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(571 ABSTRACT

A system and method for identifying the phoneme sound
types that are contained within an audio speech signal is
disclosed. The system includes a microphone and associated
conditioning circuitry, for receiving an audio speech signal
and converting it to a representative electrical signal. The
electrical signal is then sampled and converted to a digital
audio signal with a digital-to-analog converter. The digital
audio signal is imput to a programmable digital sound
processor, which digitally processes the sound so as to
extract various time domain and frequency domain sound
characteristics. These characteristics are input to a program-
mable host sound processor which compares the sound
characteristics to standard sound data. Based on this
comparison, the host sound processor identifies the specific
phoneme sounds that are contained within the audio speech
signal. The programmable host sound processor further
includes linguistic processing program methods to convert
the phoneme sounds into English words or other natural
language words. These words are input to a host processor,
which then utilizes the words as either data or commands.
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USER INDEPENDENT, REAL-TIME SPEECH
RECOGNITION SYSTEM AND METHOD

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates generally to speech recog-
nition. More particularly, the present invention is directed to
a system and method for accurately recognizing continuous
human speech from any speaker.

2. Background Information

Linguists, scientists and engineers have endeavored for
many years to construct machines that can recognize human
speech. Although in recent years this goal has begun to be
realized in certain respects, currently available systems have
not been able to produce results that even closely emulate
human performance. This inability to provide satisfactory
speech recognition is due primarily to the difficulties that are
involved in extracting and identifying the individual sounds
that make up human speech. These difficulties are exacer-
bated by the fact there are such wide acoustic variations that
occur between different speakers.

Simplistically, speech may be considered as a sequence of
sounds taken from a set of forty or so basic sounds called
“phonemes.” Different sounds, or phonemes, are produced
by varying the shape of the vocal tract through muscular
control of the speech articulators (lips, tongue, jaw, etc.). A
stream of a particular set of phonemes will collectively
represent a word or a phrase. Thus, extraction of the par-
ticular phonemes contained within a speech signal is nec-
essary to achieve voice recognition.

However, a number of factors are present that make
phoneme extraction extremely difficult. For instance, wide
acoustic variations occur when the same phoneme is spoken
by different speakers. This is due to the differences in the
vocal apparatus, such as the vocal-tract length. Moreover,
the same speaker may produce acoustically different ver-
sions of the same phoneme from one rendition to the next.
Also, there are often no identifiable boundaries between
sounds or even words. Other difficulties result from the fact
that phonemes are spoken with wide variations in dialect,
intonation, rhythm, stress, volume, and pitch. Finally, the
speech signal may contain wide variations in speech-related
noises that make it difficult to accurately identify and extract
the phonemes.

The speech recognition devices that are currently avail-
able attempt to minimize the above problems and variations
by providing only a limited number of functions and capa-
bilities. For instance, many existing systems are classified as
“speaker-dependent” systems. A speaker-dependent system
must be “trained” to a single speaker’s voice by obtaining
and storing a database of patterns for each vocabulary word
uttered by that particular speaker. The primary disadvantage
of these types of systems is that they are “single speaker”
systems, and can only be utilized by the speaker who has
completed the time consuming training process. Further, the
vocabulary size of such systems is limited to the specific
vocabulary contained in the database. Finally, these systems
typically cannot recognize naturally spoken continuous
speech, and require the user to pronounce words separated
by distinct periods of silence.

Currently available “speaker-independent” systems are
also severely limited in function. Although any speaker can
use the system without the need for training, these systems
can only recognize words from an extremely small vocabu-
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lary. Further, they too require that the words be spoken in
isolation with distinct pauses between words, and thus
cannot recognize naturally spoken continuous speech.

OBJECTS AND BRIEF SUMMARY OF THE
INVENTION

The present invention has been developed in response to
the present state of the art, and in particular, in response to
these and other problems and needs that have not been fully
or completely solved by currently available solutions for
speech recognition. It is therefore a primary object of the
present invention to provide a novel system and method for
achieving speech recognition.

Another object of the present invention is to provide a
speech recognition system and method that is user
independent, and that can thus be used to recognize speech
utterances from any speaker of a given language.

A related object of the present invention is to provide a
speech recognition system and method that does not require
a user to first “train” the system with the user’s individual
speech patterns.

Yet another object of the present invention is to provide a
speech recognition system and method that is capable of
receiving and processing an incoming speech signal in
substantially real time, thereby allowing the user to speak at
normal conversational speeds.

A related object of the present invention is to provide a
speech recognition system and method that is capable of
accurately extracting various sound characteristics from a
speech signal, and then converting those sound characteris-
tics into representative phonemes.

Still another object of the present invention is to provide
a speech recognition system and method that is capable of
converting a stream of phonemes into an intelligible format.

Another object of the present invention is to provide a
speech recognition system and method that is capable of
performing speech recognition on a substantially unlimited
vocabulary.

These and other objects and features of the present
invention will become more fully apparent from the follow-
ing description and appended claims, or may be learned by
the practice of the invention as set forth hereinafter.

Briefly summarized, the foregoing and other objects are
achieved with a novel speech recognition system and
method, which can accurately recognize, continuous speech
utterances from any speaker of a given language. In the
preferred embodiment, an audio speech signal is received
from a speaker and input to an audio processor means. The
audio processor means receives the speech signal, converts
it into a corresponding electrical format, and then electri-
cally conditions the signal so that it is in a form that is
suitable for subsequent digital sampling.

Once the audio speech signal has been converted to a
representative audio electrical signal, it is sent to an analog-
to-digital converter means. The A/D converter means
samples the audio electrical signal at a suitable sampling
rate, and outputs a digitized audio signal.

The digitized audio signal is then programmably pro-
cessed by a sound recognition means, which processes the
digitized audio signal in a manner so as to extract various
time domain and frequency domain sound characteristics,
and then identify the particular phoneme sound type that is
contained within the audio speech signal. This characteristic
extraction and phoneme identification is done in a manner
such that the speech recognition occurs regardless of the
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source of the audio speech signal. Importantly, there is no
need for a user to first “train” the system with his or her
individual voice characteristics. Further, the process occurs
in substantially real titne so that the speaker is not required
to pause between each word, and can thus speak at normal
conversational speeds.

In addition to extracting phoneme sound types from the
incoming audio speech signal, the sound recognition means
implements various linguistic processing techniques to
translate the phoneme string into a corresponding word or
phrase. This can be done for essentially any language that is
made up of phoneme sound types.

In the preferred embodiment, the sound recognition
means is comprised of a digital sound processor means and
a host sound processor means. The digital sound processor
includes a programmable device and associated logic to
programmably carry out the program steps used to digitally
process the audio speech signal, and thereby extract the
various time domain and frequency domain sound charac-
teristics of that signal. This sound characteristic data is then
stored in a data structure, which corresponds to the specific
portion of the audio signal.

The host sound processor means aiso includes a program-
mable device and its associated logic. It is programmed to
carry out the steps necessary to evaluate the various sound
characteristics contained within the data structure, and then
generate the phoneme sound type that corresponds to those
particular characteristics. In addition to identifying
phonemes, in the preferred embodiment the host sound
processor also performs the program steps needed to imple-
ment the linguistic processing portion of the overall method.
In this way, the incoming stream of phonemes are translated
to the representative word or phrase.

The preferred embodiment further includes an electronic
means, connected to the sound recognition means, for
receiving the word or phrase translated from the incoming
stream of identified phonemes. The electronic means, as for
instance a personal computer, then programmably processes
the word as either data input, as for instance text to a
wordprocessing application, or as a command input, as for
instance an operating system command.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the manner in which the above-recited and
other advantages and objects of the invention are obtained,
a more particular description of the invention briefly
described above will be rendered by reference to a specific
embodiment thereof which is illustrated in the appended
drawings. Understanding that these drawings depict only a
typical embodiment of the invention and are not to be
considered to be limiting of its scope, the invention in its
presently understood best mode will be described and
explained with additional specificity and detail through the
use of the accompanying drawings in which:

FIG. 1 is functional block diagram of the overall speech
recognition system;

FIG. 2 is a more detailed functional block dlagram
illustrating the speech recognition system;

FIGS. 3A-H, J-N, P-Y are a schematic illustrating in
detail the circuitry that makes up the functional blocks in
FIG. 2;

FIG. 4 is a functional flow-chart illustrating the overall
program method of the present invention;

FIGS. 5A-5B is a flow-chart illustrating the program
method used to implement one of the functional blocks of
FIG. 4;
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FIGS. 6-6D is a flow-chart illustrating the program
method used to implement one of the functional blocks of
FIG. 4;

FIG. 7 is a flow-chart illustrating the program method
used to implement one of the functional blocks of FIG. 4;

FIGS. 8-8C is a flow-chart illustrating the program
method used to implement one of the functional blocks of
FIG. 4;

FIG. 9 is a flow-chart illustrating the program method
used to implement one of the functional blocks of FIG. 4;

FIGS. 10-10C is a flow chart illustrating the program
method used to implement one of the functional blocks of
FIG. 4;

FIGS. 11, 12 are flow-charts illustrating the program
method used to implement one of the functional blocks of
FIG. 4;

FIGS. 12A-12C are x-y plots of example standard sound
data.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The following detailed description is divided into two
parts. In the first part the overall system is described,
including a detailed description of the functional blocks
which make up the system, and the manner in which the
various functional blocks are interconnected. In part two, the
method by which the overall system is programmably con-
trolled to achieve real-time, user-independent speech recog-
nition is described.

I. THE SYSTEM

Reference is first made to FIG. 1, where one presently
preferred embodiment of the overall speech recognition
system is designated generally at 10. The system 10 includes
an audio processor means for receiving an audio speech
signal and for converting that signal into a representative
audio electrical signal. In the preferred embodiment, the
audio processor means is comprised of a means for inputting
an audio signal and converting it to an electrical signal, such
as a standard condenser microphone shown generally at 12.
Various other input devices could also be utilized to input an
audio signal, including, but not limited to such devices as a
dictaphone, telephone or a wireless microphone.

In addition to microphone 12, the audio processor means
also preferably comprises additional appropriate audio pro-
cessor circuitry 14. This circuitry 14 receives the audio
electrical signal generated by the microphone 12, and then
functions so as to condition the signal so that it is in a
suitable electrical condition for digital sampling.

The audio processor circuitry 14 is then electrically
connected to analog-to-digital converter means, illustrated
in the preferred embodiment as A/D conversion circuitry 34.
This circuitry 34 receives the audio electrical signal, which
is in an analog format, and converts it to a digital format,
outputting a digitized audio signal.

This digitized audio signal is then passed to a sound
recognition means, which in the preferred embodiment
corresponds to the block designated at 16 and referred to as
the sound recognition processor circuitry. Generally, the
sound recognition processor circuitry 16 programmably
analyzes the digitized version of the audio signal in a manner
so that it can extract various acoustical characteristics from
the signal. Once the necessary characteristics are obtained,
the circuitry 16 can identify the specific phoneme sound
types contained within the audio speech signal. Importantly,
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this phoneme identification is done without reference to the
speech characteristics of the individual speaker, and is done
in a manner such that the phoneme identification occurs in
real time, thereby allowing the speaker to speak at a normal
rate of conversation.

The sound recognition processor circuitry 16 obtains the
necessary acoustical characteristics in two ways. First, it
evaluates the time domain representation of the audio signal,
and from that representation extracts various parameters
representative of the type of phoneme sound contained
within the signal. The sound type would include, for
example, whether the sound is “voiced,” “unvoiced,” or
“quiet.”

Secondly, the sound recognition processor circuitry 16
evaluates the frequency domain representation of the audio
signal. Importantly, this is done by successively filtering the
time domain representation of the audio signal using a
predetermined number of filters having a various cutoff
frequencies. This produces a number of separate filtered
signals, each of which are representative of an individual
signal waveform which is a component of the complex audio
signal waveform. The sound recognition processor circuitry
16 then “measures” each of the filtered signals, and thereby
extracts various frequency domain data, including the fre-
quency and amplitude of the of the signals. These frequency
domain characteristics, together with the time domain
characteristics, provide sufficient “information” about the
audio signal such that the processor circuitry 16 can identify
the phoneme sounds that are contained therein.

Once the sound recognition processor circuitry 16 has
extracted the corresponding phoneme sounds, it program-
mably invokes a series of linguistic program tools. In this
way, the processor circuitry 16 translates the series of
identified phonemes into the corresponding syllable, word or
phrase.

'With continued reference to FIG. 1, electrically connected
to the sound recognition processor circuitry 16 is a host
computer 22. In one preferred embodiment, the host com-
puter 22 is a standard desktop personal computer, however
it could be comprised of virtually any device utilizing a
programmable computer that requires data input and/or
control. For instance, the host computer 22 could be a data
entry system for automated baggage handling, parcel
sorting, quality control, computer aided design and
manufacture, and various command and control systems.

As the processor circuitry 16 translates the phoneme
string, the corresponding word or phrase is passed to the host
computer 22. The host computer 22, under appropriate
program control, then utilizes the word or phrase as an
operating system or application command or, alternatively,
as data that is input directly into an application, such as a
wordprocessor or database.

Reference is next made to FIG. 2 where one presently
preferred embodiment of the voice recognition system 10 is
shown in further detail. As is shown, an audio speech signal
is received at microphone 12, or similar device. The repre-
sentative audio electrical signal is then passed to the audio
processor circuitry 16 portion of the system. In the preferred
embodiment of this circuit, the audio electrical signal is
input to a signal amplification means for amplifying the
signal to a suitable level, such as amplifier circuit 26.
Although a number of different circuits could be used to
implement this function, in the preferred embodiment,
amplifier circuit 26 consists of a two stage operational
amplifier configuration, arranged so as to provide an overall
gain of approximately 300. With such a configuration, with
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a microphone 12 input of approximately 60 dbm, the ampli-
fier circuit 26 will produce an output signal at approximately
line level.

In the preferred embodiment, the amplified audio electri-
cal signal is then passed to a means for limiting the output
level of the audio signal so as to prevent an overload
condition to other components contained within the system
10. The limiting means is comprised of a limiting amplifier
circuit 28, which can be designed using a variety of
techniques, one example of which is shown in the detailed
schematic of FIG. 3.

Next, the amplified audio electrical signal is passed to a
filter means for filtering high frequencies from the electrical
audio signal, as for example anti-aliasing filter circuit 30.
This circuit, which again can be designed using any one of
a number of circuit designs, merely limits the highest
frequency that can be passed on to other circuitry within the
system 10. In the preferred embodiment, the filter circuit 30
limits the signal’s frequency to less than about 12 kHz.

The audio electrical signal, which is in an analog format,
is then passed to a analog-to-digital converter means for
digitizing the signal, which is shown as A/D conversion
circuit 34. In the preferred embodiment, A/D conversion
circuit 34 utilizes a 16-bit analog to digital converter device,
which is based on Sigma-Delta sampling technology.
Further, the device must be capable of sampling the incom-
ing analog signal at a rate sufficient to avoid aliasing errors.
At a minimum, the sampling rate should be at least twice the
incoming sound wave’s highest frequency (the Nyquest
rate), and in the preferred embodiment the sampling rate is
44.1 kHz. Tt will be appreciated that any one of a number of
A/D conversion devices that are commercially available
could be used. A presently preferred component, along with
the various support circuitry, is shown in the detailed sche-
matic of FIG. 3.

With continued reference to FIG. 2, having converted the
audio electrical signal to a digital form, the digitized signal
is next supplied to the sound recognition processor circuitry
16. In the presently preferred embodiment, the sound rec-
ognition processor circuitry 16 is comprised of a digital
sound processor means and a host sound processor means,
both of which are preferably comprised of programmable
devices. It will be appreciated however that under certain
conditions, the sound recognition processor circuitry 16
could be comprised of suitable equivalent circuitry which
utilizes a single programmable device.

In the presently preferred embodiment, the digital sound
processor means is comprised of the various circuit compo-
nents within the dotted box 18 and referred to as the digital
sound processor circuitry. This circuitry receives the digi-
tized audio signal, and then programmably manipulates that
data in a manner so as to extract various sound character-
istics. Specifically, the circuitry 18 first analyzes the digi-
tized audio signal in the time domain and, based on that
analysis, extracts at least one time domain sound character-
istic of the audio signal. The time domain characteristics of
interest help determine whether the audio signal contains a
phoneme sound that is “voiced,” “unvoiced,” or “quiet.”

The digital sound processor circuitry 18 also manipulates
the digitized audio signal so as to obtain various frequency
domain information about the audio signal. This is done by
filtering the audio signal through a number of filter bands
and generating a corresponding number of filtered signals,
each of which are still in time domain. The circuitry 18
measures various properties exhibited by these individual
waveforms, and from those measurements, extracts at least
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one frequency domain sound characteristic of the audio
signal. The frequency domain characteristics of interest
include the frequency, amplitude and slope of each of the
component signals obtained as a result of the filtering
process. These characteristics are then stored and used to
determine the phoneme sound type that is contained in the
audio signal.

With continued reference to FIG. 2, the digital sound
processor circuitry 18 is shown as preferably comprising a
first programmable means for analyzing the digitized audio
signal under program control, such as digital sound proces-
sor 36. Digital sound processor 36 is preferably a
programmable, 24-bit general purpose digital signal proces-
sor device, such as the Motorola DSP56001. However, any
one of a number of commercially available digital signal
processors could also be used.

As is shown, digital sound processor 36 is preferably
interfaced——via a standard address, data and control bus-
type arrangement 38—to various other components. They
include: a program memory means for storing the set of
program steps executed by the DSP 36, such as DSP
program memory 40; data memory means for storing data
utilized by the DSP 36, such as DSP data memory 42; and
suitable control logic 44 for implementing the various
standard timing and control functions such as address and
data gating and mapping. It will be appreciated by one of
skill in the art that various other components and functions
could be used in conjunction with the digital sound proces-
sor 36.

With continued reference to FIG. 2, in the presently
preferred embodiment, the host sound processor means is
comprised of the various circuit components within the
dotted box 20 and referred to as the host sound processor
circuitry. This host sound processor circuitry 20 is electri-
cally connected and interfaced, via an appropriate host
interface 52, to the digital sound processor circuitry 18.
Generally, this circuitry 20 receives the various audio signal
characteristic information generated by the digital sound
processor circuitrty 18 via the host interface 52. The host
sound processor circuitry 20 analyzes this information and
then identifies the phoneme sound type(s) that are contained
within the audio signal by comparing the signal character-
istics to standard sound data that has been compiled by
testing a representative cross-section of speakers. Having
identified the phoneme sounds, the host sound processor
circuitry 20 utilizes various linguistic processing techniques
to translate the phonemes into a representative syllable,
word or phrase.

The host sound processor circuitry 20 is shown as pref-
erably comprising a second programmable means for ana-
lyzing the digitized audio signal characteristics under pro-
gram control, such as host sound processor 54. Host sound
processor 36 is preferably a programmable, 32-bit general
purpose CPU device, such as the Motorola 68EC030.
However, any one of a number of commercially available
programmable processors could also be used.

As is shown, host sound processor 54 is preferably
interfaced—via a standard address, data and control bus-
type arrangement 56—to various other components. They
include: a program memory means for storing the set of
program steps executed by the host sound processor 54, such
as host program memory 58; data memory means for storing
data utilized by the host sound processor 54, such as host
data memory 60; and suitable control logic 64 for imple-
menting the various standard timing and control functions
such as address and data gating and mapping. Again, it will
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be appreciated by one of skill in the art that various other
components and functions could be used in conjunction with
the host sound processor 54.

Also included in the preferred embodiment is a means for
interfacing the host sound processor circuitry 20 to an
external electronic device. In the preferred embodiment, the
interface means is comprised of standard RS-232 interface
circuitry 66 and associated RS-232 cable 24. However, other
electronic interface arrangements could also be used, such as
a standard parallel port interface, a musical instroment
digital interface (MIDI), or a non-standard electrical inter-
face arrangement.

In the preferred embodiment, the host sound processor
circuitry 20 is interfaced to a electronic means for receiving
the word generated by the host sound processor circuitry 20
and for processing that word as either a data input or as a
command input. By way of example and not limitation, the
electronic receiving means is comprised of a host computer
22, such as a standard desktop personal computer. The host
computer 22 is connected to the host sound processor
circuitry 20 via the RS-232 interface 66 and cable 24 and,
via an appropriate program method, utilizes incoming words
as either data, such as text to a wordprocessor application, or
as a command, such as to an operating system or application
program. It will be appreciated that the host computer 22 can
be virtually any electronic device requiring data on com-
mand input.

One example of an electronic circuit which has been
constructed and used to implement the above described
block diagram is illustrated in FIGS. 3A-3Y. These figures
are a detailed electrical schematic diagram showing the
interconnections, part number and/or value of each circuit
element used. It should be noted that FIGS. 3A-3Y are
included merely to show an example of one such circuit
which has been used to implement the functional blocks
described in FIG. 2. Other implementations could be
designed that would also work satisfactorily.

1I. The Method

Referring now to FIG. 4, illustrated is a functional flow
chart showing one presently preferred embodiment of the
overall program method used by the present system. As is
shown, the method allows the voice recognition system 10
to continuously receive an incoming speech signal, elec-
tronically process and manipulate that signal so as to gen-
erate the phonetic content of the signal, and then produce a
word or stream of words that correspond to that phonetic
content. Importantly, the method is not restricted to any one
speaker, or group of speakers. Rather, it allows for the
unrestricted recognition of continuous speech utterances
from any speaker of a given language.

Following is a general description of the overall functions
carried out by the present method. A more detailed descrip-
tion of the preferred program steps used to carry out these
functions will follow. Referring first to the functional block
indicated at 100, the audio processor 16 portion of the
system receives the audio speech signal at microphone 12,
and the A/D conversion circuit 34 digitizes the analog signal
at a suitable sampling rate. The preferred sampling rate is
44.1 kHz, although other sampling rates could be used, as
long as it complies with the Nyquist sampling rate so as to
avoid aliasing problems. This digitized speech signal is then
broken-up into successive “time segments.” In the preferred
embodiment, each of these time segments contains 10,240
data points, or 232 milliseconds of time domain data.

Each time segment of 10,240 data points is then passed to
the portion of the algorithm labeled “Evaluate Time
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Domain,” shown at numeral 102. This portion of the method
further breaks the time segments up into successive “time
slices.” Each time slice contains 256 data points, or 5.8
milliseconds of time domain data. Various sound character-
istics contained within each time slice are then extracted.
Specifically, in the preferred embodiment the absolute aver-
age envelope amplitude, the absolute difference average, and
the zero crossing rate for the portion of the speech signal
contained within each time slice is calculated and stored in
a corresponding data structure. From these various
characteristics, it is then determined whether the particular
sound contained within the time slice is quiet, voiced or
unvoiced. This information is also stored in the time slice’s
corresponding data structure.

The next step in the overall algorithm is shown at 104 and
is labeled “Decompose.” In this portion of the program
method, each time slice is broken down into individual
component waveforms by successively filtering the time
slice using a plurality of filter bands. From each of these
filtered signals, the Decompose function directly extracts
additional sound identifying characteristics by “measuring”
each signal. Identifying characteristics include, for exampie,
the fundamental frequency of the time slice if voiced; and
the frequency and amplitude of each of the filtered signals.
This information is also stored in each time slice’s corre-
sponding data structure. The next step in the overall algo-
rithm is at 106 and is labeled “Point of Maximum Intelli-
gence.” In this portion of the program, those time slices that
Contain sound data which is most pertinent to the identifi-
cation of the sound(s) are identified as points of “maximum
intelligence;” the other time slices are ignored. In addition to
increasing the accuracy of subsequent phomeme
identification, this function also reduces the amount of
processing overhead required to identify the sound(s) con-
tained within the time segment.

Having identified those time slices that are needed to
identify the particular sound(s) contained within the time
segment, the system then executes the program steps cor-
responding to the functional block 110 labeled “Evaluate.”
In this portion of the algorithm, all of the information
contained within each time slice’s corresponding data struc-
ture is analyzed, and up to five of the most probable phonetic
sounds (i.e., phonemes) contained within the time slice are
identified. Each possible sound is also assigned a probability
level, and are ranked in that order. The identified sounds and
their probabilities are then stored within the particular time
slice’s data structure. Each individual phoneme sound type
is identified by way of a unique identifying number referred
to as a “PASCII” value.

The next functional step in the overall program method is
performed by the system at the functional block 110 labeled
“Compress Phones.” In this function, the time slices that do
not correspond to “points of maximum intelligence” are
discarded. Only those time slices which contain the data
necessary to identify the particular sound are retained. Also,
time slices which contain contiguous “quiet” sections are
combined, thereby further reducing the overall number of
time slices. Again, this step reduces the amount of process-
ing that must occur and further facilitates real time sound
recognition. i

At this point in the algorithm, there remains a sequence of
time slices, each of which has a corresponding data structure
containing various sound characteristics culled from both
the time domain and the frequency domain. Each structure
also identifies the most probable phoneme sound type cor-
responding to those particular sound characteristics. This
data is passed to the next step of the overall program method,

10

20

25

30

35

40

45

50

55

65

10

shown at functional block 112 and labeled “Linguistic
Processor.” The Linguistic processor receives the data
structures, and translates the sound stream (i.e., stream of
phonemes) into the corresponding English letter, syllable,
word or phrase. This translation is generally accomplished
by performing a variety of linguistic processing functions
that match the phonemic sequences against entries in the
system lexicon. The presently preferred linguistic functions
include a phonetic dictionary look-up, a context checking
function and database, and a basic grammar checking func-
tion.

Once the particular word or phrase is identified, it is
passed to the “Command Processor” portion of the
algorithm, as shown at functional block 114. The Command
processor determines whether the word or phrase constitutes
text that should be passed as data to a higher level
application, such as a wordprocessor, or whether it consti-
tutes a command that is to be passed directly to the operating
system or application command interface.

As has been noted in the above general description, a data
structure is preferably maintained for each time slice of data
(i.e., 256 samples of digitized sound data; 5.8 milliseconds
of sound) within system memory. This data structure is
referred to herein as the “Higgins” structure, and its purpose
is to dynamically store the various sound characteristics and
data that can be used to identify the particular phoneme type
contained within the corresponding time slice. Although
other information could also be stored in the Higgins
structure, TABLE I illustrates one preferred embodiment of
the its contents. The data structure and its contents will be

discussed in further detail below.
TABLE 1

VARIABLE NAME CONTENTS

TYPE Whether sound is voiced, unvoiced,
quiet or Not processed.

LOCATION Array location of where Time Slice starts.

SIZE Number of sample data points in Time
Slice.

