.01s Speed: 0.01 X real time
[java] Total Time Audio: 3.28s Proc: 0.05s Speed: 0.02 X real time
[lava] Mem Total: 15.38 Mb Free: 9.12 Mb
[lava] Used: This: 6.26 Mb Avg: 6.34 Mb Max: 7.55 Mb
[java]
[java] REF: zero
[java] HYP:
[java]
[java] Accuracy: 0.000% Errors: 4 (Sub: 0 Ins: 0 Del: 4)
[lava] Words: 4 Matches: 0 WER: 100.000%
[java] Sentences: 4 Matches: 0 SentenceAcc: 0.000%
[java] This Time Audio: 1.33s Proc: 0.06s Speed: 0.04 X real time
[java] Total Time Audio: 4.61s Proc: 0.11s Speed: 0.02 X real time
[[ava] Mem Total: 15.38 Mb Free: 7.80 Mb

168



[lava] Sentences: 1575 Matches: 0 SentenceAcc: 0.000%

[lava] This Time Audio: 1.02s Proc: 0.04s Speed: 0.04 X real time
[lava] Total Time Audio: 1708.80s Proc: 50.09s Speed: 0.03 X real time
[[ava] Mem Total: 15.81 Mb Free: 6.54 Mb

[java] Used: This: 9.28 Mb Avg: 8.32 Mb Max: 11.68 Mb

[java]

[java] REF: nine

[java] HYP:

[java]

[lava] Accuracy: 0.000% Errors: 1576 (Sub: 0 Ins: 0 Del: 1576)
[lava] Words: 1576 Matches: 0 WER: 100.000%

[[ava] Sentences: 1576 Matches: 0 SentenceAcc: 0.000%

[java] This Time Audio: 0.98s Proc: 0.00s Speed: 0.00 X real time
[java] Total Time Audio: 1709.78s Proc: 50.09s Speed: 0.03 X real time
[[ava] Mem Total: 15.81 Mb Free: 5.51 Mb

[[ava] Used: This: 10.30 Mb Avg: 8.32 Mb Max: 11.68 Mb

[java]

[java] REF: nine

[java] HYP:

[java]

[java] Accuracy: 0.000% Errors: 1577 (Sub: 0 Ins: 0 Del: 1577)

[lava] Words: 1577 Matches: 0 WER: 100.000%

[[ava] Sentences: 1577 Matches: 0 SentenceAcc: 0.000%

[java] This Time Audio: 0.96s Proc: 0.08s Speed: 0.08 X real time
[java] Total Time Audio: 1710.74s Proc: 50.17s Speed: 0.03 X real time
[lava] Mem Total: 15.81 Mb Free: 4.56 Mb

[lava] Used: This: 11.25 Mb Avg: 8.33 Mb Max: 11.68 Mb

[java]

[java] REF: nine

[java] HYP:

[java]

[java] Accuracy: 0.000% Errors: 1578 (Sub: 0 Ins: 0 Del: 1578)

[lava] Words: 1578 Matches: 0 WER: 100.000%

[lava] Sentences: 1578 Matches: 0 SentenceAcc: 0.000%

[lava] This Time Audio: 1.02s Proc: 0.00s Speed: 0.00 X real time
[lava] Total Time Audio: 1711.76s Proc: 50.17s Speed: 0.03 X real time
[[ava] Mem Total: 15.88 Mb Free: 8.65 Mb

[java] Used: This: 7.23 Mb Avg: 8.32 Mb Max: 11.68 Mb

[java]

[java] REF: nine

[java] HYP:

[java]

[lava] Accuracy: 0.000% Errors: 1579 (Sub: 0 Ins: 0 Del: 1579)
[lava] Words: 1579 Matches: 0 WER: 100.000%

[[ava] Sentences: 1579 Matches: 0 SentenceAcc: 0.000%

[java] This Time Audio: 0.96s Proc: 0.07s Speed: 0.07 X real time
[[ava] Total Time Audio: 1712.73s Proc: 50.24s Speed: 0.03 X real time
[[ava] Mem Total: 15.88 Mb Free: 7.71 Mb

[lava] Used: This: 8.17 Mb Avg: 8.32 Mb Max: 11.68 Mb

[java]

[java] # --------------- Summary statistics ---------

[lava] Accuracy: 0.000% Errors: 1579 (Sub: 0 Ins: 0 Del: 1579)
[lava] Words: 1579 Matches: 0 WER: 100.000%

[[ava] Sentences: 1579 Matches: 0 SentenceAcc: 0.000%

[java] Total Time Audio: 1712.73s Proc: 50.24s Speed: 0.03 X real time
[[ava] Mem Total: 15.88 Mb Free: 7.61 Mb
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[java] Used: This: 8.26 Mb Avg: 8.32 Mb Max: 11.68 Mb

BUILD SUCCESSFUL
Total time: 1 minute 24 seconds

170