L, Average amplitude of signal in time
domain.

fo Fundamental Frequency of signal.

FFREQ Array containing the frequency of each
filtered signal contained in time slice.

AMPL Array containing the amplitude of each
filtered signal.

Zer Zero Crossing Rate of signal
in time domain.

PMIL Variable indicating maximum formant
stability; value indicates duration.

sumSlope Sum of absolute values of filtered
signal slopes.

POSSIBLE Array containing up to five most

PHONEMES probable phonemes

contained in time slice, including

for each phoneme: confidence level,
standard for relative amplitude, standard
for Z g, Standard for duration

for phoneme.

The various steps used to accomplish the method illus-
trated in FIG. 4 will now be discussed in more detail by
making specific reference to one presently preferred
embodiment of the invention. It should be appreciated that
the particular program steps which are illustrated in the
detailed flow charts contained in FIGS. 5 through 11 are
intended merely as an example of the presently preferred
embodiment and the presently understood best mode of
implementing the overall functions which are represented by
the flow chart of FIG. 4.
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Referring first to FIG. 5A, the particular program steps
corresponding to the “Evaluate Time Domain” function
illustrated in functional block 102 of FIG. 4 are shown. As
already noted, the Audio Processor 16 receives an audio
speech signal from the microphone 12. The A/D conversion
circuitry 34 then digitally samples that signal at a predeter-
mined sampling rate, such as the 44.1 kHz rate used in the
preferred embodiment. This time domain data is divided into
separate, consecutive time segments of predetermined
lengths. In the preferred embodiment, each time segment is
232 milliseconds in duration, and consists of 10,240 digi-
tized data points. Each time segment is then passed, one at
a time, to the Evaluate Time Domain function, as is shown
at step 116 in FIG. 5A. Once received, the time segment is
further segmented into a predetermined number of equal
“slices” of time. In the preferred embodiment, there are forty
of these “time slices” for each time segment, each of which
are comprised of 256 data points, or 5.8 milliseconds of
speech.

The digital sound processor 36 then enters a program
loop, beginning with step 118. As is indicated at that step, for
each time slice the processor 36 extracts various time-
varying acoustic characteristics. For example, in the pre-
ferred embodiment the DSP 36 calculates the absolute
average of the amplitude of the time slice signal (Ly), the
absolute difference average (Lp) of the time slice signal and
the zero crossing rate (Z.g) Of the time slice signal. The
absolute average of the amplitude Lg corresponds to the
absolute value of the average of the amplitudes (represented
as a line level signal voltage) of the data points contained
within the time slice. The absolute difference average L, is
the average amplitude difference between the data points in
the time slice (i.e., calculated by taking the average of the
differences between the absolute value of one data point’s
amplitude to the next data point’s). The zero crossing rate
Z g is calculated by dividing the number of zero crossings
that occur within the time slice by the number of data points
(256) and multiplying the result by 100. The number of zero
crossings is equal to the number of times the time domain
data crosses the X-axis, whether that crossing be positive-
to-negative or negative-to-positive.

The magnitudes of these various acoustical properties can
be used to identify the general type of sound contained
within each time slice. For instance, the energy of “voiced”
speech sounds is generally found at lower frequencies than
for “unvoiced” sounds, and the amplitude of unvoiced
sounds is generally much lower than the amplitude of voiced
sounds. These generalizations are true of all speakers, and
general ranges have been identified by analyzing speech data
taken from a wide variety of speakers (i.e., men, women, and
children). By comparing the various acoustical properties to
these predetermined ranges, the sound type can be
determined, independent of the particular speaker.

Thus, based on the acoustical properties identified in the
previous step, the DSP 36 next proceeds to that portion of
the program loop that identifies what type of sound is
contained within the particular time slice. In the preferred
embodiment, this portion of the code determines, based on
previously identified ranges obtained from test data, whether
the sound contained within the time slice is “quiet,”
“voiced” or “unvoiced.”

At step 120, the absolute average of the amplitude L is
first compared with a predetermined “quiet level” range, or
“QLEVEL” (i.e., an amplitude magnitude level that corre-
sponds to silence). In the preferred embodiment, QLEVEL
is equal to 250, but the value can generally be anywhere
between 200 and 500. It will be appreciated that the par-
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ticular “quiet level” may vary depending on the application
or environment (e.g., high level of background noise, high
d.c. offset present in the A/D conversion or where the
incoming signal is amplified to a different level), and thus
may be a different value. If Lg is less than QLEVEL, the
sound contained within the time slice is deemed to be
“quiet,” and the processor 36 proceeds to step 122. At step
122, the DSP 36 begins to build the Higgins data structure
for the current time slice within DSP data memory 42. Here,
the processor 36 places an identifier “Q” into a “type” flag
of the Higgins data structure for this time slice.

If however, L, is greater than QLEVEL, then the sound
contained within the time slice is not quiet, and the processor
36 proceeds to step 124 to determine whether the sound is
instead a “voiced” sound. To make this determination, the
zero crossing rate Z.p is first compared with a predeter-
mined crossing-rate value found to be indicative of a voiced
sound for most speakers. A low zero-crossing rate implies a
low frequency and, in the preferred embodiment, if it is less
than or equal to about 10, the speech sound is probably
voiced.

H the Z, does fall below 10, another acoustical property
of the sound is evaluated before the determination is made
that the sound is voiced. This property is checked by
calculating the ratio of L, to Lg, and then comparing that
ratio to another predetermined value that corresponds to a
cut-off point corresponding to voiced sounds in most speak-
ers. In the preferred embodiment, if L,/Lg is less than or
equal to about 15, then the signal is probably voiced. Thus,
if at step 124 it is determined that Z, is less than or equal
to 10 and that L,/L g is less than or equal to about 15, then
the sound is deemed to be a voiced type of sound (e.g., the
sounds /U/, /d/, Iwl, fil, /e/, etc.). X voiced, the processor 36
proceeds to step 126 and places an identifier “V” into the
“type” flag of the Higgins data structure corresponding to
that time slice.

H not voiced, then the processor 36 proceeds to program
step 120 to determine if the sound is instead “unvoiced,”
again by comparing the properties identified at step 118 to
ranges obtained from user-independent test data. To do so,
processor 36 determines whether Z ., is greater than or equal
to about 20 and whether L, /L is greater than or equal to
about 30. If both conditions exist, the sound is considered to
be an unvoiced type of sound (e.g., certain aspirated
sounds). If unvoiced, the processor 36 proceeds to step 130
and places an identifier “U” into the “type” flag of the
Higgins data structure for that particular time slice.

Some sounds will fall somewhere between the conditions
checked for in steps 124 and 128 (i.e., Z falls somewhere
between about 11 and 19, and L,/L; falls somewhere
between about 16 and 29) and other sound properties must
be evaluated to determine whether the sound is voiced or
unvoiced. This portion of the program method is performed,
as is indicated at step 132, by executing another set of
program steps referred to as “Is it Voiced.” The programs
steps corresponding to this function are illustrated in FIG.
5B, to which reference is now made.

After receiving the current time slice data at step 141, the
processor proceeds to step 142, where a digital low pass
filter is programmably implemented within the DSP 36. The
speech signal contained within the current time slice is then
passed through this filter. In the preferred embodiment, the
filter removes frequencies above 3000 Hz, and the zero
crossing rate, as discussed above, is recalculated. This is
because certain voiced fricatives have high frequency noise
components that tend to raise the zero crossing rate of the
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signal. For these types of sounds, elimination of the high
frequency components will drop the Z_ to a level which
corresponds to other voiced sounds. In contrast, if the sound
is an unvoiced fricative, then the Z., will remain largely
unchanged and stay at a relatively high level, because the
majority of the signal resides at higher frequencies.

Once the new Z, has been calculated, program step 144
is performed to further evaluate whether the sound is a
voiced or an unvoiced fricative. Here, the time slice’s
absolute minimum amplitude point is located. Once located,
the processor 36 computes the slope (i.e., the first derivative)
of the line defined between that point and another data point
on the waveform that is located a predetermined distance
from the minimum point. In the preferred embodiment, that
predetermined distance is 50 data points, but other distance
values could also be used. For a voiced fricative sound, the
slope will be relatively high since the signal is periodic, and
thus exhibits a fairly significant change in amplitude. In
contrast, for an unvoiced fricative sound the slope will be
relatively low because the signal is not periodic and, having
been filtered, will be comprised primarily of random noise
having a fairly constant amplitude.

Having calculated the Z -, and the slope, the processor 36
proceeds to step 146 and compares the magnitudes to
predetermined values corresponding to the threshold of a
voiced fricative for most speakers. In the preferred
embodiment, if Z is less than about 8, and if the slope is
greater than about 35, then the sound contained within the
time slice is deemed to be voiced, and the corresponding
“true” flag is set at step 150. Otherwise, the sound is
considered unvoiced, and the “false” flag is set at step 148.
Once the appropriate flag is set, the “Is it Voiced” program
sequence returns to its calling routine at step 132, shown in
FIG. 5A.

Referring again to FIG. 5A at step 134, based on the
results of the previous step 132, the appropriate identifier
“U” or “V” is placed into the “type” flag of the data structure
for that particular time slice. Once it has been determined
whether the speech sound contained within the particular
time slice is voiced, unvoiced or quiet, and the Higgins data
structure has been updated accordingly at steps 122, 126,
130 or 134, the DSP 36 proceeds to step 136 and determines
whether the last of the 256 time slices for this particular time
segment has been processed. If so, the DSP 36 returns to the
main calling routine (illustrated in FIG. 4) as is indicated at
step 140. Alternatively, the DSP 36 obtains the next time
slice at step 138, and proceeds as described above.

Referring again to FIG. 4, once the “Evaluate Time
Domain Parameters” function shown at functional block 102
has been completed, the “Decompose a Speech Signal”
portion of the algorithm shown at functional block 104 is
performed.

As will be appreciated from the following description, to
accurately identify the sound(s) contained within the time
segment, additional identifying characteristics must be
culled from the signal. Such characteristics relate to the
amplitude and frequency each of the various component
signals that make up the complex waveform contained
within the time slice. This information is obtained by
successively filtering the time slice into its various compo-
nent signals. Previously, this type of “decomposition” was
usually accomplished by performing a Fast Fourier Trans-
form on the sound signal. However, this standard approach
is not adequate for evaluating user-independent speech in
real time. For many sounds, accurate identification of the
individual component frequencies is very difficult, if not
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impossible, due to the spectral leakage that is inherently
present in the FFT’s output. Also, because the formant
signals contained in speech signals are amplitude modulated
due to the glottal spectrum dampening and because most
speech signals are non-periodic then, by definition, the FFT
is an inadequate tool. However, such information is critical
to accomplish user-independent speech recognition with the
required level in confidence.

To avoid this problem, in the preferred embodiment of the
Decompose a Speech Signal algorithm, a FFT is not per-
formed. Instead, the DSP 36 filters the time slice signal into
various component filtered signals. As will be described in
further detail, frequency domain data can be extracted
directly from each of these filtered signals. This data can
then be used to determine the characteristics of the specific
phoneme contained within the time slice.

By way of example and not limitation, the detailed
program steps used to perform this particular function are
shown in the flow chart illustrated in FIG. 6. Referring first
to program step 152, the current time segment (10,240 data
samples; 232 milliseconds in duration) is received. The
program then enters a loop, beginning with step 154,
wherein the speech signal contained within the current time
segment is successively filtered into its individual compo-
nent waveforms by using a set of digital bandpass filters
having specific frequency bands. In the preferred
embodiment, these frequency bands are precalculated, and
stored in DSP program memory 40. At step 154, the pro-
cessor 36 obtains the first filter band, designated as a low
frequency (f,) and a high frequency (fy,), from this table of
predetermined filter cutoff frequencies. In the preferred
embodiment, the filter cutoff frequencies are located at: 0
Hz, 250 Hz, 500 Hz, 1000 Hz, 1500 Hz, 2000 Hz, 2500 Hz,
3000 Hz, 3500 Hz, 4000 Hz, 4500 Hz, 5000 Hz, 6000 Hz,
7000 Hz, 8000 Hz, 9000 Hz, and 10,000 Hz. Tt will be
appreciated that different or additional cutoff frequencies
could also be used.

Thus, during the first pass through the loop beginning at
step 154, f; will be set to 0 Hz, and f;; to 250 Hz. The second
pass through the loop will set f; to 250 Hz and f;; to 500 Hz,
and so on.

Having set the appropriate digital filter parameters, the
processor 36 then proceeds to step 158, where the actual
filtering of the time segment occurs. To do so, this step
invokes another function referred to as “Do Filter Pass,”
which is shown in further detail in FIG. 6A and to which
reference is now made.

At step 168 of function Do Filter Pass, the previously
calculated filter parameters, as well as the time segment data
is received (10,240 data points). At step 170, the coefficients
for the filter are obtained from a predetermined table of
coefficients that correspond to each of the different filter
bands. Alternatively, the coefficients could be recalculated
by the processor 36 for each new filter band.

Having set the filter coefficients, the processor 36
executes program step 172, where the current time segment
is loaded into the digital filter. Optionally, rather than
loading all data samples, the signal may be decimated and
only every nth point loaded, where n is in the range of one
to four. Before the signal is decimated, it should be low pass
filtered down to a frequency less than or equal to the original
sample rate divided by 2*n. At step 174. the filtering
operation is performed on the current time segment data.
The results of the filtering operation are written into corre-
sponding time segment data locations within DSP data
memory 42. Although any one of a variety of different
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digital filter implementations could be used to filter the data,
in the preferred embodiment the digital bandpass filter is an
TIR cascade-type filter with a Butterworth response.

Once the filtering operation is complete for the current
filter band, the processor 36 proceeds to step 176 where the
results of the filtering operation are evaluated. This is
performed by the function referred to as “Evaluate Filtered
Data,” which is shown in further detail in FIG. 6B, to which
reference is now made.

At step 182 of Evaluate Filtered Data, a time slice of the
previously filtered time segment is received. Proceeding
next to step 183, the amplitude of this filtered signal is
calculated. The amplitude is calculated using the following
equation:

Amplitude = Max—_Min _2Mi"

where max=the highest amplitude value in the time slice;

and min=the lowest amplitude value in the time slice.

At step 184 the frequency of the filtered signal is mea-
sured. This is performed by a function called “Measure
Frequency of a Filtered Signal,” which is shown in further
detail in FIG. 6C. Referring to that figure, at step 192 the
filtered time slice data is received. At step 194, the processor
36 calculates the slope (i.e., the first derivative) of the
filtered signal at each data point. This slope is calculated
with reference to the line formed by the previous data poiat,
the data point for which the slope is being calculated, and the
data point following it, although other methods could also be
used.

Proceeding next to step 196, each of the data point
locations corresponding to a slope changing from a positive
value to a negative value is located. Zero crossings are
determined beginning at the maximum amplitude value in
the filtered signal and proceeding for at least three zero
crossings. The maximum amplitude value represents the
closure of the vocal folds. Taking this frequency measure-
ment after the close of the vocal folds insures the most
accurate frequency measurement. At step 198 the average
distance between these zero crossing points is calculated.
This average distance is the average period size of the signal,
and thus the average frequency of the signal contained
within this particular time slice can be calculated by dividing
the sample rate by this average period. At step 200, the
frequency of the signal and the average period size is
returned to the calling function “Evaluate Filtered Data.”
Processing then continues at step 184 in FIG. 6B.

Referring again to that figure, once the frequency of the
signal has been determined, at step 186 it is determined
whether that frequency falls within the cutoff frequencies of
the current filter band. If so, step 188 is executed, wherein
the frequency and the amplitude is stored in the “ffreq” and
the “ampi” arrays of the time slice’s corresponding Higgins
data structure. If the frequency does not fall within the cutoff
frequencies of the current filter band, then the frequency is
discarded and step 190 is executed, thereby causing the DSP
36 to return to the cailing function “Do Filter Pass.” Pro-
cessing then continues at step 176 in FIG. 6A.

As is shown in FIG. 6A, once the “Evaluate Filter”
Function has been performed, and the frequency and ampli-
tude of the current frequency band has been determined, the
DSP 36 proceeds next to program step 178. That step checks
whether the last time slice has been processed. If not, then
the program continues in the loop, and proceeds to program
step 176 to again operate the current band filter on the next
time slice, as previously described. If the last time slice has
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been filtered, then step 180 is performed and the processor
36 returns to the “Decompose a Speech Signal” function
where processing continues at step 158 in FIG. 6.

With continued reference to FIG. 6, the processor deter-
mines at step 159 if the first filter band has just been used for
this time segment. If so, the next step in the process is shown
at program step 162. There, a function referred to as “Get
Fundamental Frequency” is performed, which is shown in
further detail in FIG. 6D, and to which reference is now
made.

Beginning at step 202 of that function, the data associated
with the current time segment is received. Next, the proces-
sor 36 proceeds to program step 204 and identifies, by
querying the contents of the respective “fireq” array
locations, which of the time slices have frequency compo-
nents that are less than 350 Hz. This range of frequencies (0
through 350 Hz) was chosen because the fundamental
frequency for most speakers falls somewhere within the
range of 70 to 350 Hz. Limiting the search to this range
insures that only fundamental frequencies will be located.
When a time slice is located that does have a frequency that
falls within this range, it is placed in a histogram type data
structure. The histogram is broken up into “bins,” which
correspond to 50 hz blocks within the 0 to 350 Hz range.

Once this histogram has been built, the DSP 36 proceeds
to step 206, and determines which bin in the histogram has
the greatest number of frequencies located therein. The
frequencies contained within that particular bin are then
averaged, and the result is the Average Fundamental Fre-
quency (F,) for this particular time segment. This value is
then stored in DSP data memory 42.

At step 208, the DSP 36 calculates the “moving” average
of the average fundamental frequency, which is calculated to
be equal to the average of the F,’s calculated for the
previous time segments. In the preferred embodiment, this
moving average is calculated by keeping a running average
of the previous eight time segment average fundamental
frequencies, which corresponds to about two seconds of
speech. This moving average can be used by the processor
36 to monitor trends in the speaker’s voice, such as a change
in volume, and pitch, or even a change in speaker.

Once the average fundamental frequency for the time
segment and the moving average of the fundamental fre-
quency has been calculated, the processor 36 then enters a
loop to determine whether the individual time slices that
make up the current time segment have a fundamental
frequency f, component. This determination is made at step
210, wherein the processor 36, beginning with the first time
slice, compares the time slice’s various frequency compo-
nents (previously identified and stored within the fireq array
in the corresponding data structure) to the average funda-
mental frequency F, identified in step 206. If one of the
frequencies is within about 30% of that value, then that
frequency is deemed to be a fundamental frequency of the
time slice, and it is stored as a fundamental f, in the time
slice Higgins data structure, as is indicated at program step
214. As is shown at step 212, this comparison is done for
each time slice. At step 216, after each time slice has been
checked, the DSP 36 returns to the Decompose a Speech
Signal routine, and continues processing at step 162 in FIG.
6.

At step 160 in that figure, the processor 36 checks if the
last pair of cutoff frequencies (f; and fy) has yet been used.
If not, the processor 36 continues the loop at step 154, and
obtains the next set of cutoff frequencies for the next filter
band. The DSP 36 then continues. the filtering process as
described above until the last of the filter bands has been
used to filter each time slice. Thus, each time segment will
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be filtered at each of the filter bands. When complete, the
Higgins data structure for each time slice will have been
updated with each a clear identification of the frequency, and
its amplitude, contained within each of the various filter
bands. Advantageously, the frequency data has thus far been
obtained without utilizing an FFT approach, and the prob-
lems associated with that tool have thus been avoided.

Once the final pair of cutoff frequencies has been used at
step 160, step 166 causes the DSP 36 to execute a return to
the main program illustrated in FIG. 4. Having completed
the Decompose a Speech Signal portion of the program
method, there exists a Higgins Data structure for each time
slice. Contained within that structure are various sound
characteristics culled from both time domain data and fre-
quency domain data. These characteristics can now be
utilized to identify the particular sound, or phoneme, carried
by the signal. In the preferred embodiment, the series of
program steps used to implement this portion of the program
method are stored within the host program memory 58, and
are executed by the Host Sound Processor 54.

This first function performed by the host sound processor
$4 is illustrated in the block labeled “Point of Maximum
Intelligence” shown at item 106 in FIG. 4. In this function,
the processor 54 evaluates which of the Higgins data struc-
tures are critical to the identification of the phoneme sounds
contained within the time segment. This reduces the amount
of processing needed to identify a phoneme, and insures that
phonemes are accurately identified.

One example of the detailed program steps used to
implement this function are shown in FIG. 7, to which
reference is now made. The process begins at step 230,
where the host sound processor 54 receives each of the
Higgins Data Structures for the current time segment via the
host interface 52, and stores them within host data memory
60. At step 232, for all time slices containing a voiced sound,
the absolute value of the slope of each filtered signal
frequency is calculated, and then summed. The slope of a
particular filtered signal is preferably calculated with refer-
ence to the frequencies of the signals located in the imme-
diately adjacent time slices. Thus, for the filtered signal
associated with the second frequency band, its slope is
calculated by referencing its frequency with the correspond-
ing filter signal frequencies in adjacent time slices (which
are located in the second array location of the respective
ffreq array). The sum of the absolute value of each filtered
signal’s slope for a time slice is then stored in the sumSlope
variable of each applicable Higgins data structure.

The host processor 54 then proceeds to program step 234.
At this step, a search is conducted for those time slices which
have a sumSlope value going through a minimum and which
also have an average amplitude Lg that goes through a
maximum. The time slices which satisfy both of these
criteria are time slices where the formant frequencies are
changing the least (i.e., minimum slope) and where the
sound is at it highest average amplitude (i.e., highest Lg),
and are thus determined to be the point at which the dynamic
sound has most closely reached a static or target sound.
Those time slices that satisfy both criteria are identified as
“points of maximum intelligence,” and the corresponding
PMI variable within the Higgins data structure is filled with
a PMI value. Other time slices contain frequency compo-
nents that are merely leading up to this target sound, and thus
contain information that is less relevant to the identification
of the particular phoneme.

Having identified which “voiced” time slices should be
considered “points of maximum intelligence,” the same is
done for all time slices containing an “unvoiced” sound.
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This is accomplished at step 236, where each unvoiced time
slice having an average amplitude Lg that goes through a
maximum s identified as a “point of maximum intelli-
gence.” Again, the corresponding PMI variable within the
appropriate Higgins data structure is filled with a PMI value.

The host processor 54 then proceeds to program step 238
wherein the “duration” of each time slice identified as a PMI
point is determined by calculating the number of time slices
that have occurred since the last PMI time slice occurred.
This duration value is the actual PMI value that is placed
within each time slice data structure that has been identified
as being a “point of maximum intelligence.” The host
processor 54 then returns, as is indicated at step 240, to the
main calling routine shown in FIG. 4.

Referring again to that figure, the next functional block
performed is the “Evaluate” function, shown at 108. This
function analyzes the sound characteristics of each of the
time slices identified as points of maximum intelligence, and
determines the most likely sounds that occur during these
time slices. This is generally accomplished by comparing the
measured sound characteristics (i.e., the contents of the
Higgins structure) to a set of standard sound characteristics.
The sound standards have been compiled by conducting
tests on a cross-section of various individual speaker’s
sound patterns, identifying the characteristics of each of the
sounds, and then formulating a table of standard sound
characteristics for each of the forty or so phonemes which
make up the given language.

Referring to FIG. 8, one example of the detailed program
steps used to implement the Evaluate function are illus-
trated. Beginning at program step 242, each of the time
slices identified as PMI points are received. At step 244, the
host processor 54 executes a function referred to as “Cal-
culate Harmonic Formant Standards.”

The Calculate Harmonic Formant Standards function
operates on the premise that the location of frequencies
within any particular sound can be represented in terms of
“half-steps.” The term half-steps is typically used in the
musical context, but it is also a helpful in the analysis of
sounds. On a musical or chromatic scale, the frequency of
the notes doubles every octave. Since there are twelve notes
within an octave, the frequency of two notes are related by
the formula:

UPPER NOTE=(LOWER NOTE)*2™12

where n is the number of half-steps.
Given two frequencies (or notes), the number of half-steps
between them is given by the equation:
12*103( BowerPFm uezzy )

5= Tos2)

Thus, the various frequencies within a particular sound
can be thought of in terms of a musical scale by calculating
the distance between each component frequency and the
fundamental frequency in terms of half-steps. This notion is
important because it has been found that for any given
sound, the distance (i.e. the number of half-steps) between
the fundamental frequency and the other component fre-
quencies of the sound are very similar for all speakers—
men, women and children.

The Calculate Harmonic Formant Standards function
makes use of this phenomania by building a “standard”
musical table for all sounds. Specifically, this table includes
the relative location of each of the sound’s frequency
components in terms of their distance from a fundamental
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frequency, wherein the distance is designated as a number of
half-steps. This is done for each phoneme sound. This
standard musical table is derived from the signal character-
istics that are present in each sound type (phoneme), which
are obtained via sample data taken from a cross-section of
speakers.

Specifically, voice samples were taken from a represen-
tative group of speakers whose fundamental frequencies
cover a range of about 70 Hz to about 350 Hz. The voice
samples are specifically chosen so that they include all of the
forty or so phoneme sounds that make up the English
language. Next, the time domain signal for each phoneme
sound is 2 evaluated, and all of the frequency components
are extracted in the manner previously described in the
Decompose function using the same frequency bands.
Similarly, the amplitudes for each frequency component are
also measured. From this data, the number of half steps
between the particular phoneme sound’s fundamental fre-
quency and each of the sound’s component frequencies is
determined. This is done for all phoneme sound types. A
separate x-y plot can then be prepared for each of the
frequency bands for each sound. Each speaker’s sample
points are plotted, with the speaker’s fundamental frequency
(in half-steps) on the x-axis, and the distance between the
measured band frequency and the fundamental frequency (in
half-steps) on the y-axis. A linear regression is then per-
formed on the resulting dam, and a resulting “best fit line”
drawn through the data points. An example of such a plot is
shown in FIGS. 12A-12C, which illustrates the representa-
tive data points for the sound “Ah” (PASCI sound 024), for
the first three frequency bands (shown as B1, B2 and B3).

Graphs of this type are prepared for all of the phoneme
sound types, and the slope and the y-intercept equations for
each frequency band for each sound are derived. The results
are placed in a tabular format, one preferred example of
which is shown in TABLE II in Appendix A. As is shown,
this table contains a phoneme sound (indicated as a PASCII
value) and, for each of the bandpass frequencies, the slope
(m) and the y-intercept (b) of the resulting linear regression
line. Also included in the table is the mean of the signal
amplitudes for all speakers, divided by the corresponding L
value, at each particular frequency band. Alternatively, the
median amplitude value may be used instead.

As can be seen from the graph in FIGS. 12A-12C, the
data points for each of the speakers in the test group are
tightly grouped about the regression line, regardless of the
speaker’s fundamental frequency. This same pattern exists
for most all other sounds as well. Further, the pattern extends
to speakers other than those used to generate the sample
data. In fact, if the fundamental frequency and the frequency
band locations (in half-steps) are known for any given sound
generated by any given user, the corresponding sound type
(phoneme) can be determined by comparison to these stan-
dard values.

The Calculate Harmonic Formant Standards function uti-
lizes this standard sound equations data (TABLE II) to build
a representative musical table containing the standard half-
step distances for each sound. Importantly, it builds this
standards table so that it is correlated to a specific funda-
mental frequency, and specifically, it uses the fundamental
frequency of the time slice currently being evaluated. The
function also builds a musical table for the current time
slice’s measured data (i.e., the Higgins structure fo and ffreq
data). The time slice “measured” data is then compared to
the sound “standard” data, and the closest match indicates
the likely sound type (phoneme). Since what is being
compared is essentially the relative half-step distances
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between the various frequency components and the funda-
mental frequency—which for any given sound are consistent
for every speaker—the technique insures that the sound is
recognized independently of the particular speaker.

One example of the detailed program steps used to
accomplish the “Calculate Harmonic Formant Standards”
function is shown in FIG. 8A, to which reference is now
made. Beginning at program step 280, the Higgins structure
for the current time slice is received. Step 282 then converts
that time slice into a musical scale. This is done by calcu-
lating the number half-steps each frequency component
(identified in the “Decompose” function and stored in the
fireq amray) is located from the fundamental frequency.
These distances are calculated with the following equation:

i

s (- )
=gy
where N=1 through 15, corresponding to each of the differ-
ent frequencies calculated in the Decompose function and
stored in the fireq array for this time slice; and f =the
fundamentat frequency for this time slice, also stored in the
Higgins data structure. The value 60 is used to normalize the
number of half-steps to an approximate maximum number
of half-steps that occur.
The results of the calculation are stored by the host processor
54 as an array in the host processor data memory 60.

Having converted the time slice to the musical scale, the
processor 54 next enters a loop to begin building the
corresponding sound standards table, so it too is represented
in the musical scale. Again, this is accomplished with the
standard equations data (TABLE ), which is also stored as
an array in host data memory 60.

Beginning at step 284, the host processor 54 obtains the
standard equations data for a sound, and queries whether the
current time slice contains a voiced sound. If not, the
processor 54 proceeds to program step 290, where it calcu-
lates the number of half-steps each frequency component
(for each of the frequency bands previously identified) is
located from the fundamental frequency. The new “stan-
dards” are calculated relative to the fundamental frequency
of the current time slice. The formula used to calculate these
distance is:

~m *fo+b
Swsr=——75——

where m=the slope of the standard equation line previously
identified; b=the y-intercept of the standard equation line
previously identified; f =fundamental frequency of the cur-
rent time slice; and the value 60 is used to normalize the
number of half-steps to an approximate maximum number
of half-steps that occur.

This calculation is completed for all 15 of the frequency
bands. Note that unvoiced sounds do not have a “fundamen-
tal” frequency stored in the data structure’s f, variable. For
purposes of program step 290, the frequency value identified
in the first frequency band (i.e. contained in the first location
of the ffreq array) is used as a “fundamental.”

If at step 284 it is determined that the current time slice
is voiced, the host sound processor 54 proceeds to program
step 286 and queries whether the current standard sound is
a fricative. If it is a fricative sound, then the processor 54
proceeds to step 290 to calculate the standards for all of the
frequency bands (one through fifteen) in the manner
described above.
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If the current sound is not a fricative, the host processor
54 proceeds to step 288. At that step, the standards are
calculated in the same manner as step 290, but only for the
frequency bands 1 through I1.

After the completion of program step 288 or step 290, the
processor 54 proceeds to step 292, where it queries whether
the final standard sound in the table has been processed for
this time slice. If not, the next sound and its associated slope
and intercept data are obtained, and the loop beginning at
step 284 is re-executed. If no sounds remain, then the new
table of standard values, expressed in terms of the musical
scale, is complete for the current time slice (which has also
been converted to the musical scale). The host processor 54
exits the routine at step 294, and returns to the Evaluate
function at step 244 in FIG. 8.

Referring again to that figure, the host processor 54 next
executes program step 250 to query whether the current time
slice is voiced. If not, the processor 54 executes program
step 246, which executes a function referred to as “Multi-
variate Pattern Recognition.” This function merely com-
pares “standard” sound data with “measured” time slice
data, and evaluates how closely the two sets of data corre-
spond. In the preferred embodiment, the function is used to
compare the frequency (expressed in half-steps) and ampli-
tude components of each of the standard sounds to the
frequency (also expressed in half-steps) and amplitude com-
ponents of the current time slice. A close match indicates
that the time slice contains that particular sound (phoneme).

One example of the currently preferred set of program
steps used to implement the “Multivariate Pattern Recogni-
tion” function is shown in the program flow chart of FIG.
8B, to which reference is now made. Beginning at step 260,
an array containing the standard sound frequency compo-
nent locations and their respective amplitudes, and an array
containing the current time slice frequency component loca-
tions and their respective amplitudes, are received. Note that
the frequency locations are expressed in terms of half-step
distances from a fundamental frequency, calculated in the
“Calculate Harmonic Formant Standards” function. The
standard amplitude values are obtained from the test data
previously described, examples of which are shoWn in
TABLEII, and the amplitude components for each time slice
are contained in the Higgins structure “amplitude” array, as
previously described.

At step 262, the first sound standard contained in the
standards array is compared to the corresponding time slice
data. Specifically, each time slice frequency and amplitude
“data point” is compared to each of the current sound
standard frequency and amplitude “data points.” The data
points that match the closest are then determined.

Next, at program step 264, for the data points that match
most closely, the Euclidean distance between the time slice
data and the corresponding standard data is calculated. The
Euclidean distance (ED) is calculated with the following
equation:

2

i [ ( standard(f}) — measured(f;) )
i=1 measured(f;) *
ED= 2
(standard(a;) — measured(a;) ) ]
measured(a;)

Where n=the number of data points compared; “” indi-
cates frequency; and “a” indicates amplitude.

At program step 266, this distance is compared to the
distances found for other sound standards. If it is one of the
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five smallest found thus far, the corresponding standard
sound is saved in the Higgins structure in the POSSIBLE
PHONEMES array at step 268. The processor then proceeds
to step 270 to check if this was the last sound standard within
the array and, if not, the next standard is obtained at program
step 272. The same comparison loop is then performed for
the next standard sound. If at step 266 it is found that the
calculated Euclidean distance is not one of the five smallest
distances already found, then the processor 54 discards that
sound as a possibility, and proceeds to step 270 to check if
this was the final standard sound within the array. If not, the
next sound standard is obtained at program step 272, and the
comparison loop is re-executed.

This loop continues to compare the current time slice data
to standard sound data until it is determined at step 270 that
them are no remaining sound standards for this particular
time slice. At that point, step 274 is performed, where each
of the sound possibilities previously identified (up to five)
are prioritized in descending order of probability. The pri-
oritization is based on the following equation:

SM—_ED _
SM

NUMBER of values — 1

Probability =

where ED=Euclidean Distance calculated for this sound;
SM=the slum of all EDs of identified sound possibilities.

The higher the probability value, the more likely that the
corresponding sound is the sound contained within the time
slice. Once the probabilities for each possible sound have
been determined, the processor 54 proceeds to step 276, and
returns to the calling routine Evaluate at step 246 in FIG. 8.
The Higgins structure now contains an array of the most
probable phonemes (up to five) corresponding to this par-
ticular time slice. Host Processor 54 then performs step 248
to determine if there is another time slice to evaluate. If there
is, the processor 54 reenters the loop at step 242 to obtain the
next time slice and continue processing. If no time slices
remain, the processor 54 executes step 260 and returns to the
main calling routine in FIG. 4.

If at step 250, it was instead determined that the current
time slice contained a voiced sound, then the host sound
processor 54 proceeds to program step 252. At this step, the
host processor 54 determines whether the sound carried in
the time slice is a voiced fricative, or if it is another type of
voiced sound. This determination is made by inspecting the
Relative Amplitude (RA) value and the frequency values
contained in the fireq array. If RA is relatively low, which in
the preferred embodiment is any value less than about 65,
and if there are any frequency components that are relatively
high, which in the preferred embodiment is any frequency
above about 6 kHz, then the sound is deemed a voiced
fricative, and host 54 proceeds to program step 254.
Otherwise, 54 proceeds to program step 256.

Program steps 254 and 256 both invoke the “Multivariate
Pattern Recognition” routine, and both return a Higgins
structure containing up to five possible sounds, as previously
described. After completing program step 254, the host
processor 54 will get the next time slice, as is indicated at
step 248.

However, when program step 258 is completed, the host
processor 54 will execute program step 258, which corre-
sponds to a function referred to as “Adjust for Relative
Amplitude.” This function assigns new probability levels to
each of the possible sounds previously identified by the
“Multivariate Pattern Recognition” routine and stored in the
Higgins data structure. This adjustment in probability is
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based on yet another comparison between the time slice data
and standard sound data. One example of the presently
preferred program steps needed to implement this function
is shown in FIG. 8C, to which reference is now made.

Beginning at program step 300, the relative amplitude
(RA) for the time slice is calculated using the following
formula:

L

RA= MaxAmpl

where L is the absolute average of the amplitude for this
time slice stored in the Higgins Structure; and MaxAmpl is
the “moving average” over the previous 2 seconds of the
maximum Lg for each time segment (10,240 data points) of
data.

The host processor 54 then proceeds to program step 304
and calculates the difference between the standard relative
amplitude calculated in step 300, and the standard relative
amplitude for each of the probable sounds contained in the
Higgins data structure. The standard amplitude data is
comprised of average amplitudes obtained from a represen-
tative cross-sample of speakers, an example of which is
shown in TABLE IIT in the appendix.

Next, at program step 306 the differences are ranked, with
the smallest difference having the largest rank, and the
largest difference having the smallest rank of one. Proceed-
ing next to program step 308, new probability values for
each of the probable sounds are calculated by averaging the
previous confidence level with the new percent rank calcu-
lated in step 306. At program step 310, the probable sounds
are then re-sorted, from most probable to least probable,
based on the new confidence values calculated in step 308.
At step 312, the host processor 54 returns to the calling
routine “Evaluate” at program step 258 in FIG. 8.

Referring again to FIG. 8 having completed the Adjust for
Relative Amplitude routine, the host sound processor pro-
ceeds to program step 248 and determines whether another
time slice remains. If so, the processor 54 reenters the loop
at step 242, and processes a new time slice in the same
manner as described above. If not, the processor 54 executes
step 260 and returns to the main calling routine in FIG. 4.

The next step performed by the sound recognition host
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to as the “Compress Phones” function. As already discussed,
this function discards those time slices in the current time
segment that are not designated “points of maximum intel-
ligence.” In addition, it combines any contiguous time slices
that represent “quiet” sounds. By eliminating the unneces-
sary time slices, all that remains are the time slices (and
associated Higgins structure data) needed to identify the
phonemes contained within the current time segment. This
step further reduces overall processing requirements and
insures that the system is capable of performing sound
recognition in substantially real time.

One presently preferred example of the detailed program
steps used to implement the “Compress Phones” function is
shown in FIG. 9, to which reference is now made. Beginning
at program step 316, the host sound processor 54 receives
the existing sequence of time slices and the associated
Higgins data structures. At program step 318, processor 54
eliminates all Higgins structures that do not contain PMI
points. Next, at program step 320 the processor 54 identifies
contiguous data structures containing “quiet” sections, and
reduces those contiguous sections into a single representa-
tive data structure. The PMI duration value in that single
data structure is incremented so as to represent all of the
contiguous “quiet” structures that were combined.
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At this point, there exists in the host processor data
memory 60 a continuous stream of Higgins data structures,
each of which contains sound characteristic data and the
possible phoneme(s) associated therewith. All unnecessary,
irrelevant and/or redundant aspects of the time segment have
been discarded so that the remaining data stream represents
the “essence” of the incoming speech signal. Importantly,
these essential characteristics have been culled from the
speech signal in a manner that is not dependent on any one
particular speaker. Further, they have been extracted in a
manner such that the speech signal can be processed in
substantially real time—that is, the input can be received and
processed at normal rate of speech.

Having reduced the Higgins structure data, the Compress
Phones function causes the sound recognition host processor
54 to place that data in host data memory 60 in program step
324. Proceeding next to program step 326, the host sound
processor 54 returns to the main portion of the program
method in FIG. 4.

As is shown in that figure, the next portion of the program
method corresponds to the function referred to as the “Lin-
guistic Processor.” The Linguistic Processor is that portion
of the method which further analyzes the Higgins structure
data and, by applying a series of higher level linguistic
processing techniques, identifies the word or phrase that is
contained within the current time segment portion of the
incoming speech signal.

Although alterative linguistic processing techniques and
approaches could be used, one presently preferred set of
program steps used to implement the Linguistic Processor is
shown in the flow chart of FIG. 10. Beginning at program
step 350 of that function, the host sound processor 54
receives the set of Higgins structure data created by the
previously executed Compress Phones function. As already
discussed, this data represents a stream of the possible
phonemes contained in the current time segment portion of
the incoming speech signal. At program. step 352, the
processor 54 passes this data to a function referred to as
“Dictionary Lookup.”

In one preferred embodiment, the Dictionary Lookup
function utilizes a phonetic-English dictionary that contains
the English spelling of a word along with its corresponding
phonetic representation. The dictionary can thus be used to
identify the English word that corresponds to a particalar
stream of phonemes. The dictionary is stored in a suitable
database structured format, and is placed within the dictio-
nary portion of computer memory 62. The phonetic dictio-
nary can be logically separated into several separate dictio-
naries. For instance, in the preferred embodiment, the first
dictionary contains a database of the most commonly used
English words. Another dictionary may include a database
that contains a more comprehensive Webster-like collection
of words. Other dictionaries may be comprised of more
specialized words, and may vary depending on the particular
application. For instance, there may be a user defined
dictionary, a medical dictionary, a legal dictionary, and so
on.

All languages can be described in terms of a particular set
of phonetic sounds. Thus, it will be appreciated that although
the preferred embodiment utilizes an English word
dictionary, any other phonetic to non-English language
dictionary could be used.

Basically, Dictionary Lookup scans the appropriate dic-
tionary to determine if the incoming sequence of sounds (as
identified by the Higgins data structures) form a complete
word, or the beginnings of a possible word. To do so, the
sounds are placed into paths or “sequences” to help detect,
by way of the phonetic dictionary, the beginning or end of
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possible words. Thus, as each phoneme sound is received, it
is added to the end of a all non-completed “sequences.” BEach
sequence is compared to the contents of the dictionary to
determine if it leads to a possible word. When a valid word
(or set of possible words) is identified, it is passed to the next
functional block within the Linguistic Processor portion of
the program for further analysis.

By way of example and not limitation, FIG. 10A illus-
trates one presently preferred set of program steps used to
implement the Dictionary Lookup function. The function
begins at program step 380, where it receives the current set
of Higgins structures corresponding to the current time
segment of speech. At program step 384, the host sound
processor 54 obtains a phoneme sound (as represented in a
Higgins structure) and proceeds to program step 386 where
it positions a search pointer within the current dictionary that
corresponds to the first active sequence. An “active”
sequence is a sequence that could potentially form a word
with the addition of a new sound or sounds. In contrast, a
sequence is deemed “inactive” when it is determined that
there is no possibility of forming a word with the addition of
new sounds.

Thus, at program step 386 the new phonetic sound is
appended to the first active sequence. At program step 388,
the host processor 54 checks, by scanning the current
dictionary contents, whether the current sequence either
forms a word, or whether it could potentially form a word by
appending another sound(s) to it. If so, the sequence is
updated by appending to it the new phonetic sound at
program step 390. Next, at program step 392, the host
processor determines whether the current sequence forms a
valid word. If it does, a ‘new sequence’ flag is set at program
step 394, which indicates that a new sequence should be
formed beginning with the very next sound. If a valid word
is not yet formed, the processor 54 skips step 394, and
proceeds directly to program step 396.

If at step 388 the host processor 54 instead determines,
after scanning the dictionary database, that the current
sequence would not ever lead to a valid word, even if
additional sounds were appended, then the processor 54
proceeds to program step 398. At this step, this sequence is
marked “inactive.” The processor 54 then proceeds to pro-
gram step 396.

At step 396, the processor 54 checks if there are any more
active sequences to which the current sound should be
appended. If so, the processor 54 will proceed to program
step 400 and append the sound to this next active sequence.
The processor 54 will then re-execute program step 388, and
process this newly formed sequence in the same manner
described above.

If at program step 396 it is instead determined that there
are no remaining active sequences, then host sound proces-
sor 54 proceeds to program step 402. There, the ‘new
sequence’ flag is queried to determine if it was set at program
step 394, thereby indicating that the previous sound had
created a valid word in combination with an active sequence.
If set, the processor will proceed to program step 406 and
create a new sequence, and then go to program step 408. If
not set, the processor 54 will instead proceed to step 404,
where it will determine whether all sequences are now
inactive. I they are, processor 54 will proceed immediately
to program step 408, and if not, the processor 54 will instead
proceed to step 406 where it will open a new sequence
before proceeding to program step 408.

At program step 408, the host sound processor 54 evalu-
ates whether a primary word has been completed, by que-
rying whether all of the inactive sequences, and the first
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active sequence result in a common word break. If yes, the
processor 54 will output all of the valid words that have been
identified thus far to the main calling routine portion of the
Linguistic Processor. The processor 54 will then discard all
of the inactive sequences, and proceed to step 384 to obtain
the next Higgins structure sound. If at step 408 it is instead
determined that a primary word has not yet been finished,
the processor 54 will proceed directly to program step 384
to obtain the next Higgins structure sound. Once a new
sound is obtained at step 384, the host processor 54 proceeds
directly to step 386 and continues the above described
process.

As the Dictionary Lookup function extracts words from
the Higgins structure data, there may certain word possi-
bilities that have not yet been resolved. Thus, the Linguistic
Processor may optionally include additional functions which
further resolve the remaining word possibilities. One such
optional function is referred to as the “Word Collocations™
function, shown at block 354 in FIG. 10.

Generally, the Word Collocations function monitors the
word possibilities that have been identified by the Dictionary
Lookup function to see if they form a “common” word
collocation. A set of these common word collocations are
stored in a separate dictionary database within dictionary
memory 64. In this way, certain word possibilities can be
eliminated, or at least assigned lower confidence levels,
because they do not fit within what is otherwise considered
a common word collocation. One presently preferred
example of the program steps used to implement this par-
ticular function are shown, by way of example and not
limitation, in FIG. 10B, to which reference is now made.

Beginning at program step 420, a set of word possibilities
are received. Beginning with one of those words at step 422,
the host sound processor 54 next proceeds to program step
424 where it obtains any collocation(s) that have been
formed by preceding words. The existence of such colloca-
tions would be determined by continuously comparing
words and phrases to the collocation dictionary contents. If
such a collocation or collocations exist, then the current
word possibility is tested to see if it fits within the colloca-
tion context. At step 428, those collocations which no longer
apply are discarded. The processor 54 then proceeds to step
430 to determine if any word possibilities remain, and if so,
the remaining word(s) is also tested within the collocation
context beginning at program step 422.

Once this process has been applied to all word
possibilities, the processor 54 identifies which word, or
words, were found to “fit” within the collocation, before
returning, via program step 436, to the main Linguistic
Processor routine. Based on the results of the Collocation
routine, certain of the remaining word possibilities can then
be eliminated, or at least assigned a lower confidence level.

Another optional function that can be used to resolve
remaining word possibilities is the “Grammar Check”
function, shown at block 356 in FIG. 10. This function
evaluates a word possibility by applying certain grammatical
rules, and then determining whether the word complies with
those rules. Words that do mot grammatically fit can be
eliminated as possibilities, or assigned lower confidence
levels.

By way of example, the Grammar Check function can be
implemented with the program steps that are shown in FIG.
10C. Thus, at step 440, a current word possibility along with
a preceding word and a following word are received. Then
at step 442, a set of grammar rules, stored in a portion of host
sound processor memory, are quetied to determine what
“part of speech” would best fit in the grammatical context of
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the preceding word and the following word. If the current
word possibility matches this “part of speech” at step 444,
then that word is assigned a higher confidence level before
returning to the Linguistic Processor at step 446. If the
current word does not comply with the grammatical “best
fit” at step 444, then it is assigned a low confidence level and
returned to the main routine at step 446. Again, this confi-
dence level can then be used to further eliminate remaining
word possibilities.

Referring again to FIG. 10, having completed the various
functions which identify the word content of the incoming
speech signal, the Linguistic Processor function causes the
host sound processor 54 to determine the number of word
possibilities that still exist for any given series of Higgins
structures.

If no word possibilities have yet been identified, then the
processor 54 will determine, at program step 366, if there
remains a phonetic dictionary database (i.e., a specialized
dictionary, a user defined dictionary, etc.) that has not yet
been searched. If so, the processor 54 will obtain the new
dictionary at step 368, and then re-execute the searching
algorithm beginning at program step 352. If however no
dictionaries remain, then the comresponding unidentified
series of phoneme sounds (the unidentified “word”) will be
sent directly to the Command Processor portion of the
program method, which resides on Host computer 22.

If at program step 358 more than one word possibility still
remains, the remaining words are all sent to the Command
Processor. Similarly, if only one word possibility remains,
that word is sent to the directly to the Command Processor
portion of the algorithm. Having output the word, or pos-
sible words, program step 370 causes the host sound pro-
cessor 54 to return to the main algorithm, shown on FIG. 4.

As words are extracted from the incoming speech signal
by the Linguistic Processor, they are immediately passed to
the next function in the overall program method referred to
as the “Command Processor,” shown at function block 114
in FIG. 4. In the preferred embodiment, the Command
Processor is a series of program steps that are executed by
a Host Computer 22, such as a standard desktop personal
computer. As already noted, the host computer 22 receives
the incoming words by way of a suitable communications
medium, such as a standard RS-232 cable 24 and interface
66. The Command Processor then receives each word, and
determines the manner by which it should be used on the
host computer 22. For example, a spoken word may be input
as text directly into an application, such as a wordprocessor
document. Conversely, the spoken word may be passed as a
command to the operating system or application.

Referring next to FIG. 11, illustrated is one preferred
example of the program steps used to implement the Com-
mand Processor function. To begin, program step 450 causes
the host computer 22 to receive a word created by the
Linguistic Processor portion of the algorithm. The host
computer 22 then determines, at step 452, whether the word
received is an operating system command. This is done by
comparing the word to the contents of a definition file
database, which defines all words that constitute operating
system commands. If such a command word is received, it
is passed directly to the host computer 22 operating system,
as is shown at program step 454.

If the incoming word does not constitute an operating
system command, step 456 is executed, where it is deter-
mined if the word is instead an application command, as for
instance a command to a wordprocessor or spreadsheet.
Again, this determination is made by comparing the word to
another definition file database, which defines all words that
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constitute an application command. If the word is an appli-
cation command word, then it is passed directly, at step 458,
to the intended application.

I the incoming word is neither a operating system
command, or an application command, then program step
460 is executed, where it is determined whether the Com-
mand Processor is still in a “command mode.” If so, the
word is discarded at step 464, and essentially ignored.
However, if the Command Processor is not in a command
mode, then the word will be sent directly to the current
application as text.

Once a word is passed as a command to either the
operating system or application at program steps 454 and
458, the host computer 22 proceeds to program step 466 to
determine whether the particular command sequence is yet
complete. If not, the algorithm remains in a “command
mode,” and continues to monitor incoming words so as to
pass them as commands directly to the respective operating
system or application. If the command sequence is complete
at step 466, then the algorithm will exit the command mode
at program step 470.

In this way, the Command Processor acts as a front-end to
the operating system and/or to the applications that are
executing on the host computer 22. As each new word is
received, it is selectively directed to the appropriate com-
puter resource. Operating in this manner, the system and
method of the current invention act as a means for entering
data and/or commands to a standard personal computer. As
such, the system essentially replaces, or supplements other
computer input devices, such as keyboards and pointing
devices. :

Attached hereto at Appendix B, and incorporated herein
by reference, is an example of a computer program listing
written in the “C” programming language, which serves to
illustrate one way in which the method of the present
invention was implemented to perform real-time, user-
independent speech recognition. It should be recognized that
the system and method of the present invention are not
intended to be limited by the program listing contained in
Appendix B, which is merely an illustrative example, and
that the method could be implemented using virtnally any
other programming language other than “C.”

IiI. SUMMARY AND SCOPE OF THE
INVENTION

In summary, the system and method of the present inven-
tion for speech recognition provides a powerful and much
needed tool for providing user independent speech recogni-
tion. Importantly, the system and method extracts only the
essential components of an incoming speech signal. The
system then isolates those components in a manner such that
the underlying sound characteristics that are common to all
speakers can be identified, and thereby used to accurately
identify the phonetic make-up of the speech signal. This
permits the system and method to recognize speech utter-
ances from any speaker of a given language, without requir-
ing the user to first “train” the system with specific voice
characteristics.

Further, the system and method implements this user
independent speech recognition in a manner such that it
occurs in substantially “real time.” As such, the user can
speak at normal conversational speeds, and is not required to
pause between each word.

Finally, the system utilizes various linguistic processing
techniques to translate the identified phonetic sounds into a
corresponding word or phrase, of any given language. Once
the phonetic stream is identified, the system is capable of
recognizing a large vocabulary of words and phrases.
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While the system and method of the present invention has
been described in the context of the presently preferred
embodiment and ‘the examples illustrated and described
herein, the invention may be embodied in other specific
ways or in other specific forms without departing from its
spirit or essential characteristics. Therefore, the described
embodiments and examples are to be considered in all
respects only as illustrative and not restrictive. The scope of
the invention is, therefore, indicated by the appended claims
rather than by the foregoing description, and all changes
which come within the meaning and range of equivalency of
the claims are to be embraced within their scope.

TABLE IT
APPENDIX A
SOUND Y-
PASCI FREQ SLOPE  INTERCEPT
VALUE BAND# (m) ®) AMPLITUDE
1 1 23925 0.0639 0.73378
1 2 43.1006 0.116964 0.08242
1 3 54.5453 0.1132 0.01025
1 4 60.7934 0.111916 0.01257
1 5 62.7092 0.0989 0.06235
1 6 669046 0.105248 0.07415
1 7 689042  0.101159 0.098
1 3 709304  0.102078 0.05573
1 9 73.8657 0.103871 0.0297
1 10 766542  0.109661 0.01606
1 1 78.566 0.105545 0.02196
1 12 0 0 0
1 13 0 0 0
1 14 0 0 0
1 15 0 0 0
3 1 31.0818 0.0948 07639
3 2 37.6375 0.0787 0.2279
3 3 548824 0115936 0.02602
3 4 59.882 0.103487 0.05287
3 5 61.3428 0.097235 0.11788
3 6 67.4577 0.107712 0.10825
3 7 69.8282 0.106478 0.04873
3 8 719363 0.104027 0.02985
3 9 741275 0.105246 002271
3 10 75.6143 0.102906 0.00936
3 11 793344 0.106665 001144
3 12 0 0 0
3 13 (] 1] (4]
3 14 ¢] 0 o]
3 15 0 0 0
7 1 358081 0.117513 0.7151
7 3 559232 0.122236 0.05651
7 4 59.2746 0.105329 0.201
7 5 64.3502 0.111596 0.15908
7 6 66.8912 0.105726 0.10852
7 7 70.5895 0.110907 0.07466
7 8 723561 0.108349 0.03763
7 9 74,6623 0.108032 0.02601
7 10 76.825 0.11056 00184
7 1 795416  0.110216 0.02638
7 12 0 0 0
7 13 0 0 0
7 14 o 0 0
7 15 0 0 0
% 1 26.3645 0.0772 0.5820
% 2 43.4946 0.095061 0.71981
24 3 50.796 0.0974 0.46648
24 4 60.6949 0.122010 0.05332
24 5 65.2771 0.116403 0.03806
2% 6 669481 0.106186 0.05735
2% 7 71,0327 0.1114422 0.03654
2% 8 72.5388 0.108871 0.03031
% 9 760082  0.116995 001378
2% 10 77.3385 0.112669 0017
% 11 78.6243 0.104959 0.01501
% 12 0 0 0
% 13 0 0 0
% 14 0 0 0
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TABLE II-continued

APPENDIX A

SOUND Y
PASCI FREQ SLOPE  INTER
VALUE BAND# (m) () AMPLITUDE
24 15 0 0 0
9 1 273808 0.0891 0.6873
9 2 46,0161 0.117744 0.6969
5 3 57.4503 0.132157 0.2288
9 4 50.863 0.113996 0.3164
9 5 67.1216  0.130564 0.16726
9 6 685702 0.119971 0.10475
9 7 721892 0.122477 0.04561
9 8 738496  0.11908 0.04229
9 9 77.1308 0.125179 0.02519
9 10 780586  0.118421 0.02961
9 1 81.6235 0.125473 0.02507
9 12 0 0 0
9 13 0 0 0
9 14 0 0 0
9 15 0 0 0
14 1 209976 00967 0.6035
14 2 40.7208 0.0901 0.73174
14 3 550417 0.117045 0.24344
14 4 58.4921 0.107211 0.10904
14 5 658377 0.119586 0.04517
14 6 65.9093 0.100399 0.05183
14 7 709514  0.113684 0.03564
14 8 72519 0.107896 0.02398
14 ) 753182 0.113199 0.01906
14 10 76.5463 0.108146 0.01425
14 1 79.4491 0.109836 0.01929
14 12 0 0 0
14 13 0 0 0
14 14 0 0 0
14 15 I 0 0
17 1 269756 0076984 0.84656
17 2 518834  0.148419 0.1327
17 3 50.9061 0.0955 0.06494
17 4 60.211 0.111777 0.01722
17 5 63.4817 0.10496 0.01704
17 6 67.1155 0.106036 0.01187
17 7 709826  0.112958 0.0102
17 8 711014  0.0997 0.00844
17 9 742932 0.106116 0.00498
17 10 765634  0.107109 0.0043
17 11 80.2467 00114159 0.00328
17 12 0 0 0
17 13 0 0 0
17 14 0 0 0
17 15 0 0 0
21 1 35.6087 0.118874 0.8169
21 2 42,9284 0.104448 0.6282
21 3 51.6091 0.106709 0.09954
21 4 50.6202 0.108802 0.01004
21 5 64.0317 0.107957 0.01519
21 6 66.9097 0.10484 0.01394
21 7 702666  0.107929 0.01664
21 8 717338 0.102196 0.01172
21 9 752727 0.1112 0.0042
21 10 76.7847 0.107923 0.00334
21 11 79.5333 0.109177 0.0076
21 12 0 0 0
21 13 0 0 0
21 14 0 0 0
21 15 0 0 0
26 1 94.161 0346415 0.4687
26 2 28.8099 0.0448 0.8466
26 3 55.6297 0.107713 0.09751
26 4 409908 0.025 0.14443
26 5 63.7703 0.103867 0.08847
26 6 56.7514 0.0615 0.02578
26 7 647022 00792 0.02344
26 8 979576 0.22901 0.01238
2% 9 66.7865 0.0708 0.00421
26 10 727685 0.087492 0.00633
26 1 74.6368 0.0865 0.00621
26 12 0 0 0
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TABLE II-continued TABLE II-continued
APPENDIX A APPENDIX A

SOUND Y 5 sounp Y

PASCH FREQ SLOPE  INTERCEPT PASCI FREQ SLOPE  INTERCEPT

VALUE BAND#  (m) () AMPLITUDE VALUE BAND# (m) ®) AMPLITUDE
26 13 0 0 0 % u 79.5101 0.110944 0.00961
26 14 0 0 0 %0 12 0 0 0
2 15 0 0 0 10 % 13 0 0 0
29 1 37.5589 0.13441 0.7303 % 14 0 0 0
29 2 20.1422 0.0426 0.6409 %0 15 0 0 0
2 3 55.5325 0.11215 0.1421 o4 1 33.01 0.10304 0.9353
29 4 56.7644 0.095904 0.18553 9% 19.5992 0.0222 0.6894
29 5 62.0948 0.103664 0.04658 %4 3 54.2337 0.102615 0.14631
29 6 66.5342 0.104791 0.01132 15 o4 4 58.7361 0.106557 0.12756
29 7 68.3164 0.0982 0.0095 %4 5 62.8017 0.106312 0.02257
2 8 719616 0.104908 0.01173 o4 6 69.182 0.120343 0.02135
29 9 73.2931 0.100259 0.00455 % 7 70.1864 0.108033 0.00881
29 10 75.6625 0.102199 0.00503 94 8 71.856 0.105312 0.00561
2 1 774381 0.0989 0.00525 o4 9 75.8229 0.114387 0.00194
29 12 0 0 0 20 % 10 76.1835 0.10575 0.00151
29 13 0 0 0 94 1 79.8682 0.110951 0.00182
29 14 0 0 0 %4 12 0 0 0
29 15 0 0 0 94 13 0 0 0
31 1 24.0535 0.065356 0.59022 o4 14 0 0 0
31 2 463754 0.123127 0.06093 o4 15 0 0 0
31 3 509352 0.091369 0.04107 58 1 30,5155 0.104315 0.5317
31 4 568214 0.0948 0.02801 25 58 2 41,1473 0.098 0.0945
31 5 60.8415 0.089737 0.0319 58 3 52.6775 0.101027 0.05875
31 6 63.9034 0.0906 0.02579 58 4 57.3355 0.0976 0.04413
31 7 66.7104 0.0894 0.01022 . 58 5 61.881 0.0968 0.03921
31 8 69.1107 0.0879 0.00956 55 6 65.1193 0.0969 0.03265
31 9 719378 0.094015 0.00827 58 7 68.0574 0.0971 0.02773
31 10 73.6224 0.0913 0.00389 30 58 8 69.5643 0.092299 0.02008
31 11 77.2013 0.0941 0.00562 58 9 727544 0.0979 0.01637
31 12 0 0 0 58 10 74.551 0.096685 0.01433
31 13 0 0 0 58 u 77.332 0.098928 0.01997
31 14 0 0 0 58 12 79.5717 0.095003 0.01385
31 15 0 0 0 58 13 82.1972 0.0959 0.01263
33 1 36.1683 0.136196 0.6386 35 58 14 84515 0.0962 0.01425
33 2 407677 0.0997 0.08579 58 15 86.3601 0.0958 0.01486
33 3 51.0809 0.0938 0.01947 60 1 29,8209 0.097751 0.5843
33 4 57.2837 0.0961 0.02064 60 45.0992 0.117747 0.08934
33 5 61365 0.0925 002314 60 3 54.3205 0.10593 0.08591
33 6 64.1689 0.0924 0.01728 60 4 58.4529 0.10563 0.05837
33 7 674613 0.0944 000754 0 60 5 64.9092 0.112361 0.04366
33 8 66918 0.0806 0.00404 60 6 66.8778 0.107116 0.0514
33 9 72.5547 0.0951 0.00525 60 7 71.3666 0.115105 0.03134
33 10 743771 0.095119 0.00264 60 8 724539 0.107843 0.02406
33 1 77.5436 0.0966 0.003 60 9 74.8978 0.10941 0.01706
33 12 0 0 0 60 10 77.1449 0.110471 0.01527
33 13 0 0 0 60 1 79.5827 0.110523 0.02061
33 14 0 0 0 45 60 12 82.3536 0.110665 0.01226
33 15 0 0 0 60 13 84.722 0.108912 0.01252
36 1 25.128 0.0677 0.6428 60 14 86.9515 0.109566 0.01057
36 2 429834 0.110396 0.11144 60 15 88.7968 0.10925 0.01331
36 3 50.5331 0.0918 0.04302 62 1 303312 0.109582 0.566
36 4 57.1574 0.0935 0.0187 62 2 39,1704 0.0809 0.05756
36 5 60.3679 0.0872 0.03721 50 62 3 55.2685 0.113607 0.04723
36 6 64.1232 0.0916 0.03611 62 4 58.3998 0.105309 0.02906
36 7 67.7702 0.0953 0.01658 62 5 65.0247 0.113936 0.02563
36 8 69.967 0.0934 0.013 62 6 66.6728 0.105247 0.02394
36 9 71.8082 0.0916 0.00673 62 7 70.1915 0.108396 0.0195
36 10 74.66 0.0975 000614 62 8 72.2755 0.106131 0.02091
36 1 77.0475 0.0955 0.0072 55 62 9 74.8135 0.10855 0.03041
36 12 0 0 0 62 10 76.3984 0.106234 0.03623
36 13 0 0 0 62 1 78.4797 0.103104 0.08269
36 14 0 0 0 62 12 81.142 0.104107 0.05008
36 15 0 0 62 13 84.3696 0.107884 0.03896
% 1 34550 0.117681 0.8455 62 14 85.96 0.10425 0.03301
% 2 457616 0.123735 0.6897 60 62 15 88.0833 0.15053 0.02503
% 3 525577 0.110983 0.04924 66 1 24.9269 0.0789 0.6188
%0 4 60.4452 0.116582 0.0076 66 2 48.3858 0.135315 0.06155
%0 5 65.0779 0.113763 0.00872 66 3 54.5496 0.109284 0.02282
% 6 669828 0.107816 0.0152 66 4 58.3009 0.100643 0.07583
% 7 702725 0.108867 001178 66 5 64.9467 0.11328 0.1037
%0 8 72,0092 0.106249 0.01369 66 6 66.4737 0.103452 0.1555
0 9 75.4537 0.113103 0.00705 65 66 7 69.2804 0.104905 0.1263
% 10 76.8398 0.110225 0.00562 66 8 71.5304 0.103333 0.0981
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TABLE II-continued TABLE II-continued
APPENDIX A RELATIVE-AMPLITUDE STANDARDS
SOUND Y- 5 RELATIVE
PASCI FREQ SLOPE  INTER PHONEME PASCH AMPLITUDE
VALUE BAND#  (m) ®) AMPLITUDE SOUND VALUE STANDARD
66 9 73733 0.103675 0.0839 i 3 75
66 10 76.5636 0.108794 0.06358 w 85 75
66 1 78.8226 0.107965 00813 10 ee 1 75
66 12 81.1678 0.10551 0.03163 H ) 75
66 13 84.3501 0.108437 0.01738 y 82 75
66 14 86.1132 0.106013 001169 ! %0 75
66 15 87.6284 0.103334 0.00849 sh 65 65
ng 36 65
15 ch 116 55
m 31 55
n 33 50
TABLE I si 66 50
j 115 50
——RELATIVE-AMPLITUDE STANDARDS ___ t 41 40
g 48 40
RELATIVE 20 k 47 40
PHONEME PASCII AMPLITUDE —h 60 40
SOUND VALUE STANDARD 2 6 40
ah 23 95 e a »
uh 22 95 d o 30
ah 24 95 25 v 58 30
a 9 85 » 39 25
u 19 85 £ 57 25
er 29 85 th 59 20
e 7 75
A 5 75
o0 1 75 0
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APPENDIX B

. -~ depmain.c --
* Copyright Synergetics 1593, 1994

* MWrittem by R. Brian Moncur

.

* Warniag Confidential Material

* property of Synergstics

* Copyright 1983, 1384 All Rights Reserved

#ifdet  _ cplusplus
extern *c* {
#endis

#unéef CRT

#include <windows.h>
#include <windowex.k>
#include ceusystem.h»
#include *dsp.b*
#include "dspeng.h®
#include "evaltd.h”
#include "higlist.h”®
#include *bach.h®
#include *fedaratn.h®
#include *_fedarat.h*
#include "dsp-cpu.R®
#include *srangine.r*

¥#include “pascii.h”
#includa "gander.b*
#include cmrras.bs>
#include <ctyps.h>

/% 10240 + & * 256 */
¥define VBDATASIZE

atzuct COMMANDLINE cloy Iad
axt.rn doublm AuditoryRange [NUM_AUDITORY] ;

/* Globals /

static MCI_NAVE_OPEN PARMS
atatic MCX_RECORD_PARMS
static MCI_NAVE_SET_FARMS
DYORD

D bwndred)

OINT | uDgMags
HINSTANCE bXast)

WavaParas,

int *vb_data = NULL. ad
SoundRumber,
PexsocNuaber,
TotalMiczobes = 0O,
Ricrcbex = 0,
necalls « O

char aril -

(SEGSIZE * 10}

compand lins opticns

RecordParms;

SetParms,
neiRrrar;

Voiced data ¢/

vave,

SZROOLDLT (MAXPATE) ;

rILE *£pRD;
inkt Portlny

ARF_OPTS AppOpts«{SRC_KICHROPHONE, DEST_PORT, NULL, NULL, /*COMie/1};

/* Local Prototypes o/
void ProcessWavaelFile(char *NaveFils):
void GiveFileToXlrondichar *SoundrfilePath}s

£/ s tutt
ateo:t DSPRIGGINS {

- Page 69 -
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char type; /* Whether it's Voiced, Unvoiced or
Quiet */
int locy /* array location of where period starts
-/
iac size; /* period size ¢/
int durstion; /* 13 milliseconds v/
int Lsy /* averzge amplitude v/
int 1, /* avarage difference of amplitudes +/
int Fo, /* Pundamental frequency */
int LLreq (MAXFORMANTS] 4 /* Yorwant Frequencies +/
int ampl (NAXFORMANTS] /* amplitude of formant's =/
int x6x) /* Zerc Crossing Rate */
)2
HWND hCPUMad,
lomg FAX PASCAL MaiskadProc(NWND bNod, UINT msg, WPARAX wParan, LPARAM 1Param);
ROOL InitApplication(BANDLE hInstascs);
BOOL Init: [ef b 1ot '
void Setup{)
if ( {vb_data = (int *)malloc{VADATABIZE®sizeoflint))} me NULL } {
fpriakf (stderr. “Out of mmmory while trying to mallac vo_date\a®) ;
exie(a),
3
}
va1d Cleanup()
{
i (vb_data} {
fraei{vb_datal,
vh_data = WULL,
}
}
/
FUNCTION: WinKais (MANDLE, EANDLE, LPSTR, int)
PURPOSE: calla initialization function, processes message laop
/
iot PASCAL Win¥ain (BAMDLE EANDLY LPSTR lpCodline,
int nCmdShow}
{
M8G mg:
if (1hPravInstance)
if (Iinitapplication(hInstance}}
ratura {FALSE))
if {tInit (hinst )
Teturn (FALSK},
vhile (GetXesmage(imsg, NULL, NULL, WULL)) {
TrapslataMassage l&mag) 5
Dispatchessage (Amsg);
}
raturn (msg.wParsm);
} #/ x¥D OF WinKain{)
/
TUNCTION: InitApplication (XANDLE)
PURFOSE: Initializes window dats and registers window class
7
BOOL InitApplication (EANDLE hInstance)
{
WDCLASS  we;
wC.1pszClagsNane = -
wc.style = CS NREDRAW | CS_VREDRAN,
e -

- Page 70 - Dacket No.
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we.chClaRetra = 0;

we.ch¥odExtra - 0;

wc.hInstance = hlnstance;

we.hIcon = Laadlcon {NULL, IDY_APPLICATION))
we.hCursor » LoadCursor {WULL, IDC_ARROW),;

we - {WBITX_BRUSE) )
. - {MRRU 1},
raturn (RegisterClass{iwe)};
} // D OF Initapplication(}
Init t int)

PURPOSE: Baves insteuce haandle and crestes main vindaw

BOOL InitInstance (XANDLE hInstance, int nCmdShow)
{
HMND hMnd

hInat = hInstauce;

h¥od = Cri

Window (*DSPMainCla
o . o . on T T, CW_1 ,

HWULL, NULL, hinstance, NULL);

+ ®DSP Main®, WE_OVIRLAPPEDWINDOW,

if (1hMnd)
Teturn {FALSE};

ShowWindow(hwnd, SW_SKOW],
TpdateaWindow (hind)
retuzn (TROR),

} // ©D oF InitInstance()

FUNCTION: XeinWadProc!BANDLE. int)
PURPOSE: S inatance handle sad creates main window

7
long FAR PASCAL XalnWodProc (NWND hWnd, DINT msg. WPARAM wBaram, LPARAM 1raran}
{

static HCURSOR hSavCur)

switch (mag)

{

case WK_CREATE:
M bMenu;

nmdPed = hWod;

4ifdef FRONPILE

9_fpPhonemerile ~ (PILE *)NULL;

#andir

InitAppOptsi) s

Ou i~ Started\n");

LoadCuraor (NULL, IDC_ARROW)

LoadCurzor (NULL, IDC_WAIT)j

hNens « GetXenu(bWod),

CheckMenulten {hMenu,

IDM_: » ID-SRC_)
WF_CRECKXD) ;

ChecxXenultem (hMany,
IDK_DWAVEFILE+ADpODEs.DestID-DEST_WAVEFILE,
F_CHECKED) ;

uDSPMsg = - £y Iy

HCPUWDA = (HWND)NULL;

LMD = ZindWiadow!*CPURainClass®, NWULL);

1£(hCPUMDS wm (MWND)NDLL}
WinKxec("cpu.exe*, SH_SROM);

hCPUWad = PindWindow("CPUNAinClass®, NULL),

Teturn §;

- Page 71 -
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} // B or wM_ceeare
caye WM_DESTROY:

(
HANDLE hTexpl, bTewpa;
SaveAppopta ()
hTempl = (EANDLE)NULL;
hTenp2 = (NANDLE)NULL)
hTewpl « GlobalPtrXandla((LPVOID) AppOpta.ssNaverile),
bTump2 = Glcbll'ltﬁndlt((n!\lolb)mﬁptl. IPhoneezile},
hTaapl @ Globalfres(hTempl)
kTempl = GlcbalFreeibTempz);
Bei®rror Icilﬂdcmdlkv-l’lm.mviculb. KSI_STOR,
MCI_WAIT, (DNORD) &WaveParas);
- . wDevicelD,
MCI_CLOSE, XCX_WAIT, (DWORD) GNaveParms) ;
PostHassage (hCPUMRA, WM_CLOSK, O, QL)s
PostQuitiessage(0) s
return 0,
)
Cage NM_COMMAND:
{
awitch{vPeram)

case IDM_XXTT:
{
BestroyWindow (hind) ,
ratura 0,
} // oo or 10K ExIT
case IDM START:
{
if (wParamesIDK ETART) {
TInitSound (),
}
// bagins recording, then displays the RECORDING
dialog dox
// to allow STOP to be Pressad
/f intentiecnally falls through to IDX_SroR
CutputDabugString [*Recording ,,.\nb};
if {AppOpts.sourceId <u SRC_XICEROPXONE)
{
aciBrrox =
AcidendCommand (WavePares . WDeviceID,
NCI_RECORD, %CI_NOTIFY |
¥CI_TO | MCI_rroM |
MCI_RECORD_OVERWRITE, (DNORD)
&XecordParms)
DialogRoxParem(hInet,
MAREINTRESOURCE (IDD_DIATOGL),
h¥ud, (DLGFROC)RecordDigProc,
(LRPARAM)

vDeviceID, 01);

}

casa IDK_STOP:

{
RANDLE hTeop;
LFVOID 1pTeap;

TermsSound{)

{*Done \n%) 1
SetCursor (LoadCursor (NULL, IDC_WALT) ) ;
1f (AppOpta.sourceID <= SRC_MAVEFILX)
{

if (AppOpts .DestiD ma DEST_PEONEMEFILE}

#ifdef rROMYILE

g_fpPhonenerila =
fopen (AppOpts . s3Phonemerile, *wet=);
#anaif
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to Xlroud\n"),

“1AppOpts. szHaverilel;

#ifdet PROMFILX

#andif

128),

{LPSTRI AppOpt=. szPhonenerila) ]

DSP_CPU_MSG_PRONEMEPILK, {LPARAM} 1pTenp) )

}

i€ (AppOpts.DestID » DEST_WAVEFILE)
OutputDebugString (*Giving file
GiverileTeRlrond({char

}

12 {AppOpts,DastID =a DEST_PEONIMEPILK)

fcloze{y fpPhonmmeFile),
§_fpPhonemaPile = NULL;

alse

hTeop = (EANDLR)NULL,
hTemp = GlobalAlloc(GPTR | CNEM_Smige,

1pTexp = (LPVOID)Qloballock (hNTemp),
1strcpy(lpTesy,

(hCEUWada

1pTemp = {LFVOID)G1chalUnlock (hTeap)
bTenp = GlobalFrae(hTemp);
3
OutputDabugString{*Cloxing process\z*);
hSavCur » SetCursex (hSavCur) s
Teatura 0y
// oD oF IDK_STOP

case IDM_OPTIONS:

{

hIngt);

DSP_CPU_MSG_INITOPTS, OL);

}

FARPROC  pOptiomaDlgProc)

Prac e MakePre {optd 1

DialogBox (AInst, MAKEINTRRSOURCE (IDD_OPTIONS),
B¥od, pOptionsdDlgProc) ;
Instance 1gProc) s
3aveAppOpts ()
SendNezsage (kCFUMOd, uDSPMzg,

return 0;

case IDK_SKICROPHONR:

e IDK_SWAVEFILE:

case IDX_SPHONEMZFILE:

{

EMRXNT hManuy

hMeau = GetMenu(hwnd),
ChsckMenuXten (hiega,

Appopta IDK C.

wharan- IDK_SMICROFEONE+SRC_NICHROPHEONT,

}

NF_UNCERCKED) ;
CheckMenultes (hMenu, wParam, WF_CHECKIT)
AppOpts . sourcelID =

Taturn 0

caze IDM DMAVEFILX:
casa IDM_DPNOWKMEFILE:

- Page

XDX_DECRERN ¢
ID®_DIO:

EMENT likenu,
bMezu » GetMenu(bh¥nd};

ChackManultea [hdanu,
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AppOpts .DastIDs: IDX_DWAVEFILE-DEST_WAVEPILE,

NF_UNCRECXED} ;

X
AppOpts .DestID =
wPAXAm- IDK_DWAVEFILE+DRST_WAVESILE;
raturn 0
}

default:

+ wParam, K¥_(

return (DafWindowProc(bMod, axg, wParam, 1Paran)|;

} //switch wPazaa
} /7 eaee wx_coonxn
dnfault:

return{DetNindowProc({bWnd, meg, wParam, lPavam));

} /7 B oF switch(aag)

FUNCTION: InitAppOpta
PORPOSE: Initialize the applications opticns.

/
vold InttAppopus{void)
HARDLE hTempl, bTeup2;
hTempl = (HANDLE)NULL,
bTempd = [HANDLE)NULL,
bYempl = GlobslAlloc{GPTR, kD),
hYeap2 « GlobalAlloc{GPTR, 80},
Applipts.axWaverile - {char “)Globallock (hTeapl) ;
AppOpts.axPhonemePile = (char *)Globallock {hTewps) s
Appopts 1D w lemat { , .
SRC_MICHROPEONE, "dsp-cpu.ini®),
ApPPOpts.Destil = i lelnt ( + "DestID®,
DEST_PORT, “dsp-cpu.ini®);
GetPrivateProtilmstring(*Settinga®, *szMaverile, "record.wav,
(LPSTR)AppOpts.exWava¥ile, 30, "dsp-cpu.ini®);
{ g 1e®, "words",
(LPSTR) AppOpts . s2PhonemeFile, B0, “dsp-cpu.inic),
AppOpts.Poxt = lelnt (*Sebtd ¢ "Port¥, 1/*comiv/,
"dep-cpu.ini®);
} /¢ =D o Imitappopts i}
/
FUNCTION: SaveAppOpts
PURPOSE: Save the applications options.
/

void SaveAppOpts (void)
{
char intRufs{171,

WritePrivateProfilaString {*Settings*, =sourceID",

itoa (AppOpts.sourceIn, intutf, 10, *dwp-cpu.iui=);

wei g ¢ $8%, *DestIn*,
itoa(AppOpts.DestID, intBuff, 10}, *dsp-cpu.ipi®
wri i 1 4 [ » le=,
1LPBTR) AppOpts . .szWaveFile, *dap-cpu. ini®),
Wziterrd leString (" ,o» le*,
(LPSTR) AppOpte.ezPhonanarile, *dsp-cpu,init},
wrd teProfilesStri (~ » "Porte,

itoa (AppOpts.Poxt, intkuff, 10), “dsprcpu.inis);
} #7 oD or Saveappopts()

1

/
FUNCTION: OptiomsDPlgProc

PURROSE: Set opticns thase Opticna could have already been ratreived
from the *.ini file. set by Che command line, mnd/or altersd by this

dialog.

B00L CALLRACK OptionsDlgProc(3WND bwndDlg, UINT mag. WPARAM wParam,

{
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int nCount,

switch (mpg) {
case Wa_IN:

[LFSTR)AppOpta. szPhonenerila)

23]

ITDIALOG:

SetbDlgItanText (hvaddlg, IDC_WAVEFILX, (LPSTR)AppOpts. s2Mavarile),
SetDlgIteaText (hwndDlg, IDC_PHONEMRFILE,

SendDlgTtemMussage (hwndblg, IOC_PFORT, CB_RRSETCONTENT. 0, 0)
for (nCount=1;aCountcad;nCountss)

{

char szCooniane(§);
wvaprint?{szCopmiame, *CONYd", nCount) 1
SsndDlgIterMessage {hvadblg, IDC_PORT. CB_ADDSTRING, O,
(LPARAX) szComuNnma);

}

SandD1gTtumMe

Teturn TRUX;

case Yt_COWMAND ¢

switch (wParam) {

cass IDOK: {
/ save off opticus haxe */
CetD1gItenText (hwndDly, IDC_WAVEYILE,

{LPSTR) AppOptS . s2Wavarile, 40);

I0C_PORT,

default:

}

bresk;

xeturn FALSE;

} /# mD OF Optiousplghroc()

ge {hwvndDig, I0C_PORT, CB_SETCUKSKL, AppOpts.Port-1,

GetDlgItemText {hwnanig, I0C_PEONEMEFILE,

(LPSTR) AppOpts . exPhonemarile, §0);

APpopta.Port s (int)SendDlgXteskessage (hwudnlg,

CB_UKTCURSEL, 0, 0) + 1,

/ There is no break/Teturn bere on purposs +/
case IDCANCEL:
BadDialogibwadbly, wraram))

FUNCTION,;

IaitSouna

PURPOSK: Initialixe the Sound stuff is needed

int /+0X*/ ImitSound(veid)

{

1”7

int RetValel;
char Buf2 (2551

if (AppOpts.sourceID <~ SRC_KICHROPEONX) {
Printi{*\nremove returmed Ad.*, Temove (AppOpte, szWaverily} ) ;

// Initixlize all the wex stxuctures,
/7 and set it €0 44100 samples/sec,

opsn the WAVE_AUDIO device
16 bits/sample, sterac

Demset (aWaveParms, 0, sizeof (MCI_MAVE ORRN_PARKS)),
Banget(cRacordPerma, U, sizeof (NCI_RECORD_PARNS)) ;
memsat (kSetFarma, 0, sizeof (MCI_SET_PARMS) )
RecordPaxms.dwCallhiack = {DMORD) hwndrea,
RecordParms.dwlo » 60000L;
RecordParms.dwFfrom = 0,
SstParus.dwCsllback » (DWORD)hwndred;
Setraras.dwAudia = MCI_SET_AUSIO_ALL
SetParms.nChannels = 1;
SetParms.nSaaplesPersisc = (DWORD) 44100L;
SetPerms.whitsPerSampla = 16;
SatParns.wFormatTag = WAVE_FORMAT PCN;
WaveParms .dwCallback = {DWORD) hwndTed,
Waveraras.wpevicelID = WAVE_MAPPER)
MavePaArms.lpStTIlementNana « %%,
Naverarus.dvBufferSeconds = 30:

Ypa -
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Deikrror = aciSendCommand(0, MCI_OPEN,
XCI_OPEN_ILEMRNT | MCI_OPEN_TYPX,
{DMORD) SMaveParms);

mciGetXrrarString (mciRrroxr, Bufe, 255},

i = mcd t «wDavieeID, MCI_SET,
MCI_WAVE_SET_BITSPZRSAMELY | MCT_WAVE sxt_cramns 1
NCI_NAVE_SET_SANPLRSPIRSEC | MCI_WAVE_SIT_FORMATTAG,
(DNORD) &SetParma

};
BciGetXrrorstring (mcikrrox, mure, 2355,
}

Teturn Ratval;

} 7/ ®¥D OF InitSound()

I

TUNCTION: TermSound
PURPOSX: Undo InitSound.

void TermSound(void) {
UCI_SAVE_PARMS SaveParmi;

char

/7

/"

Buff1255);

17 (o <= SRC_;
/7 Wow that I'm using tha RECORDDNG dialog bax to gat the sTOP
// nessage, this option means Rothing from the meay
Beikrror w meiSendCommand (
WaveParms .wDeviceid, MCI_STOP,
MCI_WAIT, (DNORD) 4WaveParmw
LR
// savas recorded sound to “RECORD, WAV*
// thiy should bs made varishie
SaveParas.lpfilename = (char *)AppOpt,
EELRITOr = mciSendCommand {
YaveParas.uDevicelD, MCI_SAVE, MCI_WAIT | MCI_SAVE_frLy,
{DNORD} &Saverarns

aWavarile,

1K)
RacordParms.dwFrom - 0,
/7 Plays pack what wax Tecordad
if (AppOPts.DestID <= DEST WAVEPILE) {
®meifxror = mciSendCommand (
WeveParmz.wDeviceID, MCI_PLAY, ECI_MAIT | MCI_PRO,
(DNORD) &RacordParms
)z

// Close and reopen WAV_AUDIO dwvice to flush ogt
/7 wbat we just saved
BeiRrTer « meiSendCowmand (
WaveParmg,whavicalD,
MCI_CLOSE, MCI_WAIT, (NWORD) kMaveParss
)
»cikrror « aciSendCommand(
0, MCI_oemN,
MCI_OPEN RLmameT | uCI_oven_TyPE,
{DNORD) &NaveFarms
11
mciGatErrorstring (meikrror, Bufg, 235),
WavePazas.lpstrilementName = *%,
mcd¥rror » mciSendComaand(
WavaParms.wDaviceID, ¥Cr_sEr,
MCI MAVE_SET_BITSPERSMLE | MCI_WAVE_SET_CHAXNELS |
KCI_WAVE SET_SAMPLESPRRSRC | KCI_WAVE_SET_PORKATTAG, (DNORD) &SetParms
LH]
mciGat¥rroxString (ecikrror, Buff, 255),
/7 Close mad reopmn MAV_AUDIO device to flush out
// wbat we just saved
Beilrror = mciSendCommand
WaveParss wDaviceIn,
MCI_CLOSE, MCI_WAIT, (DWORD) &MaveParms
1
aciGetxrrorstring incikrror, Bute, 255);
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}
} // XD OF TermScund()

/

FONCTION: RecordDlgProc {RANDLE, MIG, WPARAM, LPARAK)

BURPOSE: proceswes Recording dialog box to allow STOP

/

BOOL FAR PASCAL __ export RecosdD1gProc (XMWD Awnd, UINT message, UINT wharsm, LOKG 1Param) {
=tatic wINT uTimer;
static WORD wCounter = 0;
<char #2Bufferiis];

svitch (weasags) {
case Wi_TNITDIALOG:
/f zezet counter
wCounter = 0,
/1 set & 1710 second timer
uTimer » SatTimer (AWad, 18, 100, WULL),
return TRUX;

case MN_TIMRR:
// avery 1/10th second, update the counter oa scraan
itoa(+swCounter, szduffer, 10),
SetDlgItemText (h¥nd, IDC_COUNT, szBuffar);

return TRUE,

Chze Wf_COMMAND :
TadPialog(hMnd, wParam);
dafaule:
Teturn FALSE;
}

} 7/ ©D or Recordblgeroc()

/
" FProcessWaveFile - Do Sound recognition on & given wave £ile,
/
void
ProcessWavaPile(char “Maverila)
(
struct BIGGINS *pAiggine;
ing MaxAmpl;
int numpts;
PILR *fptr;
int acCount;
struct BIGGINS . *thisNiggins,
stryct EIGGINS “PSRERLiSt = {struct BIGGINS +)0;
LPVOID lpTaisPtr, lpBigBuse;
HARDLE DRigRuLs;

it {(fptr = fopen( WaveFila,*rb*}) we NULL)

{
printZ{*<%d> Couldn't open Nave File xs\n~,
(nt) fpkr, Waverile);
Teturn;
}
#1fdaf CRT
if ( clo.debug )
pristf( “Reading file %0\n®, Waverile };
#endig
#ifdef CRT

if { clo.sound )
Playfila( Waverile },

printf( "\n\nTasting Person x4 -- Sex: %c kge: ¥4 -~ Sound ind] xs: =,

Pearzonkuzber,
subjact (ParscoNumbaer] aex,
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subjact [FersonNumber] «age,

SoundNuxber,

{Soundunber < 128 7 pascii[Soundfusber] :
*Uaknowz®) ) ;
fendse

Microbes = ncalls « 0;
read header (fptr) s

/* Seak to the astart of the walactad wound data */
famsk (fptT, {clo,frameloc « sizeof (int}), SEEK_sxT),

/* Initialize the DSP stufr *;
if (dspInitialize()) {

Tatura,
}
/" Initialize the Sound Recoguition Engina +/
Vs if {aTelnitielire( LookAtRiggina )) {
/" ratura;
vz 3}

Sendianuaga(hCPUWDA, uDSPMsg, DSP_CPU_WSG_BEGINFILE, QL};

/* Read 10240 into buffer +/
while ( laumpts = resd_wavifptz, pRawData)) ie 0 } {

/* Send the raw dets off to tbe routine which mimicks the DSP */
#ifdef SARDMARE

d ¢ oril 1y
Jelna
€ . prAl zuspts )
#endir
/* Convert from DgP higging list to 68030 biggins list. Things
are contained in the globals: PDSPEL{st and depMaxingl. ./
. : PRiggine = poSFAList;
BaxAepl » depMaxiupl;
/* Send the Higgins structure and the MaxAmpl calculatwd on the DSp
to the 63030, </
//sxeProcessiggins{ pMiggine, Maximpl )y
SandMessuge(RCPDNDA, uDSPMeg, DSP_CPU_MSG_MAXAMPL, (LPARAN) MARKL.PARAN {0,
dspiaxiapl))
hBigRuf? » (HANDLE)NULL,
BBigbuf! = GlabalAlloc(GPTR | GMEN_SHARE, xizeof(wtruct BIGGINS! *Numbar(:
1pBigAuts = {LPVOID) Globallock {hnBighuss) ;
1pThisPtr = 1pBighuff,
thisHiggins = pDIPELAat;
// run this routige in Place PMI/Evaluste/Troi in DSPMAIN
/7 for(nCount = 1, nCount <= RuxberQfNodes; nCouat++)
while (thisHiggina->next 1= NULL)
{
memcpy (1pThisktr, thisHiggins, size0t (struct HIGGINS));
thd = thi 3
{{struct HIGGINS *)1pThimPtr)+e,
3
Sendiassage (hCPOWURG, uDSPNeg, DSP_CPD_MSG_MENLIST, (LPARAX) LpBigButsf};
IpRigBufs = (LPVOID)GlobalUniock(hBigRufe]
= Globalrree( Ya
} /4 xad of Wnile! read_wav} </
Sanddessage (hCPUNNA, uhSPMsg, DSP_CPU_NSG_KMmOFFILE, (LPARAM) NULL) ;
1t sraCleantp(),

daspCleantp ()
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/

* ProcessMaveXile - Do Sound rscognition on a given wave file.

7
void
ProcessWavaFilaichar *WavePile)
(
iot
numpts, firstTime;
iot
nCount;
int
dapaximpl;
FILE
*IptT)
struct EIGGINS “thiafiggins;
atruct EIGGINS “PSREHLift » (satruct HIGGINS +)0;
LEVOID 1pThisptr,
1pBigBuss,
EANDLE hNigBuff,
if ((fptr = fopen(WaveFila,*rb*)) == NOLL)
{
printf (*<%d> Counldn't open Nave Fils %s\n°, {int) fptz, Wavarile);
return;
}
Ricxobss = ncalls « O;
read_hesder(fptr);
/* Create the RIGGINS doublaly linked list; wa‘ll reuse ik for
wach chusk of datas in .~/
ir i » &pSRRMLixt) 1a ALL _OK}
{
Teturn; /* Couldn't creats tha list. =/
}
(hCPmema DSP_CPU_MSU_BRGINFILK, OL)j
firstTine = 1,
while((nuspta = read wav{fptr, vb_data)) (= 0)
/7 ¥rame dats
neallses)
// Celculate Le, L4, zcr and the node type (Voiced, Uzvoiced,
// Guiak) for every node inm the 1ist und set the node location
// and aize.
ClearNigginalist (pSRXELisL)
dspiaximpl = 0;
RvalTimeDomain(vb_data. oumpts, pSREELigt, SdspMaxAzpl) ;
Sendienxage (hCPUNnA, uDSPMEg, DSP_CPU_MSG_MAXAMPL, (LPARAM)MAKKLPARAX(OQ,
dspMaxingl) )
firstTine » 0,
// Run the Bach sxnalysis on the voice data
#1fndef CHEAT
Decompose (/*vb_data, pSREEList,*/ nuxpts);
#andit

bBigBuff = (BANDLR)NOLL)

TBigBuff = Globalilloc{GPTR | G¥EM_SHARE, sizeof (struct HIGGINS) *HomberOfNodes! ;

lpBigBuff = (LPVOID)Globallock (hBigBuff),

1pThisPtr = 1pBigBuff,

thisEigging = pIREMLiat;

// Tun this routine in place IKI/Evaluate/Troi in DSPMAIN
for(nCaunt = 1y nCouat <w= MmberofNodes; nCountis)

{
2emcpy (IpThisPtr, thisHigging, sizeof [struct HIGGINS) ),
thiawi = thi :
(istroct HIGGINS #)1lpThisPtz)+e,

}

SexdNassage (hCPOWDA, uDSPMsg, DSP_CPU_MSG_NEWLIST, (LPARAN)1pRigBuf?);
1pBigButf? = (LPVOID)QlobalUnlock {hBigButf); .

BBigBuff = Global¥rew{hBigBuff),

// XHD OF Whila(read_vav)

- Page 79 - Docket No.

.1 13217.2



WORKMAN, NYDEGGER & SEELEY
A PROFESSIONAL CORPORATION

ATTORNEYS AT LAW
1000 EAGLE GATE TOWER
60 EAST SOUTH TEMPLR

SALTLAKE CITY, UTAH 84111

20

21

22

24

25

26

57

#endit

SendNessage (hCPUWnd, UDSPMsy, DSP_CPU_NSG_ENDOFFILE,

5,640,490

PSRRELISE = (struct HIGGINS *)ay
} /¢ DD OF ProcessHaverila

veid GivePileToKlrand{char *SoundPilePath)

#ifdes

#endis

Setup(};

ProcesaWaverile(Socundrilebath),

Cleanup():

—Splusplue
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/+C_HEADER_FILE

rIie : avaltd.c

DESC s Evaluate the time demain data
TARS t 4

omexx : Brent Hale

PATE CREATKD) S Oct 1934
Copyright Synergetics 1993, 1394
Warning Confidential Haterial
Propasty of Synergetics

Copyright 1933, 1994 All Rightz Reserved

SYRQRSIS: This coda will bs on the DEP.
*XND_] R /

#include “synergy.h®
#includa *asp.h=
#include “evaltd.
#include “lstagrw.h®
#include =dpfilker, b=
#include “arrors.h*
#include =bach.h*

#ifdet RARDWARE
/* Make the routine ZvalTimeDosain ctllable from assembly. »/

void Eval {}_asm(*ava; i),

#endir

/* FISItVBuffer is a buffer wa use when wa call TaItVoiced(). we allocate
it once in the init routine o that wa don't have t5 call mallec more then
once. */

static int *PISItVRuffer = (int *)0;

onvan

/*FUNCTION HEADER*=»assases

RAME : InitTimaDomain

DESC: Initialize memory needs for the Evaluation of Tima Domain Dats.
IN: acue

oo none

RETURN:  ALL OF on success
QutDfMemory if can‘t gat the Denary.

NOTXS: By allocating the memory once, we can save & little bit of time.

“END_NEADRR /

int InitTimeDomain{ void }

it {IPlaIevBuffer « (izt “)malloc(10240 * xizeof(int))) = (int *)0) {
lar( Y. “In Int by
return OutOfMemcry;

¥
ratum ALL_OX)
}-
/A FORCTION_EEADER % 40ssttnanvornrnrons
HAME:
DESC:
™
ouT:
RETURN ;
NOTES:
*END_ERADER ’
void CleanUpTimeDomain{ void )
{
it (pIsXtVBuffaer) {
fras [RISILVBuffer),
}
3
8ifdef MADE_IT_INLINE
/ .
FANK : NumbarZeroCrossings
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DESCy Teturn the nusber of times the data crosses zero. Could
be used for waves or windows.

IN:

ooTs

RETORN :

NOTRS,

*txp /

static int NumbarZeroCromsings{iat *deta, int n)
{

izt 4,

izt ncrossingse0;

for ( del; d<my 44}

62

crossing from - to + </

crossing from + to - =/

1€ ( (dute(i] > 0) && A
(datafi-1] <= 0] }
nerossingsess
elose if ¢ {datafd) <= 0) &g /.
{datali-1] >= 0) )
acrossings++;
3}
Teturn merossings;
}
feandif
/
* IsItVoicad - whather a le segment is
* voiced or mot,
veoernan -

#ifdar EARDMARY
atatic int IsItVoiced(int *data}

felsn
static int IsItVeiced(int *data, int n)
dandif '
{
int nerossings-q;
iat 4,
min,
minlee = 0,
stages = 7,
start, len)
2loat alope;
2eacpy (PINItVButfer, dxta, (DATASIZE * sizeofiint)) ),
/% 2ilter out frequencies above 3000 hz »/
Doubl Filter (plsI + DATASIZE, atages);
/* DATASIZE will ba 10240 when on the NARDWARE and 'n’ ctherwiye =/
for ( ie0, minsd; { < DATASIZR; 444 )
{
/4 ¥ind the min and check slopes,
periodic dace ahould bave steep slopes. +/
if ( pISItVEuLferiil < min }
{
®in = PISItVButfer(i),
ainloe w i;
}
/* Smooth and recheck the nusber of zsro crossings. e/
ir (PIsItVBuffer{il >= 0} &g
to + ¢/
(PYSItVBuiter(i-1] ca ” )
norossings+ss
alasm if { (PISItVRLLLer(i) <u 0) &
to - e/
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{pIsTtVBuffar(i-1] 5>» 0} 1§

REZOSIDGN+e

- * 100 /

1£ ( 1 > (DATASIZE / 3} )

{
4t ( (minloc - 503 < 0 )
start « 0;
else
atart « minloc - 50,
1f ( (DATASIZE - miuloc) < 50 1
1e3 = DATASIZE - minloc
elze
lan ~ 50,
nlope = Lu-eswn-(&»xucvmrn:uuzn, len, SLOPK};
}
slza
{
if ( (DATASIZE - minloc) < 50 )
len « DATASIZX - ainloc;
else
len » 50,
#lope = t] [minloc), lan, SLOPE),
)

if { ncrossings < 8 L& fabs{zlopa) > 35 )
Taturo TRUK;

raturn FALSE,

}
/*FUNCTION NEXADERA#4+eorvvenscsnnnrvons
RAME : EvalTimaDowmain
DESC: Calculate Ls, Ld, and type (Voiced, Tnvolced, atc )
w *vdats - wave data buffer.
Dumpts - numbar of valuey in the buffer
“PNigging - per to a higgins node to start evaluating,
startingloc - Beginning location velue to put in frame-»loc.
OUT:
RETORN:
NOTES:
*XND_KEADER * /
#12dat HARDWARK
void EvalTimeDomain(int *data, DSP_HIGGINS *pHiggine, int “pNaxinpl}
delas
¥aid EvalTinsDomain{iat *datm, int o, DSP_HIGGINS *pHiggina, int “pXaximpl)
#andif
{

static int dsplaxAzpl = 0;
static int n = 0;
DSP_BIGGINS *frane = pHigging:

int du0, 3=0,
®=axLs = O,
zer,
Qay

iat max, maxloc,

ain, minlae
long Ls, 1d;

if ( DATASIZE < SAMPLESIZE ) {

whbile ( frame l= NULL &&
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3 < DATASIZE )

Ls = Ld = zcr = 0
max = maxloc = min = minloc = O
for (1« ds i < 3 + NODILERGTH) i++ )

{

crossing from + to - ¢

section

-/

/e

I
it

4

}
a

{
)

I
Ls

7ind t2e absolutas max and min for plosive detection. =/

( datali} > max )

wax = datali);
maxloc = 1)

se 1f { data[i) < min )
ain » datalil,

minloc - i)

Culculate the sumation of the absolute value */
4u abgidata[i)};

/* Calculate the sumation of the sbsolute valus of the difference:
How quickly data i chaaging from point to paint +/

if

g
iz

{

crosming fxom - to

{4 < (DATASIZE - 1) )
LA +e abs(data(i+l) - datafi)),

Calculate the nusber of zazo crossings. */
{4>01

FE (datals) 5= 03 &s
Y]
(datu(i-1] <o 0) )
x4y
elae ir { (data[d] <= 0) &k
TCr44)

Percant nuxber of zerc crumsings */
=er = (int)(((lomg)zer * 100] / WODELRWGTH),

Ls /= NODELENGTH;
14 /« NCOXLENGTH:

/* maxla is used towards calculating MuxAmpl +/
if ( La > maxis )
maxLs « {int)Ls;

it (L3 >0}

Qs = {int) ((float)Ld / {float)ls * $D.0),
slna

Qs » 03

i ( Is < QuEXVEL )

{

it

( max > (QLEVEL * 3) &&
(min * -1) > (QLEVEL * 3} &&
(ainloc - maxloc) > 0 &&
(minloc - maxloc) < 50 )

{
frana-stype « ‘U',
fraas->¥o = maxlog;
£zans->FoAmpl ~ minlocs

}

alse

Sxaoe->5ype = QY
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}

/* Dows it have any high fraguency coEponants in it? =/

else if [ zer <s 10 && /* Pound a veiced
Qs <= 15 }

frame->typm = 'V',

else if ( zcr > 20 & /* Found an
*/
Qs > 30}
{
frame->type « 'UY,
12 ( max > (Ls * 3) §& /* max and min have to 3X Ls

fmin ¥ -1) > (Ls * 3) &&

axe within 50 of each other ¢/

tainloe - maxloc) > 0 &k /% the min always fol.
(minloc - maxloc) < 50 ) /% the min
{
frame->Fn = Baxloc)
frame->Fakupl = minloc;
}

/* Hopefully we don‘t fall ioto this else too often. ~/
elsa
/* Unvoiced or a Fricative +/

{
if ( IsItVeiced(idatal)), WODELENGTE) ws TRUE )
frame->type = ‘Ui
elza
frame->type « ‘D°;
}

Lrama.>L# « {int)La;

frame = frame->nmxt;
1 +u NODELENGTE;
/* end of while */

/* Chack voiced / unvoiced designations ¢/
frama « pHiggins;
while{ frame I= NULL }

{

£ | frame->type == NUIL )  /* aseigh any leftovers at the and to Q o/
trame->type = 'N';

12 { frame->type == 'Q' || frame->type = ‘N* )
(

frane = frame->next:

continue;

if { frama->prev le NULL && frams->next I= ROLL &&
frane->typa le frane->next->typs &&
frame->type le frame->prav-s>type )

{
if ( frame->typs we 'V &g
frame->naxt-s>type we ‘T g&
fraoe->prav-s>type =a 19 )
frape->typs = ‘U,
elae 1f ( frame->type == 'U' &k
framu->next->type =« 'Vi &g
frame->prav-styps = V! )
frame-stype = 'V';
}

/* Szooth Ls while we axe at it */
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iz { fzxama->prev = KULL )

frama->Le = (iot) (({long) 2. + (long) £ ->Ls) / 1)y
elze if { fxama->aext ww NULL )

frame->Ls = (int) (((long): Ls + (longlf: P Ls} / 23y
olse

framse->La = (int) {{{long)f P! + {long)t: +

(1ong) frame->naxt-3Ls) / 3);

frame = frame->next)

}
/% Calculate the moving average of the maximum Ls of each 10K section =/
dspMaxiapl = (int) ((( (long) 1m0 o4 () L) [ e 1))
itinc7)}

ey

spHaxAnp]l = dspiaximpl;
Teturn;
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~- bach.c --

v Copywrite Synergetics 1993, 1394

* Warming Confidsatial Material
* Property of Synergetics
+ Copyright 1993, 1994 All Rightz Reserved

#include
#include
#include
#include

#define
#define
Rdefine

“synergy.h*

*bach.h*
=dspeng. .

*filtcost.n*

MIN_BANDPILTER 100
MAX_BANDFILTER 350

NIN_POINTS_PER_PERIOD 10

/* axtarnal Variables */
extern mtruct COMMANDLINE clo;

int bachPilters [NFILTERS+1) = {0, 250, 580, 1000, 1500, 2000, 2500, 3000, 3500,
4000, 4500, 5000, 6000, 7000. 8000, 9000, 10000}s

/*FUMCTION NEADER®**s*osesssnswnwnyanas

/* miniwum band height for a filter pass +/
/* maximan baod height for a filter puss =/

AN : Decomposm
DESC: Taka & 10240 chunk of raw Data, filter snd evaluate it
N “pRawData - A ptr to the Raw Data
'PPiltaradData - A ptr to a buffer to atore the £iltered data in.
n - Humber of Raw Data points to be {0n the
this number will always ba 10240}
oUTy
RETURN:
NOTRS: This code shall be in € on the DSP chip
»XND_NEADER: /
#ifdet FARDWARE
void Dacomposa( veid }
fslae
void Deccaposs( int n )
#endit
{
static  int Fo w0y
static int Foimpl « O)
int 4,
filter, /* bandpass filtar center
n, /* bandpass filter lower cutoff </
Thy /* bandpass filter high cutoff */
int £irstPl = 0;
/% wewsassescs Thin is the loop that filters the data veeeewevsvas &/
for (i = 0) 4 < NPILTERS; ies )
{
12 (i == 1)
{
1€ ( Fo )
£l « (dat) ({{(float)®o + 25.0) / 50.0) + 0.5) = 50,
elas if { firstry )
£l = firetr¥l,
alae
£1 = 150,
12 [ £1 > 350 ) /* Tbis is just a saZety met */
£1 « 350,
}
elae

£1 = bachriltarg[i];

/* Start low and work wp */
if {1 e 0)
{

if { Yo }
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£n = (dnt) (1 ((£loat)Yo + 25.0) / 50.0) + 0.51 = 50)
elxe ’
£n - 150
it (th > 350 ) /* This is just a safaty nat */
£h « 350)
}
alex

2h « bachriltersii+l];

filter = {fl + £h} / 2

¥ircar 'BARDMARK
DorilterPass( £, th, filter )},

felse
DoFilterPass{ f£1, fh, filter. DATASIZK )i
#endif
/* Wa need to bump up the 10w pass filter until Fo gets stazted */
2 (4 == O &k I¥0 )
ZirstFl = FindPo({fl, £b, filter, DATASIZL},
3} /* aund of for loop */
/* Pull out tbe fundswantal freguency and check for mialabeled
voiced fricatives. Must do it in Decompose rzthex than in
dspProcessBuffer since Fo and Formpl are static to this routine
and are used iz Kvaluaterilter() */
GatFundasental ( pDSPEList, &Fo, &Fokzpl )i
}
JSFURCTION FEADERessssssnnnaasssstvnss
WANT DoPilterPass
DE5CH Try and f£ind » formant freq for the filter band given
IN:
oDT:

RETURN: O if the lowpass filter was NOT buepsd up.
non-zexo if it was. The # returnad will be the 2umbar to use as the
£1 for the next pass.
Por all other filter bands this should return 0.

WOTES: Thix could poteatislly be called y when it finds s cemplex
wave in the band given,
X /

$ifdet HARDWARE
int DoFilterPass(int f1, imt fh, int filterCenter |

$alse
int DoFilterPassiimt £1, int fh, int filterCenter, iat n }
Hendif
{
cokrr “pCoetf;
iat filterNum;
int In = 4, /* Filter order of each
saction */
o = 2, /™ number of sactions in each
caucade */
exroxr; /% wrrox i from called 2 ti
“/
f£loat avy; /* sverage of |data|
“f

filterfum = QetPtr2Coeff( filterCentex ),

#ifdef DEBUG_FILTER
if {pCoatf->filterCentar = filterCenter)
PrintP{"\n\aINDEX GRXERATOR MOSED UR[I!\o\n®};

#ifndaf WOCLO
12 ¢ clo.debug )
{

printf(*\o\afl, th; (%d,Nd) PFC: A4, \t Langth: %d",
21, b, filterCentar, FilterLeagth};
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Printf(*\t¥or Locaticns, ")
for (i = 0; i « oumPaizsy d++4) {
Print2(®{%d-xd} *, pstar €4 1] ),

}
prist2(®\nt),

HARDNARX

/% On bardwars tha £4lterfumber will 2ignal how many points to skip, It
¥ill always teke the Raw Input from pRawData snd always put it in
PPilteradData. o/

DaFilter{ filter®um ),

Bvaluaterilter (DATASIZE 7 pCGI!l->polntlTuskip. plouss, £1, rh,
filterNum < 5 ? 0 : ZiltexNum < 10 7 1 ; filterNum - 8);

PCoeff w GcoaffTable(fil termum};

/* Load data to be filtered and calculate average =/
avg = Loadlmput | o, prd t->pointaToskip),

/% TYilter data using a cascade type IIR filter,

the filtarad data will be Taturned in pPilteredData =/
it (avg) (

error = apeflt{pCasff-sb, pCoeff->a, In, ns, PFiltersdData,

/ pCoef2-spoi

pCostt->lastInpue, pCoaff->lastoOutpur) ;

if { exror » 0 )
ExrorEandler( Filter, sin DoFiltazFass™ });

H

alse {
Bamset ( pFilteredData, 0. RAWDATASIZE * sizeof (float));
wemgat ( PCoaff->lastOutput, @, 8 * sizeat{flioat));
memset ( pCoeff->lastInput, 0, 10 = sizeof(float));

}

if (avg » QLEVEL) {
/* Chack to mee if anything is in this bandpass filters/
EvalusteFilter (DATASIZE / pCo-!!—:paintlToSkiy, pCoeff, £1, fh,
filtesHum < 5 ? 0 : filterNuy < 18 2 1 : filter¥um - 8},

return 0,

/*YONCTION NEKDRR*4vssssecarsennannnnann

NAME
DESC)
N
oUT:

Findro
Try and find which low Paas filter ta use for the fundamental

RETURN: The last fh used.

NOTRS:

This should only be called until The avarage Fo is established
and we know which low pass filter to use,

~END

int PindFo (int £1, int fh, imt f{lter, int n)

{

int foundFo = 0;
int tmpfo,

dat tmpFainpl;
DSP_HIGGINS »frame,

/* Count tke number of voiced nodas in the DSP_RIGAINS list , »/
for(fraxe = DDSPRLiSt; frama e WULL && frase->typa la INs) frane = frans->next)

1f (frane->type s 'vr )
foundre+s+)
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1£ ( foundFo » 10 )
PoRistogran( pOSPHLixt, &tepFo, &tmpFompl ) ;
elas
Taturs 0,

/% mmp op tha low Pags tilter cutoff unti) the fundemantal ig found */
4if ( topFo =w 0 )
{

fh +m 50y

tound¥o - g,

while (! foundre)

#ifdef  WARDWARX
DoFilterPass( £1, th, filtes ),

#elae
DoFiltexPasa( f1, fh, filcer, g h

Yandis
FPoRistogram( pDSPHList, &tmpYo, stmpFoampl );

1f ¢ tapXo e 0 )
{

i€ ( £h < 350 )
£2 se 50, /* Buxp up the low panss and
tTY again ¢/
elae
return 0, /* ¥o more low paus Ziltars
lete <y
}
elzn
break; /* Yeah! We found
it s/
}
)
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.
.

* Marning Confidential Material

-- filter.c --

Copywrite Synexgetics 1533,

* Property of Synaergetics
© Copyright 1393, 1994 All Rights Reserved

LT LT T,

1934

#include *filter.n*

/

* SPCYLT - Cascada-Fora ITR Digital Pilter

11713/as

* YILTERS H-POINT DATA STQUENCE IN PLACE DSING ARRAY X

* TRANSFXR FUNCTION 1s CONPOSED OF NS SECTIONS

-

* IERROR=0

venrestacesnts

int.
*pefle!  floac *b, float *a, int 1s, int ox, float *x, int n,
float *px, float *py}
{
/* Local varisbles v/
int k,
=,
11,
b_dim1,
=_dini,
px_diml,
Py_dinl,
~ atatic long cnt; */
b_diml « 1a s 1,
a_diml « 11,
PX diml = 15 + 24
Ppy_dial = 1s;
for (m = 0 ; m<na; sem)
for (k= 03 k< ++k)
{
Pxlm * px diml] = x{%};
*lk] = bim * b_aimi] « pxig * Px_dinl},
for (11 » 1 ; 21 <a 3a 7 ++11)
{ .
X[kl « 2[k) 4 B{1l » m = b dim1] +
Py _dimi},
3 cates) »f

NIT STAGE TRANSYER FUNCTION

B0 RV 43 (1, M) 2% (-1) 4.

LeA(L ) ®224 (-1) v .. A (LS, )]
* PX RETAINS PAST VALUES OF INPUT X
* PY RXTAINS PAST VALUXS OF OUTYOT Y

FO ERRORS DETECTED

IN CASCADE WItm

+B(LS, M) #z%e (-1.3)

“Ire{-L8)

1 - NS OUTFUT AT STAGE [IXRROR] ®XCXXDS 1.E10

Bl - coefficisats for each
2] - coefficients for sach
1s - order of sectiona

saction
aection

ns - suaber of secticas in filtex
x[o]l - data array (input asd output)

3 - nusber of samples in x

Px - retaios past {zputs for mach xaction
PY - retains past ontputs for each secticn

N

waeny

80

Px[1l 4 m * px dimy)

TRl -1 adiml) fpy[11 - 14w

if (Zads(x[k]) > BIG)

retura m,

for (11 = 1a ; 11 >a 2 2 =-11)

- Page 91 -

Docket No.: 132172



AT LAW
ATE TOWER
UTH TEMPLE

CITY, UTAH 84111

ATTORNEYS
1000 EAGLE G.

A PROFESSIONAL CORPORATION
60 EAST SO

SALT LA;

WORKMAN, NYDEGGER & SEELEY

10

1

12

16

17

18

20

21

22

23

2%

25

26

5,640,490
82

PxIll + m * px_diml] = Pxlll - 2 ¢~ Px_dim1),;
PYIIL - 3 4 m ¢ py dimll mopyr1d - 3 4 u 5 Py_dinmij;

Px[m ¢ px dim1 4 2} a pxla * px dim],
PYIm * py dim1] w xx},

}
}
Al Printf{*\nkq, cnt);
return 0,
} 7% apetac </
7 annmna.

- ﬂcﬂ.tlthﬂ-!!lCllnEl
. £1 - low frequancy cutoff

L 2h - high freguency cutnffrs

- samples - saxmples g9oing dnto filter

. b - return for numerator coafficients
A 3 - return for desominator coatficiants

tnhosers ranee weesranuany

lhnexltnCce!ticiununt iband, flomt fln, float tha, iat 1n, ine 28, float *b, float *a}
{

int wrrar)
/* LOWPASS ANALOG TO BANDPASS Drorrar SCALED IN FREQURNCY ¢/

/* Generate coefficiemta. v/
SFIOT = #piizd(iband, nx, 1n, fln, fhn, b, a);

i (erxor 1. 0y
ErrorBandlar Costficients, "in dunerateCosfficiants® ),

/* #defing SHONCOXKF »/
#ifdet smoWCOXY
{

extarn lang Mew3ampleRate;
FILK *fptr,
int 1,

if ( (fper « fopen(“coefs. date, "8")) ww NULL }
ErrorEandler( Filatpen, *coeff.dats H

if (fla «x fIm) { /% LowPass. e
fprist2itptr, *\t{ ad,\n~, (43E) ({£4/2 0% {210nt) NewSumplerate) + 0.5) ),
} B
olze ( .
fprinte(fper, *\t{ %d,\a", un:)(((:uo-nn)/:.nﬂnunw-vsnphu:-) + 0.5
}

fpxiatf{tper, \e\e{ "},
. for {4 =0, 4 < (In = a8}, 4ed)
fprints (fptr, *%12.152, ¢, a(i)),
fprintfifptr, *),\nv),

fprintf(fpex, \t\g{ =);

fox (L =0 ; 4 ¢ {(In+1) * ne} 5 44d)
fprintf(fptr, "%12.15¢, ~, bli3),

fpriat(fpex, *},\nw),

fpriote(fprr, s\t\gf ),

Zor (L =0 i< {in = asly e+d}
tprints(fpex, *0.0, ),

Zprinti(fptr, *),\n%),

Iprintfifptr, *\e\e{ =),
20X (w04 c((ned) » nsd 5 guiy
fprinte? (fprr, eg.0, ")
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fprintsifptr, *}),\a\a",

felose( fptr ),

return erxox)

*piird(4nt iband, {nt na, int 1s, float fin, rioac fhn, flsat *h, flocat *a)

int 8IT0r « 0,
k. /* section sumber o
b_dim1, /* Qdimension sixe of b ~f
a_dimi, /% dimansion size af & e/
t@p_inc,

£loat *work,
*e, /* anslog dencainator costficiamts ~/
*d; /* anelag numerator cositicients £73

if { s ca 0 ||
ibana < roweass ||
iband > STOPRAND )
return 6;

1f ( f1n <o 0 || fom »n 0.5 )
retura 7,

i€ {iband == BANDPASS {| iband == sroveaND) £s
£1n >m f£hn )
return 7,

b_diml = 1p 4+ 1,
&_Ain? = 1a,

i ( {c = (f10at “)callocid dfal , eizact{f10at))] e NULL )
XrrarNandler( CutOfMemory, “in spiirar ),

42 { 14 = (f2oat *)callocid_dimi , #ize0f{f1loat))) ws NOLL )
SrrorSandler( OQutOfMemary, *in apiird» },

1€ ( (work = (float 'lclllec((b_diﬂl * b_dim1) , #izeof (f10at))) ww NOLL )
EcTorandler( QutOfNemory, "in spiird* ),

20r (k = 1, k <= ns , 4rk)
{
/* Order of low-pass u(s) <+
top_int = ng v 2, /* Wby imnt thia (1 « a3} 7 ey
/% generate analog cosfficients a/
4=TOT = spbwct (tap_int, X, b_diud, d, o),

4f (arror 1s 0)

{
free( ¢ ),
freet 4 );
free{ work ),
Teturn error;
}

/* Transform anelog coafficients to digital coefficiants -/
4F¥OT « SPEBIL(A, ¢, ls, iband, fln, fha, ebl(k - 1) » b_dinly,
ik - 1) » w_dim1), work),

if {erzer 1- 0)

{

freel ¢ ),

- Page 93 -

Docket No.: 13217.2



WORKMAN, NYDEGGER & SEELEY

A PROFFESSIONAL CORPORATION

ATTORNEYS ATLAW
1000 EAGLE GATE TOWER
60 EAST SOUTH TEMPLE
SALT LAKE CITY, UTAH 84111

19

20

21

22

23

24

25

26

85

5,640,490

Lrea( & ),
freal work ),
TetuIn error;

free( c );
Ixee( d };
free{ work },
Tetuzn errox;

} 7+ apiird o/

4ot

SPIbIL( float *d. float *e, {nt In, int iband, float 2lu, float fim,

{

float *b, float »a, fleat *work)

int arror)
iot work diml, twp_imt, i, k. 1, m, xerc_func, 11, mm, 1a,
float tmpe, tmpd, w, wi, w2, w02, tmp;

/* Make sure that d and c are not sll sexos */
zazo_fune « TRUR;
for {£ = lo; 1 >m 0 3& zaro_fune 5 --1)
{
42 {eld) Iw 0.0 || 4ALL} (= 0.01
Zero_func = PALSE;

42 ( 3ero_func )
raturn 1,

work_diml = 1z + 1;

meisl,

vl = (float] tan(PI  flnl;

lam=*2

if ( iband > RIGEPASS }

{
2 = (float) tan{PI * fhn);
¥ ow w2 - wly
wi2 » wl * w2,
}
12 (1 > o)
Teturn 3;
switch (iband)

/* SCALING 3/WL FOR LOWPASS, RICHPASS v/
CREe LOMPASS:

!02(--0;-<-:,~04-]

{
dlam) /= pow(wl, mm),
c{mm} /e pow{wl, mm}j
3
break;

/* SUBSTITUTION OF 1/8 TO GENERATE WIGEPASS (BR,BS) */
case RICEPASS:

Zor (mm = 0 5 ¥m <a (0 / 2) ; +emm)

tup » dlmag;
dixm] = aln - mm))
din - 2w) = tap;
top = clem),
clom] - clm - wsl,
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)

cla - zm] ~ tup;

/% SCALING 3/W1 FoR LOWPASS, BIGHPASS «/

TOr (mm o 0t = <o m ; comm)

dloa) /e powiwi, xm),
clm] /= pow(wl, =,

brexk;

/* SUBSTITUTION op (S*%24W0e2) /(Weg)

Cu#s BANDPASS:

for (21 = 0 ; 11 <o 1 3 ++11)

BANDPASS, BANDSTOP +/

/7 [wpbfet(k, k)

* spbfctitnp iat,twp int));
work[ls] += tmpd ~ Pow({wa2, k} * tmp,
work(la + work diml] ¢ tmpe * pow(w2, k) + top;

{
work([l1l) = 0.0;
work[ll + work diml] = 0,0
}
£0r (M = 0 ;) 2 <u m ; eomm)
{
P int = » - aw
apd « d{m) * powlv, tep_inti;
tapc « cloal * pow(w, tzp_int);
207 (X = 0 ; k <= w0y 4k}
{
1 =m+ma- (k*2),
tap_int = mm - k;
tap = spbfct (xm, o)
}
)
for (11 = 0 5 11 ca 1 i ++11)
(
Al11) = worx(11),
€f11] = work[1l ¢ work diml};
}
break)

/* SUBSTITUTION OF

case STOPBARD:

20r {mm = 0 ; 3m <u a7 2) 5 semam)

{

}

tap = dfwm],
dlma) = din - =i,
dln - ma] = tap;
b5 - cloa],
clmal « cim - mm),
cln - on] - ap,;

/* SURSTITUTION OF (S*%24M0%2) / (Was)

£ox (12 = 0 ; 11 <n 1 ; 4411}

{

}

work([11] = D.0,
work[ll + work_aiml] = 0.0;

for (mo = 0 5 mm <= B 5 vomm)

{

top_ {0t w n - oy
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tapd = dizm] ~ Powlw, tmp iat},
tmpc w clmn] ¢ poww, tap int),

tor(k-o:k<--:oqk)

ERE R R
B int « om - k;

tap = spbfot (wm,mo) / (apbret ik, k)
* apbick(tmp int,tmp_int}),
vork{le) 4o tspd v paw(w02, k) * tap,

work[ls + work_dimi) 4u twpc «

}
}
for (11 = 0 ) 11 < 1 1 ++11)
{
4111 = work(1l];
<[11] = work(ll + work_diml],
}
braak;
} /% end of switcn #/

#rror « spbiln(d, ¢, Ia, b, 4, wark),

Teturn errer;

} 7% apthre -y

[ravernaneresnterriinranne

* SPBNCF - Signal ng B
* GINERATES XIX SECTION CORPFICIRNTS FOR LTR ORDER MOAMALIZED
LONPASS BUTTERWORTX FILTER
¥ SECOMD ORDRR SECTIONS: Kem(L+1)/2

* ODD ORDER L:

. £ 21/13/8%

FINAL SECTION WILL CONTAIN 1ST ORDER POLX

* LN DEFINKS CORPPICIEMT ARRAY SIZE
'mx.oqcorrrxcnnsmlnmmnnmc

* IERRORmQ

-

NO ERRORS DETECTED

1 INVALID FILTER OROER I
2 INVALID SECTION NUMBEX X

int

sphwct{int 1, int X, ia¢ In,

arxay =f

/* Local vaxiables ¢/
int &
float tap;

float *d, float wc)

/* Total order (In = ns) EuSt be greater than xexo =/

12 (1 <= )
ratura 1,

if (X <m0 ||

X> (1 +1) 72y

return 2,

@l0] = ef0l = 2.0,

powiwiz, k) * tmp,

for (1 w1, 4 «<1n, ved) /* RBM: changed § «<a in to i < In so it doesn‘t overrun the

{
4l - 0.0,
eli} = 6.0,

tap = (float] X - (1 o 1.0 / 1.0,

it (bwp =e 0,0)
cl1) = 1.0,
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else
{
€l1l] = [float) (-2.0 « con{{double) {(k * 2) 1 - 1}
“ PL / {double) (1 » 2,
cl(2] » 1.0;
}
Tetum 0
} /= apbwce 7

int
spbiln{float *d, flgat "¢, iat ln, float b, ficat *a, float ework )
4

/* Local variablas */

dat 4, 3, 1, 38x0_func, work diml;

float scale, tup

doubla akmp,

Zero_func = TAUX;
for (1 = 13 ) 1 >= U & 2ero_func ; --4)
{
i {cli] 1= 0.0 || 4141 1= 0.0)
zero_func = FALSE)

if { zero_tunc )
Teturn 1;

work dial = 1n + 1;

leisa,
for () m 01 3 <= 13 o44)
work[3 * work dim1] - 1.q,

twp = 1,0)
for (=1, 4 cal; sed)

{
tp = tap * (flomt) (1 - 3 + 1} / (2loat} 4,
work([i] « rmp,

}

for owd;dicel, 438)

20:(j-1;j<-114-+j)

work(i + § » work_diml] e work{d + G- 1« work_dixl]
- wOTK[d - 1 4§ * work_dimi)
“work{i - 14 (§ - 1} e work_diml) ;

}
}
£0r (L wl,45a0, -4
{
il = 0.0,
atap = 0.0,
toz(j-n,j(.llug)
4
DI 4~ work{i + § * work_dimy) a3l
atmp +u= {doublw) work(i + 3 ¢ work_dimi}p » cljl,
}
Scale = (double) atmp;
if (4 1= 0)
ali - 1) « (double) acmp;
}

12 (scale == 0.0)
Taturn 2,
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b0l /= scxle)

for (L al ;i <slp +4il

for (£ w1 + 1) 1 «nlay +ed)

ali - 1] = 0.0y

{
B[] /= scala;
ald - 1] /= scale;
}
/* pad the remainder of the arzay with zazros
if (1 < 1)
{
{
blil = 0.0:
}
)
return Os
} /* spbilo o/

i
» SPBFCT - Computes factorial

* GENERATES (I1}1/(I1-I2)laI1%{I1-1)~..

11/14/8%5

© NOTE: Olel AMD SPRFCT(T,I}wSIBPCT(I,I-1)aTl.

S®(11-12+1)

double

spbictlint i1, 4ot i2)

{
/* Local variablas ¢/
int 4,
double rat_valr

ret_val = 0.0;

i€ (41 <0 ||
i3 <o i
42 > 11)

raturn{ret_valls

zat_val = 1.0/

for (1 = 11 5 § >a (42 - 42 + 1) ; --4)

ret_val * (double) 1,

returniret_val);

} /¢ spbtet v/
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/*C_HEADER_FILE

FILE 1 getfo.c

DESC : Routine to pull the Fundamental cut of the data.
TARS s 3

OWNER 1 Brent Eale

DATE CREATED: 31 Oct 1994
Copyright Synecrgetics 1993, 1934

Marnisg Confidential Material
Property of Synergetics
Copyright 1993, 1994 All Rights Resexvad

SYROPS1S: The code will reside on the DSP since we need Fo to decida
which lov pass filters we can do sdthout.
- %R /

#include “bach.h*

3ifdef  EARDWARK
roid 1{)__ssm{*g 1%)
VYendif

$#detine MRINS 6

+ FoHistogram - Create a histogram of the data in ffreql0l} for this

» 10K section of data. TFind the highest peak in the histogram and return
* the average of the frequancies in that bin. Return 0 if there ares less
* thaa 4 values in the bia.

void FoRistogram( DSP_XIGGINS *frmstart, int *¥o, int *Fohmpl }

{
DSP_EIGGINS *frame = frastart;
nt 1,
max,
xaxloc,

histogram [NBINS),

biriverage [NBINS],

amplAvarage [NRBINS],

bias [RBINS} - {1DD, 150, 200, 350, 300, 350},
migFo » 70y

memzat ( histogxas, 0, NBINS * sizeof(int) };
senset ( binkvera; 0, NBINS * wizeof(int] }s
semyet( amplhvarags, 0, MBINE * sizeof{int} )

while ( frame I= NULL )

{
it { frame->type i= 'V' ]
{
frame = frame->nexty
contiaue)
}
if ( frame->ffreql0] < bing [NBINS-1] )
{
for (4 = 0) 1 < NBINS) ies}
{
if { frame->ffreql0] > min¥o &&
frame->Efragid] <= bins[l) )
{
bistogramiil+4;
binkvaraga[i] += fxeme->Zfzegl0]:
ampliverage[i] += frame->ampl(0]:
break;
}
}
) .
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frane » frama->next;

for (1 = max m» 0) 1 < WBINS; iss )

{

}

i2 { histogram(i] > 6 ) {
binAverage[i] /e histogram[il;
TNe) [4) /= hi 1Yy

if | histogram{i] > max }

max = histogram(il,
maxlac = i)

1 ( max > 10 } {
*Fo = binAverage[maxloc),
*Y¥oAwpl = smplivsrage(maxlocl,

raturn;

“¥a = 0;
*Yohmpl = 03

/

* Getrundamental - Chack ffxeq{0] for & valid fundamental
" fraquexncy and sat ¥o to that value. If ffragl0] is not
* valid then set frame->Fo to tha moving averags Yo.

/

void GetFundsmental( DSP_HIGGINS *frastart, iat +¥a, int *Folspl )

{

static int nfo = 0,

Aot histogramro,
histogramAmpl;

DSP_NIGGINS *frame « frmstart;

FoRistogram| fxmstart, &histogramFo, &histogramhmpl )
42 { histogramFo > 0 )

{

average */

“Fo = {{*Fo
*PoAmpl = {1

i2 {nto < 7
o

while {frame 1= NULL)

{

i { frame->

/e
it

{

3

« aFo} ¢ histogramPo) / (mPo + 1})  /* calc mo
*Fohmpl * nFo} + histogramAwpl) / {nra + 1},

H
O+4)

Eype =m PV}

Save the Fundamental Frequency */
( frame->£freqiD] > (*Fo * 0.7) a&
frame->ffreql0] < {*Fo * 1.3) )

frame->Fo = frome->fIireql0];
frame->FoAnpl = 2xame->amplil],

ving average */
#* calc meving

/* Didn‘t £4nd ro in the filter so stuff the average */

*l

<

se if { “Po && [frama->Fo )

frape->Fo = *¥o;
frama->Forapl = *Zormpl;
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alse
{
trame->¥0 « frame->ffreq(0],
Zrame->FoRapl = frame->aspl(0);
}

Zrame->£2req{0) = Zrame->amplio] = 0

}

frame = frame->next;
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/4C_MEADXR FILE

FILE
DESC
TARS
OMNER

1993,
argetics

1ght Syn!

Copyr:

information we havi the vbss files.
have fox
1 Person

t 3

: Brent Nale
g time.
boen sround & lon
TED ¢
DATE CREA:

1954

Warning Confidantisl Katerial
OPY T 9% A ghts Resexve
T ight 1993, 19 11 Ris d

SYNOPSIS

s

= .h s0 it would shut up the covpiler.
h r P
that

- ex 5"
#include “gand

263 ] =
ubjeet [

raon &

atxuct pa:

{{o. 'w}

{26.
{40,
{24,
{43,
{12,
{12,
{sz.
{2s.
{20,
{11,
(30,
(a1,
{a1.
{11,
{11,
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{13,
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{57,
{22,
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{12,
{2,
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{1,
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e},
).
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.
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R
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w).
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'y,
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{20,
{as,
(35.
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).
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).
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),
).
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/*C_BEADER_FILK .

FILE 3 evalfilt.c

pESC : The C routines o Rvaluate the Filtered data
TARS t 3

OmvER : Brent Hale

DATE CREATED: 31 Oct 1834
Copyright Synsrgetics 1393, 1934

Warning Confidentizl Material
Property of Synargstics

Copyright 1393, 19%4 ALL Rights Resarved

SYNOPSIS: Broken cut from bach.c.

This code will reside op the DSP and be in C.

*ND_} /
#include “bach.h”

#include “errors.h®

#include “"messuref.h*

#include "dspang,h*

#include "lstaqra.h®

#ifder EARDWARE

/* Make the routine EvalTimaDomsic callsble fron assesbly. ¢/
int Evaluateriltert) ssam("svalutateriltex®};

dendit

/* Sat it up according to:
Sxy xy - {x*y /=
J— [P, cemmmm——a-

8xx xzqr - (= * x / n)

And sioce n i always 3 for this macro:
ae3
x =3
Yy « sumation of the thres data points
xy = sumoation of datals] * 3
XEqr « ywomation of 4 * L or 5 (fs. 0 ¢ 1 + 4)

#detine DLEASTSQUARKSISIOPE( dl, d2, 43 ] \
({42 + (d3 * 2.0)} - {d1l + A2 + 43)} / (5.0 - 3.0)

/SYONCTION_HEADER®==evsssscastnverssace

NAME 3 Zvalusterilter

DESC: Check the filtered data firat to see if there
is a signal found in this bandpass. If there is a vave then
the average amplitude should ba comparable to the averags of
the unfiltered signsl, If thera is a sigosl in the filtexed
data then maasura the frequency of that signoal.

N

BETURN:  GOMPLXX - if the signal found in the band pass appears to be camplex.

SINPLE - if we only found cne mignal, we complated the whole combine
pass. Found fregquency has been saved in the HIGGINS liat.

HOTES:

“HND_mEADER: /

void

XvaluateFilter (int n, COKFF “pCoeff, int 1, ist Eh, int filternumber)

(

int i, 3.
*reg = 0:
int decimsted256;
int dec¥ilterLsny
int periodSize;
int offsat;

float AfterAvg,

DSP_EIGGINS *frama)
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/% Calculata the average amplitude for wach 256 sectica. This becomes
our After Average. =/
decimated256 = (int) ({float) 256 / {flomt) pCaeff->pointaToSkip + 0.5},

for {1 = offset = 0, frame » pOSFELiat;
frame )= NULL , offset + decimatedlsé < n,

offzat +a ; Lrame « £ )
{
if { frama->type ax 'Q' )
centinua,
for (4 = g = 07 & < & 1 A4+ )
{
AfterAvg +e fabm(pFilteredData[offsat + 1]);
}
fxame->ampl [£1)bernumbar] - Afteravg / 1)
}

#if3ss OutputFiltarData

QutputFiltereddata();

Ranaif

/* Convert the filtersd date to slope datm.

This was normaily done in

Weazure¥raq(), but has basan moved sut s that we can aave on the
function calls and just do the whole 9 yards all at once. %/

/% Calculate the slope of tha dats #/
for (1 =05 4 < (n-2); d4¢ ) {
pri 4] = 3SLOPE( pril ). pri {141,
Prilteredbatalisa) );
Rifdat TESTING_RACRO
flteat = { prid 4], pril iL+21,
pFilteredData[is2) §,
£ltest = ((pFilteredData[i]+*0.0) + (priltaredData [141191.0} +
{priltezedpataii+2]*2.0)};
f2twat = (pPil [41 + pril [i+1] + pril 1+21),
I3tast e (3,0 * (pril [1] « pril [4+1] + pri1 [i+21) 7

31

Sxy = fltest - fitest,
8xx = 5 - (3*3/13),
fltest = Sxy / Sxx;
f2test = dlssabSquares (ipFilteredbDstalil, 3, SLOPE),

if (23test v fItest &k [(fltest - f2test) » 0.000000001)}

priota (" "y,

priltaredData(i] = 4L

fendit

(&pPa1

/% calc slope over two pointe for m - 2 */

Priltered

131 = pria

(i1, 3, sLoex);

[i+1) - pri

/% copy previcus value for last slope valus */

pr [141] = pPi 4 11,

/* pril

/* Calc the decimsted Filter Length over 3 periods

now slope

i1,

and pot filtared Data =/

*/

dacFilterlen = ploaff->effectiveSazplaRata / PCoeff->filterCentaxr * 3I;
frame = pUIPELizE;
for (L = ] w 0; frame && £ < n; 1 +a decinatedsé, j++, fzame « frama->next) {

if (frame->type == Q') {

continve;

/* No reason to do quiets +/

}

/® Ignore tha faet that it =ay ba complex. If we aspume that a compleax

frequancies. +/

aignal can mot bave more then two fraguenci.

in it for a given band

Paza filter, then anly one will he within the filter cutsfs

Af (1 + decPilterben <a n) {

- Page 104 -

/* Will I ovarrun the buffex?

Docket No.: 13217.2



WORKMAN, NYDEGGER & SEELEY

A PROFESSIONAL CORPORATION

ATTORNEYS ATLAW
1000 EAGLE GATE TO'

R

60 EAST SOUTH TEMPLE
SALT LAKE CITY, UTAH 84111

10

12

13

20

21

22

24

25

26

107

5,640,490

108

q( &pFi ., decrilterl
£1, 2h,
pCostf->effectiveSanpleRate, &Freq i
}
alse {
1q¢ Rprd i1, decrilteslen,
£1, fn,

pContf->effectiveSaepleRate, &¥req };

/* put Fraq in the current frame->£freq(filternunher] =/
/* 1a the frequency within the limtts of the handpasa? +/
if ( Preq <= £h 3i Preq >« f£1 )

frams->ffraq(filternuaber) « Fraq;
1f { frame->typs wa 'V' && Preg )
{
pariodSizs = {int) (SKMPLERATE / ¥reaql,
/* It the pariod size is gr

adjuat for ik, w/
if { pericdSize > NODELENGTIR &%
frame-»naxt )« NOULL )
{
2rame->aupl [filtaroumbezr] =
tdat} ((({leng) fraxe->ampl [filternumber] * (1ong) NODELENGTE) +

er than the NODILINGTH then

{{Xong) ¢: aupl (211 “ {loug) e - 0)) /
poziodsixe)
}
}
}
else
frane->Lfreqlfiltarnumber] = frame->anpl[filternumber] = G;
}
zeturn;
3

#itdet OutputFilterData

Output¥ilteredbata()

(
rILE @fper)
char tdatarile[20]
static cFilterCenter = 0;
int i)

/* Craate 4 file of the Lype fdo<filteroumbers.dat */
sprintf{ fdataFile, "\\dump\\fdo¥0sd,dat®, PilterCsater |:

if (cPilterCenter I= PilterCenter}

{

if ((fptr = fopen( fdataFile, =w” }} w= NULL)
ErrorZandler{ FileOpan, fdataFile j;

/* Hame the ¢olumn for minitab ¢/
fprintf(fptr, "%5d\n", FilterCenter );
cPilterCanter = FiltarCenter;

3

else

12 ((fptr = fopen( fdataFile, “a® }) wa NULL)
ErrorBandler{ FileOpan, fdataPila );

foxr (i = 0; 4 < 1y d+8)
fprintf(fptr, *"wf\n", pFiltaredDatafi] ),

felosel fptr )

Henaiz
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. -~ alrand.c --
¥ Copyright Synergaetics 1383, 1394

* MWritten by RX. Brian Moscur

.

* Warning Confidential Material

* Property of Synergatics

* Copyzight 1853, 1934 All Rights Reserved

110

hd This used to be the old dsp.c but so as ta avoid confusiom

* WiLh the dsp cods, wa'Ve xwnamed it ko eiroad.c.

/* #include cemsystes.h> */

/* The following are from mmsystem.h. Thers are A, ELY a

¥hich pravents me frow just including masysten.h now that we aze trying to

ke totally ANSI compliant. v/
#include <errmo.hs

#include “dsp.h*
#include "dspang.h*
#ioclude "Riglist.h*
#includs “cloption.h®
#include “wavio.h"
#inelude *pmi.h*
#include *srengine.h”
#include *srrors.h®

#ifde? CRT
#inrlnde  “version.h*
#inelude “pazcii.h*
#include *gender.h”

/* genarates a warning but since it goas avay for

Xeleaas version we dida't waut to mdd then remove it from the project. =/

#include “"pascii.he
$include "playrile.n~
#wnidis

/*%ifant FPEDERATION */

/*#incinde "txoi.h* v/

/*tendit =/

extern double AuditoryRange{NUM_AUDITORY] 5

/* Globala v/

struct COMMANDLINE clo; 7.

izt Scundiusber,
Parsondhamber,
Totalicrodes = 0,
Kicrobes = 0,
acalls = 0,
fHotMic = FALSE;

device =/

char laN, -
23XoQkDAT {KAXPATH] ,
DumpPathisl],

FILE *EpRD;

/* Local Prototypes =/

vold GetDumpPath(void),

FILE *CheckSoundPile(YILE *fptr);,

void PrintAQL{struct BIGGINS *frame);
void GetInputFile({void);

vold ProcessWaverile(char *Waverilel;
char *GatWeveFile (void),

vold sk(struct BIGGING »2.

command line options =/

/* ¥lag to see if the Xicrophope ix the input

wave,

int CheckLinkedList{struct BIGGIMS *fa};

#ifdet  OUTPUT MIwrMOMS
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Ly *minfpts;

feadit

/% 10240 ¢/

#define  VRDATASIZE {SXGSIZE * 10)

#ifndef PEDERATION

void

Satup{ void )

{

#ifdef  CUTFUT_NININUNS
/4 Open up the file to cutput the Points of Maximum Intelligence </
if ((minfptr = SetupOuiputPile( "minimums.dat® )) = WOULL} {

exit{l),

/* Wams tbe columas for minitab */
fprintf{minfptr, *Loc\tSlope\n*);
#ondiz

void

Clesnup( void )

{

#12det OUTPUT_MINIMUMS
fclose( minfptr ))

#enait
}
/ /
int
main(int arge, char *vargv)
{
char drive[MAXDRIVE],
447 [MAXDIR] ,
f£ile(MAXrILE],
axt [MAXEXT] ;
#ifdet CRT
clrscz();
printf ("\n/ Y
prints {(*\n * ~= XE ~-", IFVAINEEE )
printf{*\n * Vergion kd.kd.%d*, rmj, rmm. xup};
priatf(*\s *%),
printf(*\n * Copyrignt Synergetics 1993, 193¢");
prints (*\a **),
print2{"\n * Warning Confidential Hateriul®*);
printf{*\n * Property of Synargatics®);
priatf{*\a * Copyright 1853, 1954 All Rights Reservea®),
printf{*\n /\nv}s
#endif

/* ¥ind the Directory that the XIE rgsides in. */
strepy{ axRootDix, argw([d]);
fosplit{ axRootDir, drive, dir, fils, ext },
fnmarge{ szRootDir, Arive, dir, WULL, NULL },
€hdir({ szRootDir },
InitCommandlineOpticns(zclo};
if (azge > 1)

GatComuandl ina0pticus (kclo, arge, argv);

if ( clo.testmode || clo.aql }
GatDumpPath{) y

Setup (),

/* Find the actua) input Mave Zileneme and path and process the fila +/
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GatInputfile()s

/* Do somw clasan up before exiting */
it { clo.testmade )
{
42 { £pRD )
fclose(£pRD) 5
}

if { clo.inputpath 1= NOULL }

{
frea{ clo.iaputpath };
clo.izputpath w WOLLy

fprintfistdout, "\n\aAll Wava file procassing is DONEIIIII\D*),

Cleanup(})
axit{0)
return 0
}
#enait

/

+ PrintAQL - Print out the data for AQL determipation. File

114

+ formant ia:
+ Parson Sound Paacii Frob Pascii Prob Pascii Prob Pascii Prob Pageil ¥rob
/
void
PrintAQL(stxuct EIGUINS *frame)
{
FILE *priles
char 24lenaxme[123),
dnt 4,
sprintf(filenane, *¥a\\AQL.dat®, DuapPath);
if [ (prile = fopen(filenams, "u°)) == NULL }
{
fprintf(stderr, "Can't open file ¥s\n", filenual;
return;
}
fprintf(pFile, * %d\tkd®, PersouNumber, SoundNuader)r
for { i«0; ic 5 d44)
fprinte (pPile, "\t¥d\th4.2f%, frame->panciilil.p, frame->pasciilil.ely
gprinti{pFiles, "\u"};
fclome (p74le);
)
void
GatDumpPath(veid}
{

int i, flags,

char drive(MAXDRIVE] s
char dir [MAIDIR);
char £ile MAXPILE],
char ext [MAXEXTS)
crar tilmname(al],

vey

printf (*Ruler output is active.\n\a®),

if ( clo.dumpaaglyn |
print?{*Maglyn Kicrobe cutput i3 active.\n®

*The ¥eglyn Kicxcbs Files are nasad after the sound file\n*
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“with the extansion of the micrabe nusber. I.E. \"S5001032.5\"\n\n*

1f { clo.outputpath == KULL )}

{
printf{*Praszs Raturm for default output (Path &k Ruler Filanams)\n*);
printe(® {\"C:\\DUNP\\ROLERS .DAT\") \n")
printf{"\nEnter Output Path: *),
Zgets{ DumpPath, sizeof{DumpPath}, midin };
if { DumpPath(0] == *\n' )
atrepy{ DunpPath, “c:\\dump\\rulers.dat" );
while { {c = strgtr(DuapPath, "\o*}} I= XULL )
*¢ - \DY,
}
else /* Gst the command lins path */

strcpy{DumpPath. clo.outputpath),

/* Bplit the path into its

individual compoments */
flags « fnsplit!{ DumpPath, drive, dir, file, ext ),

/= Kaxge just the path v/
faxerge ( DumpPath, drivae, dir, NULL, WDLL };

for {im0; DumpPath(i] le« 0 ; 144),
DumpPath{i-1) = 0;

/+ Make xure the path iy
valid. Try to create it if not */
4f ( =kétiz{ DuxpPath ) == -1 )

{
if { errno = EACCES )
{
printi( "{Erxor: Pathk not found! While attempting to create Dump
Dirsctory Ss\n".
DumpPath );
axit(a);
}

/* 42 a tile name was not entered use

the defsult */
if( 1(flags & FILENAXE} }
frmerge! Zilenams, drive, dir, "rulers®, "dat® };
alse
fnmerge( filename, drive, dir, file, ext );

1€ (( £pRD = fopen( filename, *wab* )} ww NULL )

{
printf( "<¥d> Couldn't cpen Ruler Dump f£ile %¥s\n", (int)fpkD, filenmme };
exit{0);

¢
* ChacklLinkedlList - Mwke suTe that all of
* the list pointers are pointing ta the

* right place. This is a debug routina

iat
CheckLinkedlList (atruck NIGGINS *fg)

struct NIGGINS *fraae;

frame = fa3)

printf(*\uv*);
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while ( frame te XULL )

{
if { frame->prev m= NULL &5 frame I= 2 )
return B
if ( frame->next 1= NULL )
{
if ( frame->next->prev is frama )
raturn 0y
}
if ( frame->prev | NULL )
it { frame->prav-snext !e frame }
Taturs Qf
7
The ovarlapping nodes wea have set to Regativa loc's sc this now
dossn’t make for a bosed linked List.
42 { framwe->lac < 9 }
return 0
-/
it (frams->type == 'N/) {
printg{ *N» ),
}
else if { frame->type a= 'U' )
printf{ *u* ),
olse
Printf(*sc*, fzame->typel;
frame = frams->next;
}
printe(*\n*);
return 1,
}

/
* GatIuputPils - Get the input wave file, handle Ps aad vbaz options as
* wall as wildcard options and then Procesz the reaulting wave files.

/
void
GatInputFileivoid)
{
chax sound (4] = “\0\O\0\0",
peTscald) = *\0\0\0\a*,
tmpl4] = "\O\o\o\o°,
drive [MAIDRIVE] ,
Air [KAXDIR],
£ila AXFILX]
axt [MAKEXT) ,
SoundFilePath [MAXSUIPER] ;
4ot 1. 3
struct £fblk £8blks
drive [MAXDRIVE-1] = *\0*,
dir [MAXDIE-1] = '\0',
Zile [AXFILZ-1] = *\U')
oxt (MAYIXT-1] w *\0',
1f ( clo.inputpath = NULL )}
fasplit( clo.inputpath, drive, diz, file, axt ),
alze
(
clo.inputpath = GetWaverile(),
fosplit( elo.inputpath, drive, dir, file. ext 1
}
1 { stratrlext, "WAVY) == NULL && /* ZInput file must be a vave filu =/

stxatr(axt, *"wav®) == NOLL }

- Page 110 - Docket No.:



2

m

m

7]

Bz .2

0g ExE85

ggé%g%?ﬁ
gtmss

@ fgsEr
é%mou

Egos;g

Z 8ES2s

7 29885

g @

=

v

o

e

=

10

12

13

14

20

21

22

24

25

26

119

5,640,490
120

Exrorandler( Badlnput¥ile, clo.iuputpath ),

/* Process non-ps and non-vbss files -/

if { toupper(*file} 1= 'P' &
stratr{file, *VBSS®) =a NULL &t
stretr(file, "vbas®} == NULL )

{
clo.vbaarlag = 1,
fomerge( SoundPilePath, drive, dir, file, ext |,
if 1 findfiret! SoundrilePath, &££51k, 0 ) (a 0 )
return;
do
{
ProcaxsWaverile{Scundrilerath},
} while ( findnext(affblk) == 0 12
Tetun;
}

/% Process ¥5 tiles =/
alae iz { tovpper(*file) == ‘P! )
{

if { strlen(file) == 8 )

strocpy (sound, &file(2], 3),
strocpy (persen, &£ile(5], 3),
alze if ( strlenifile) = § )

stracpy (sound, &filel2], 3),
stropyipexson, *v77°);

}
wlse
{
stropy(sound, "227%);
strepy (person, =777-],
}
it { clo.gnfleg == ALL && clo.saflag as ALL )
{
apristi{file, "P?X%lskix", scund, person),
fomerge( SoundrilePatn, drive, dir, file, ext );
42 { 2indfirst( SoundPilePath, &LZDIK, O ) la 0 )
Teturn;
do
{
‘strncpy{ file, £fblk.f2 name, 3 );
stxacpy (tap, sfilefal, 3);
SoundNumber = wtoi (tmp);
stracpyltmp, &filelS], 33,
PergonNuzber » atoiltap);
famerge( SoundFilePath, drive, dir, file, ext );
ProcessWavePile (Soundrilepath)
} while ¢ Zindnext (&ffblX} wm 0 };
}

alse if ( clo.paflag = ALL && clo.anflag == SONE )
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for { 4 = 01 L < MAX_SOUNDS &k €10. soundnumbers (1] fe 0z 44 )

{
sprintfifile. *PI%03dXs", clo.soundausders [i1, person);
fomerge( SoundrFilePath, drive, air, file, ext ),
if ( Rinafirst( JoundFilePath, &LIDIK, O ) 1w B )
Teturns
do
{
strncpy{ file. £fblk.££ name, 8 ),
atracpy (tep, &filei), 1))
Soundiuxbar = atoi(tmp);
strocpy (tmp, Lfile(S}, 3};
PerscnNuzber = atol(twp}:
fomerge( SoundrilaPath, drive, dir, file, axt );
PracesaNavarile (SoundeilaPath) ;
} wbile { findoext(Effblk} =« 0 3
}

«lse it ( clo.pnflag ee SOME &G cla.suflag == ALL )

4

{

alo.persconumbers(i));

for [ 4 - 0) i < NAX_PEREONS && clo.parsoscumbera (i) 1= 0y i+4 )

{
sprintf{fila, “P243%03d", sound, clo.personnumbers (1)),
famarge{ SoundFilePath, drive, dir, file, mxt };
if { €indfirat( JoundFilePath, &££blk, 0 ) = 0 )
Teturn;
do
{
stracpy( file, £2b1k.2f nase, 8 ),
atrucpy (twp, &fileld), 3},
SomdNumber = atol{tsp),
atrncpy (tep, &2ile(5), 3),
ParsonNuxber = mtod (tap),
fnmerge! SoundFilePath, drivae, dix, file, axt );
ProcessWaverile(Soundrilerath);
} wbile { findnext(&frblki == 0 ),
}

©lse if ( clo.paflag == SOME G clo.saflag =« SOKE )

for (1 = 0; 4 < MAX_PERSONS && clo.personnumbers(i] (= 05 144 )
{

for (3 = 07 1 < XAX_SOUNDS && clo.soundnumbers(3] f= 0; F

{
sprintf{file, *YP?%03a%x034°, clo. soundnumbers {J] .,

fonerge( SoundFilePath, driva, dir, file, axt ),
i€ ( findfirst( SoundFilePath, &22blk, 0 )} fe 0 )
Teturns

stracpy( file, ffblk.2f name, & );
atrmcpy (twp, &filefll, 3),
SoundNumber w atoi (tmp),

stracpy (bmp, &fila[5], 3);
PerwonNumber » stoi(tap);
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Inmerge( SoundFilerath, drive, dir, file, ext ),

ProcessWave¥ile(Soundkilapath):

}
}
}
Teturn)
} /* End of P8 fila processing ~/

/* Process VESS files =~/
else if ( stretr(file, *VvESS®) 1
strstr{tile, °vhas®} )

{

clo.vbesFlag = 1y

if { serlen{file) == 8 )
stxncpy(parson, &fils{s], 31,

else
Btxcpy(person. *727%},

4f ( clo.pnflag == ALL &4k clo.anflag e ALL )

{
sprintf{file, "VBSS0%3s", person);
fomerge( SoundPilePath, drive, dir, file, ext );
if { findfirse( SoundFilePath, &f£blk, 0 ) 1u 0 )
Teturn;
do
{
stracpy( file, £fblk.ff name, § ),
Sstrucpy (tnp, &filel5], 3),
FersonNumbax » atod [tmp);
fomerge( SoundrilePath, drive, dir, file, ext };
ProcessMaveFPile(Soundrilerach);
} while ( findnaxt(&ffblk} =a 0 }a
}

alge if ( clo.pnflag =« ALL && clo.snflag = JOMT )
{
sprintfifila, *VBSSOX3z*, parson);
famerge( Soundrilerath, drive, dir, file, axt );

4f | £indfirst( SoundrilsPath, ffblk, 0 ) 1= 0)
Taturn;

do
{
Wstrocpy( file, £fblx.2f nane, % ),
frmerge( SoundPilePath, drive, dir, file, ext }:
atrnepy(tep, &filels), 3);
PersonNunber = atoi{tmp),

for { i = 0; i < MAX_SOONDS && €lo.soundauxbers [i] = 0; j4¢

{
= clo. (if:
whila { GetvBSSInfol() )
ProcessWaverile(Soundrilepath),
}

} while ¢ #indnext (&£fblk) == ¢ ),
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elze if { clo.pnflag =» SOME &6 Clo.snflag == ALL )

for { i = 0; 1 < KAX PERSONS &k clo.pexsonaumbers[i] = 0; i++ )

{
sprintf(file, "VESS0%01d~", clo.parsennunbersfi));
= clo 141,
fomerge( SaundFilePath, drive, dir, file, ext );
ProceasNaverile(Soundrilevath) s
}
}
elye if { clo.puflag =« SOME &k clo.safleg == SOME )
{
for (4 = 0; 4 < MAX PERSONS &k clo.personnumbersti) [e 0} dew }
{
aprintf(file, *VRS3DX034*, clo.personnumbers{i));
= clo i,
fomerge( SoundFilePath, drive, diz, tila, ext ),
€or { 1 = 07 ) < MAX_SOWMDS && clo.soundnumbers(3] 1= 0, jot
)
{
- el [SER
while { GetVBSSInfo() )
ProcessWavePile (SoundFilePath);
}
}
}
raturng
} /* Rod of VRSS file processing 4/
}
/ & .
WAMR « TempConvertDSP2030
DESC: Couvert betwaen the dap's higgins list wnd the 68030°s.
D
OTT:
RETURM :
NOTBS:
*XND_NEADER! !
vold TempConvertDSP2030( DSP_HIGGINS *pDSPHList. int dwpMaximpl, struct BYGGINS *pEiggins, int
*piaxiopl )
{
DSP_NIGGINS “pDSFNode)
struct EIGQINS *pHode;
int i;
/* Take care of the easy stuff first ¢/
*pMaxinpl = dEpHaxAsgl)
pD3PNode » pDSPHELimt;
Piode = pRiggios;
for (1 = 0; 1 < NunberOfNodes && PDSFNods && pNodes 1+4] {
CPY_SHARED_BIGGINS ( pNods, pDSPNeds ),
pNode-»loc = § * 256; /* for old time sake
~/

pDSPNode = pDSENode->next;
pNode e pMode->next;
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FYTTPESN

/*FUMCTION KEADER®:

HAME LookAtHiggins
DESC: The event handler for the Sound Recognitinn engine.
™y *pCompressedList - ptr to a RIGGINS 1list with only the pmi and quiet

noden 4n it.
*pEiggins - ptr to & f£111e4 iz higgins list.
:axkapl - The valus to go in the global KaxAmpl on our zide.

ouT: none

RETURN:  none

FOTES: *pHigging iz nesded only for debugging.
X, XX /

void LookAtHiggine{ struct EIGGINS *pCompressedlist, struct XIGAINS  *pHSggios )

{
struct EIGGINS +frame = HOLL;
int i, flag, rowcnt = 0:

if [ clo.testmode )

{
printf (*\nDecowposed the signal for:\n®);
42 ( IChackLinkedList( pHiggins } )}
printf("Linked 1ist is homad\n®);
}
$4taef CRT
12 ¢ clo.testmode )
{
it ( iclo.biggout && lclo.mgl )
PrintFrmats( pHiggins )
I~ WavrileInfoout( phiggins }; */
}

i2 ( clo.aql )
PrintAQL{ pHiggins )z
1f(co, higgout)
StuffHigginsToDisk{ phiggink }; /° Ouch! that must hur

#endif

#dafine  SHOW_PHONS
#ifdef  SEOW PHONS
Printf(*\o\nWe found:\n*),
/* Coly process the compressed list ¢/
#ifdef  PMIS oMLY
frame « pCompressedList;
Halse
frama » pCompraasedlisk;
trame = phiggins,

/* to shut up compiler */

#endis
xowcnt e 0,
while (fraxe t= NULL && fram¢->type 1= °N*) {
YOWCDL4+)
#ifdef  PMIS_ONLY
if (1 frame->poi 1 {
frapa = frame->nexty
continue;

Wendif

for (flag = i = 0; i < MAX POSSIBILITIES; i++} {
if ((frame->pascii[i].p le UNRNONN_PATE) &&
(frame->praciilil.p 1= 0}) {

iz (4 1= 0)

printe(~\te),
priots (*#%d*, frame-spasciili).p ),
printf{* %", pascii[frame->pasciilil.pl )4
printf(" Xd\¥", (int)frame-»pasciiii).c );
Llag+er
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12 (flag)
Print2{"\n*");

1f (rowent »= 23} {
AiZdef  WOT NOW
priatf(*Pzass Any Xey To Continue...?};

gatcrar();
fendit
rawent = 0;
}
frame - frame->next,;
}
Pendisx

¢ifdef FEDERATION
GiveToTrol (ipCompranssdList];
#endif

* Procasa¥Waverlils - Do Sound recognition on a given vave fila.

/
void
ProcessMaverile(chbar *WaveFile)
{
int KaxRapl,
int Dumptsy
PILE “fptry
#iZdet CRT
if ((fptx = fopen{ WaveFile,"rb*)) w=e RULL)
{
Priati("<¥d> Couldn’t cpan Wave File %s\n®,
(int)fpetr, Waverile);
raturn;
}
it ¢ clo.debug )
printf£{ "Reading file %=\n", Waverilm ),
#endir
#ifdaf CRT
1£ ( clo.sownd )
Playfila( Wava¥ile I;
printf( "\n\nTesting Permon %4 -~ Sax: %c Age: ¥d -- Sound %d} wm: =,
PexsonNusber,
subject [Pexsonkimber] . sex,
subject ([PerscoNumber] . age,
SoundMumbaer,
(SoundNumder < 118 ? pascii[SoundRumber]
*Unknown”) ),
#endiz

Xicrobes » ncalls w 0
Tead_hsader (fptr),

/* Seak to the stavt of the selectad sound data =/
faeek(fptz, (clo.franeloc * sizeof (int)), SEEK_SET);

. /* These will already be setup oz the DSP. They will point at Qifferent
sreas in memory depending on which buffer is baing worked on. Tharefors
thay should bs passed to Dacomposa. »/
if ((pRawData = {int *}calloc(HANDATASIZE, sizeof(int]]} mw NULL ) {
RrrorNandler( OutOfKemnry, "iu dsplaitialize on PpRawDatan* |;
raturny
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/* Initislize Memory for the filterad dsta v/
4f {{pFiltersdDats = (Zloat *)calloc(RANDATASIZR. sizeof(flcat))} a= NULL | {
Exrorfandler( OCutOfMemory, *in dspInitialize: on pFilteredData® };

~

}

retumm;

* Initialize the DSP stuff, telling it whara it should put the

132

filtered data: ie whers Bach can have a acratch area, =/
if (aspInitialize( pFiltersddata }1 {

Teturn)

/* Initialize the Sound Recognition Rogine */

it ¢

}

/% R

sralnitialize( LooXAtXiggins )) {
Teturn;

4ad 10240 inta buffer */

while ( (muspts = read vav{fptr, pRawData)) i= 0 ) {

sxeC.
aspc:
12

}

if {

)

/* Send the raw data off to the routine which mimicka the DSF */

dspProcessBufier( pRavDats, nuspts )

/* Convert frem DSP higgins list to 68030 higgins list. Things
are contained in the globals: pDSPAList and dspHRXANpPl. */

{ PDSPELiat,

1, pSRXELAst, &Maxhmpl )7

/¢ Send the Riggins structure and the Maximpl calculated on the DSP

to the 68030, */

sreProcessNiggins ( pSREIEList, Maximpl };

/* Eod of While{ read wav} */

LeanUp{)
leanlp{);
pRavData) {
fxee( pRawData ):

pPilteredData) {
fres( prilteradvatz );

/

* GatWaveFila - Get a wave filename interactively or craate
* ons using the microphone.

char *

GetNaveFile {void)

{

chaz

=g,
*NaveFile;

if { (Naverile = ichar *)malloc(MAXBUFFER)) =e NULL }

Ie
it (
{

le* )y

lex( . Mz

If an input file nams i» mot ipput on the commend line

then get it interactively. +«/
I tAotMic )

printf(™\nEnter the file spec to the sound files.\n*

" (Wild cards ara supported -- I.E. Gi\VOICE\SS*.WAV )\n*
*(Press <ENTER> to create & wave file)\n");

priotf(*\nlaput file: *);
gets (Wavarile’,

while [ {c = stratx(Waverile, "\n"))
"o o= N0
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1f ( fMotMic || Waverile[0] == *\0'}

{
fHotMic = TRUK;

#if defined (DOS)

stxcpy(MaveFile, “ci\\sratasp.wav®};
apawnlp(P_WAIT, *Das.axe”, *pi XY, "set", "volume®, *to", *0*, NULL):
2pawnlp (P_NAIT, “pas.exe”, “pas.exe”, *set*, “mic®, =tov, *100%, KULL},
Temove (WaveFile))

printf{*\uPress a Xey to start recording, then press  [Kyc] to stop.\n*);
getek(}y

spawalp(P_WAIT, "recfila
Drintf("\n\tFrocessing, plesse wailt . . .\n%);

spawnlp (P _WAIT, *pas.exe®, *pas.axe", £, "mic®, "to%, *0*, NULL},
SPAVRIP(P_¥AIT, “pas.exe*, “pas.axe”, *set®, “volume®, “to’, *100*, WULL};

"reacfile.exe®, Mavarile, "16 r44100 -u=, NULL) 4

A PROFESSIONAL CORPORATION
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fendifr
returs HaverFile;

}

#itaes FEDERATION
vaid GiverileToXlrond (char huge *SoundFilavath) {

it { (vb_data = (int *)malloc(VBDATASIZE+sizeof (ink))) == WOLL }
Zprintg(stderr, “Out af memory while trying to malloc vb_data\n®);

axit{0);
4

InitCommandlinedptions (sclo) )
clo.sound = FALSE,

elo.testmade = FALSK;
BrocessNaveYile(SoundPilePath) )

1f (vb dats 1= WULL) {
frae(vb_data);
vb_dats = NULLs
}

42 (clo.inputpath le MULL)

{
fras(cle.ioputpath);
¢lo.inputpatk - NULL;
1
}

Sendit
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/+C_HEADER_PILR

PILE : dspinit.c
DESC i Initialization and Cleanup routines for routines on the DSP
TABS i 3

OWNER + Brent Hale

DATE CREATED: 27 Oct 1934
Copyright Synargetics 1393, 1994

¥arnisg Confidential Matarial
Property of Synergetics

Copyright 1993, 1994 All Rights Reserved

SYNOPSIS: Initializes things on the DSP side.
END 7

#include “synergy.b*
#include “dspeng.h*
finclude “dsp.h*

Yinclude “evaltd.h®
§include “errors.h®

/ Global Data 7
GLOBAL iat *pRavData « {flost *)0;
GLOBAL flomt *prilteradDsta = (£loat *)0s

GLOMAL DSP_HIGGINS <pDSPHList « (DSP_BIGGINS +)0)

GLOBAL int dspXaximpl = Or
J*FUNCTION_NEADER®##4 4 hhasssaasboonnons

FAME: dsplnitizlize

DESC: Initialize memoxy £0r ume oo the DSP,

Ix: mone

oUTs none

RETURN:  ALL OK on sucoess.
non-zero on failure,

NWOTES: Initizlizes sverything on the DSP sida.
*1D 3 /

iot daspInitialize{ float *pOutputBuffer }

{

prilteredDats = pOutputduffer;

/* Create the Higgins List for use while on the.DSF */
1 ¢ . GPDSPELiNE ) lw ALL OK) {
return 1, /* Coulda't cxeats the list. =/

/* Initialize ameory in evaltd.c ¥/
InitTimebomain{))

return ALL OF;

}
/*PUNCTIGH_READER®*#svansessensseanenny
dspCleanty
Clean up any mamory issues in the Scund Recognition Engine
none
none
RETURN: none
NOTES:
“«END_} /
void daspCleanUp( void )
{

if (pRawDatx} {
free{ pRawpata }:
pRawdats = {int *)0:

if (priltexedData) {
fxan{ pPiltersdaDats |;
pPiltereddata « {int *)0;
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CleanUpTimeDomain(};

FreeDSPEigginsList( pDSPEList };

PDSPEList = {struct HIGGINS *)0;

Docket No.: 13217.2
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/9C_BEADER_PILE:
FILE + dsphig.c

DESC Routines to create the higgins structure on thm DSP chip.
TABS : 3
ONNER : Brent Eale

DATR CREATKD: 4 Oct 1954
Copyright Synmergstics 1953, 1894

Warning Confidantis) Matarial
Property of Synargatics

Copyxighk 1933, 1394 ALl Rights Reserved

SINOPSIS K

END_mEADER /

#include <stdlib.h>
#include “dsphig.h®
kinclude “ezTors.h"

/ {_ERADER
NAME: CreateBIFRigginaLint

DESC: Craats & list numOfNodes long and return it

IN: nundfNadag - numbar of modes to have in tha list

ouT: **hdrNode - ptr ptr to return the beginning of the list back im.

RETURN:  ALL OX 1f the 1ist was created alright.
OutofMemoxy if I cquldn't get the mamory needed.

NOTES: on the DSP, we want this lizt to ba conktinous in memary to
facilitate the writing of it acroms to the €8030 so it Lus to ba
different code than the 64030's crsation of the higgins lisk.

KN _HRADER' /
it ixt{ int DSP_BICGINS **hdrNode )
{

int i

~hdrNode = (DSP_HIGGINS +)calloc( mumOfNodes, sizeof (DSE_EIGGINS))s
if {*bdzNode == NULL} {
lex( “tn i -
raturn OutOfNeacry)

/* Now hook up tha ptra ¢/

{*hdrNode} ->next = {*bdriode)+ls

for (i = 1, i < nuabfNodes-1; is+ ) {
{{*hdrMode) +i) ->next = (*hdrNode}+i+l;

(X i) ->prav = { +4-1;

}

4 +1)->prev = { -1,

return ALL_OK;
}
/ | HEADER:
NAMR 5 FreaDsPHigginalist
DXSC: Free the menary used for the DSP higgina list.
N, *ndrNode - pir ko w node to begin deleting at
ogT:
RETURN:
HOTXS ¢
~nm 3 /
woid PresDSPHigginsList | DSP_RIGGINS *hdrNods )
{

/% Maka purs its not null */

if ( bdrFode (= NULL ) {

free( hdrNode );

}

}

/APUNCTION NEADER®**sasnnenvanuessnsass
RAMR: ClearDSPRigginalist
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/* Macro declared in dsphig. h to zero out culy the shared portion

Since the only other fialds are Lhe

“naxt and *prev ptrs (which I want to resuin intack) this works

DR3C: Clear the values in the nodes.
b8 *hdrNode - ptr ptr to the hesder of the linked list.
ouT:
RETURN: Ncne
WOTR3:
“D0_EBDRR aenay
vold ClenrDSPEigginslist{ DSP_HIGGINS *hdrNode )
{
DSP_HIGGING *pNode;
/% Initialize the 40 nodes that we will be over writving +/
pNode ~ hdrXode;
while (pModae 1= NULL)} {
©f the DSP_RIGGINS structure.
grast. */
CLEAR SMARXD_NIGGINS{ pNods )7
pNode = plode->next;
}
}
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/*C_HRADER_FILE!

FILE
DESC
TABS
OWNER

: dapeng.c

¢ Routine used on the DSP to process tha Input data.
+ 3

: Brent Hale

DATE CREATED: 27 Oct 1394

Copyright Synergetics 1993, 1994

Marning Confidantial Materisl
Proparty of Syawrgetics

Copyright 1933, 1994 All Rights Reserved

8YNOPSIS:
SEND /
#include *dspeng.h*
#include “bach.h”
¥include “avaltd.h®
#include “daphig.h~
/ Exteros /
/ |_EXADER:
HAxx: dFpProcessBuffer
DESC: Processes cne Chunk of data through the DSP based code.
e *pBuffer - pPtr to data to bs processed (Mav information)

numpts - The ousber of data elements pointed to by pRufferx.

oUT: **pHiggins - ptr ptr to raturn the ptr to the higgins list
RETORN: ALL_OK - cm muccess

arror # - on failure.

The higgins list initislized in CreateEigginsList() gets setup

with the 1 and im in

Thix routine wimicks what will be bappening oo the PSP. It will

ba used during vhen debugging without the DEP.

7

/* Ooly when we ara cn EARDNARX should this assigmmant

/* Calculate Ls, Ld, zcr and the node type (Voiced, Unvoiced,

Quiet] for avary node in the list and

t the node location

and size. This will be in C an the DSP. =/

EvalTimaDomain{ pRawDats, pDSPEList, &dspMaxiupl };

EvalTimeDomain{ pRawData, numpts, pDSFEList, LAspMaxAmpl )j

/* Run the Bach analysis cm the voice data. This needa to be

braxen up. The filtering will be dona in assesbly.

~EXD_EEAD
*itdet EARDWARE
int dspProcessBuffer{ int pInput }
telse
int dspProcessBuffer{ int *pInput, int numpts |
#endif
{
do anything meaningful, */
PRavData = pInputy
/* Clear aut the Higgins Liat */
ClwarDSPRigginsList( pOSPRLiat };
#ifdet EARDWARE
#alse
kanase
will be in C. */
#ifdef  HARDWAREZ
Deccaposaf);
delan
Daccepose! ovapts })
#endit

ratura ALL_OR;
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. -~ lo.,c --
* Copywrite Synsrgetics 1993
~ Written hy R. Brian Moncur

* Dmte: 12/15/93
* Varslen: 0.1

#include <io.bs

#1include *dsp.h*
#include “errozs.n*
#include “bach.h®
#include *wavio.h"
#include "dspeng.h®

unsigned char har[44];

¥izndef NOCLO
extern struct COMMAMDLINE clot
doudit
axtern int SoundNumbez,
PaxsonHumber,
MaxAmpl;

extern char DuspPathtl;

/* Local Prototypes =/
int file exists(char *filaname);

/
¢ FindextNumber - Incressnt past a pumber in the buffer
* and up to the next nunber,

int

while( {**putter l= ’\n!) &&

I~

(**butfer = '#') &&

comment zecticn */

lisspace(**busfer) )

the current number */
{*buffer] ++;

while( t*=buffer I= *\n'} &k

{**butfer S« '#') &&

isspuce (**buffer) )
nuaber */
(*butfex) ++1
12 { isdigit(esbuffer) || =*buffer == ’.' }
return 1;
else
zetura 0;
}
/
* read_header: Read a wav file header
7
void
resd_header (FILE *fptr)
{
fread{bdr(0}. sizeof(hdrl(0]), 44, fptr),
}
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* resd_wav: Read a wav 2ile

4
int
read wav(PILE *fptr, int *pBuffer}
int ne0,
nuR;
4ifndet NOCLO
elo curbuffloc = clo.frameloc)
if ( clo.frsmesize )
{
it ( clo.frameloc =« ¢ ) /* Close the file mnd stop if you're done
{
fclose(fptz);
ratura (0)
}
if { clo.framesize <= {SHOSIZE = 10) ) /* Doa't try to read move than 10240
saxplas */
awm w {int)clo.fxsmesize;
else
nue = SKGSIZE * 10)
42 ( clo.framasize > (SEGSIZE ¢ 10) )
{
©10.framesize -= num;
¢lo.frameloc ¢s nun;
}
elsa
clo.frameloc = 0;
K
elae
{
Dum = SEGSIZE * 10;
clc.fxemaloc +e num;
}
felaa
num » SEGSIZR *10;
#anaif

un « freadi{pBuffer, sirxeof{int}, num, #ptr};

if (o == 0 )
felona(fptr) )

#ifnde? MocLO
if ¢ clo.debug ) .
prints (*\n\ \oAd data poiats zead\z®, n);

Wendig

return n;

#ifdef CRT

7

* OutputTiseDowain - Given the time domain data
* and a frame structura. Write the time data for
* that frume to » ZFile.

voia
QutputTimeDomain{int *data, int loc. int size)

PILE *pPile,

char filenama{128);
int 4

atatic ink count,
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sprintf(filaname, "%3\\td%03d%03d.%03d". .

152

if { {prile » fopan(tilename, “w*)) == NULL }

(

fpriatf (stderr, *Can't opsn filw %»\n", filezame);
return;

for { 1 = lac; 1 < (loc + sixa); i+4 )
fprintf(pFila, "\d\n®, data([i]);
fclose (prile) s

}
#enait

¥itdet czT
/

MavPilaInfoOut
Desc: Cutputa the Wave file info in ASCII form. Does this by Micrcbae.
In: HIGGING YPramsitart
Out)
Ret:
/
void WavFileInfoOut{struct HIGGINS vFrameStart)
(
struct EIGGINS *Miggins;
Af (clo.wavout)
{
Higgyins = FramaStart; /* 3et to start of lixt =/
i {DumpPath[0) == O}
{
strcpy (DuspPath, “ci:\\dump®);
}
whila(Xiggins) /* Ax long ma wa have valid structs +/
/% Now we output the info */
QutputZimeDomain (pReawData, Higgins->loc, Higgins->size);
Aiggine = Riggina->next)
H
}
b
Hanais

#ifndef NOCLO

* GetVE3SInto -

int
GatVBSSInfo{void)
{
static FILE *fptr;
char £ilennms [KAXBUZYRR],
*string,
paty;

it ( (string a (char *}nalloc(MAXBUERER + 1}) ae NULL )
ExzorHandler{ OutOfMwmory, "in GetVBSsInfo® )i

/% Dom't recpen the file 42 it is already opan ¢/
Lf ( fptr == WULL )
{
if ( £1lw_sxistz(“word_loc.txt®) )
default location */
strcpy (filavama, "word_loc.txt®)
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else if ( Elle axists{“c:\\word loc.txt"} ) /*
strepy (filename, “c:\\word loc.txt®]:

alze if ( 2ile_exists(®ci\\devi\dict\\word lee.txt=} }

154

strcpy (filenana, "c:\\devi\dict\\word_loc.txt®);

alze
TrroxBandler{ FileOpen., "in CetVBASSInfo® ),

if { {fptr » fopen{filenamm,’T"}) == WULL }
ErrorSandlar{ FileOpsa. filename })

check xoot */

}
/* read through tha fila until wa find the person and sound we wast «/
while ( fgets(string, MAXSUFFER, Iptr) te NOLL )
4
PItT = string; /* atore pointer to beginning of string

while {isspace(*patr)) /* SKip ovar any white space.
DRLL++)

if ( mtol(pstr] we ParsonNumber )

{
FindMextNumber (spstr);
iZ { atoi(patr) == SoundNusber }
{

FindNextiumber (spatz};
clo.framaloc = atol (pakz),

FindNextihmber (spatr);
clo.framesize w atol(pstr);

free{ string J;
return 1

fraa{ string };
fclose{ fptr );

2 digit person numbers
FindNaxtWusber assumes thet You're alresdy oo a number. o/

fptr « NOLL;
Traturn 0;

}

Hendif

#1ifdef CXT

/

Find Sound

This function will return the PAICIT value for the the person and location.

in: int Parson Number, long Location ia vbss file.

out:

Return: int PASCII value if found or word number.

int FindSound(int Person, long Location)

{

locatien

FILX *fEandle,

char filename[MAXRUFFER];

<har buffer[25¢],

dat wa = 0, #a, po, 1, j. c, ibytes, flsg, BufflLen;
long locStart, lacEnd;

4f { 2ile_exists(*word loc.txe®) )
./

strcpy (filename, “word_loc.txt™)

elze 1f { file exists{®c:\\word loc.txt=) ) /* check root
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strcpy (filenams, *c:\\word loe,txt=),

alse if { file exists{*c:\\dev\\elroad\\word loc.ext") )
strcpy (filenama, ®c¢:\\dev\\slrond\\word loc.txt=);

alse
{
strcpy (filename, *word_loc.txt®);
ErrorBandler{ FileOpen, filenama );
}

2Handle = fopen(filename, "r"};

1£(1¢Handle}
grrorHandler( FileCpen. filename );

/* Now we stazt parsing the file looking for the pezson wusber. */
a0
while(l} /* Read data into the buffer +/
{ .
iBytas = fresd(buffsr 3 ¢, sizeof{char), 256 - ¢, fEandle),
flag « 0;

BuffLen = ¢ + iBytes;

/* first wa chack for leading white space */
for{i = 0; (buffar[i} == * *} || (buffer{i] == '\t'); i¢+);

/* How wa lock for the parson number */

for{;, (buffex[i] f= * ') && {buffer[il 1= '\t'}; 144); /* aearch for space
just after person number.~/

buffer[i] = 0; /* Rull terminate it,*/
Pn = atoilbuffer), /% Convart it to an iat */
if(pn we Pexasom} /* Do they match? */
{

/* Yas they do */

iy /% skip the null =/

/* Mow mcen forwaxd until we find a non white space char. */
tor{,buffer(i] ee * '3 144);

3 -4 /* wark start of the seund mumber */

for( (buffer(i) 1= * *) &b buffar(i) I= '\t's f+e), /¢ sean to
end of number */

burfer{i++) = 0; /* Rull terminate it */

2 = atol(buffer + J}; /% gat the sound oumber =/

for(;{buffer(i] e= ' 1) || (DuEfer(i] == '\t'}; i+4}; /* mcan kil mon
white space */ :

§ =4

Zor(s{bufferfi] i= * '} &k buffer(i] I= '\t*; i++); /* scan to

end of number ¢/
buffer(i++] = O /% Anil tarmicate it °/
locStart = atol(buffer + J); /* get location */

Zorisbuftex{i] we * *; d44); /* scan %il non white space */
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if (£lag)

158

14

for(s (buffazr{i] 1= * *) &k {buffer(i]l 1= 10) && (buffer(i] I= NEY)

/* scap to end of aumber */

if (buffer(i) =a 10)
(

flag » 1,
H

buffexii]l « o; /% Null termisate it v/

locEad = atol{buffer + j) + loc3tart: /* get end of scund */

/% 15 the

if{{Location >e locStart) && (Location <= lacEad}}
{
/% Yep it i3 #/
if{sn > 200} /* did wa £ind it in a word? +/
WD = an;
}
else
{
fclose (fXandlel
raturn (an},
H
}

buffer{i] = 10;

- /* now gean for the and af the ling */

for{sbuffer{i] lw 10 && i < BuffLen; i++);

1+4) /* akip the line faesd */
if(i < BuffLen)
{
© = BufflLen - %
ssomova(buffer, buffer + i, ¢l
}
else
(
break; /* at end of file =/
)
}
fclose{fBandle) ;
cetwrnima} )
)
#andis
/ /
inr
£ile exists{char *filename)
{
Teturn (access(filename, Q) == 0);
}

#1Zdet CRT

7

PrintFrmmts - Friot formasts to a fila.

void PrintFrmats{ struct HIGGINS *fimstart )

(

static char FrmtMode = ‘w'y

wstatic int
int

i,

firstTime = 15

soundavaber)
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char filenama[128],
FrantrileNane (23] = "formanta.dat\0")

atruct EIGGINS “Zrame;
rILE +fptr = NULL;

/% Write out the formants list formants.dat */
aprintf( filenams, *Xa\\Xs\D", DumpPath, FrontFileNsse };

4f { Fratlnde == ‘w® )

{

fptr » fapen( filenswe,
Yrat¥ode = ‘s*;
fprinef( fptr, *Person Sound Loc Size LS SumSlops PMI Max V/u Fohxpl Po *);

™)

for ( i = O i < NPILTRRS; ie+) {
tprintf( fptr, *Fva %, 1 })

}

for { 1 = D; 1 < NFILYERS; i+s} {
fprint( fptr, *Axd *, 1),

}
fprintf( fptr, °PL Plc B2 P2c P3 Plc P4 Pdc R5 BSc™),
fprintf{ fptr, “\n"))

alse
fptr = fopen{ filename, "a® },

if ( fptr e= NOLL }
fprint2{ stderr, *Error opening %s®, FrmantFileNaze ),
exit(0);

frame = frmytart;

/% Take care of first row in the formants.dat file so that minitab
doesn’t think that all the columns are alpha columam */

if (firstTime)

{

i ( -0 ] > 137 )

- { » GetFil ( Exama->loe )},

wise
scundousmbear e SoundNumber;

fprintf{ Iptx, *%3d %34 %31u %3d %53 %5A %54 45d A5cC %54 %%5a-,
PerscnNusbax,
soundnumbar,
GatPilelocation( frame->lac ),
f{rame->size,
frame->Ls,
2xame->3umSlopm,
fxame->pmi,
KaxAmpl,
frama->type,
frame->FoAnpl,
frame->P0 };

for { i = 0; i < NPILTERS; i++} {

fprintf( zptr, * %54°, frame->ffreq(i) ),
}
tor (4 e O; £ < NFILTERS, i++] {

fprintf( fptr, * %5d*, fzame-samplld) ),

}

for (i m Or i < MAX_POSSIBILITIES; i++) {
Spriakf( fper, * ¥5d ¥5d°, frame->pamciili].p, (dmt)irape->pascii(i].c
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fpriatf( fptr, "\n* ),
ITARE = frame->nexts

while { frame |= NULL && Izrsme->typa Ie 'N' )

#ifdef  DONT_DO_QUIETS
Lf ( fcame->type =a ‘gl )
{

frame - frame->next;

continues
}
$andiy
i ( e 0 |} > 127 )
= ¢ Getrilelocation( frama->loc )),
alge

soundnumber = SoundNumber;

fprintf({ fptr, "%3d %34 %3lu %34 %5 454 15d ¥5d %5c x5d xsas,
ParsonBusber,
soundnumbaz,
GetFilalacation{ frame->loc ),
frame->size,
frume->Ls,
frame->sumslope,
frame->pai,
Kaxampl,
£xama->type,
frama->Folupl,
Lrama->Fo );

2or (i = 0) 4 < NPILTRRS; 14+)

{
if (frame->Efreqiil}
fprintf{ fptr, ® %54°, frame->ffreqli] ):
else
fpriatf{ fptr, " 43a%, mew ),
}
Cor (1 = G 1 < NPILTERS; i++ )
{
12 (frame->ampl(il)
forigrf( fptr, * %547, frame->ampl[i] };
else
fpriotf( fpEx, ™ %54%, =e= ],
}

for (i = 0 i < MAX POSSISILITIES; 144} {
if (frame->pascii[il.p == UNKNONN_PATE } {
fprintf( fptr, * %8¢ ASct, 1, 'ev ),
}
else {
fprintf( fptr, ° %5d 54", frame->pascii(il,p,
{ink) frame->pawcii{i).c };

)

fpzintf( fptr, *\n® ),
frame » frame->next;

}

folose (fptx);
firstTine = 0,
}

Sandig

#1fdet SPECTRUM

7 _BEADER:
oK : OutputSpectrumbata
DESC: ¥Write out to a file tha spectrum data
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/* Will append from

-/

INy *pHiggiss - ptT to the head of khe higginm list
0uT:
RETURN s
NOTES:
x| /
void CutputfpactrumbData({ struct FIGGINS ~frmstart }
{
static char PrmtMods = ‘'w')
static dot timeIndex = 0y
int EY)
char Eilaname [128],
Spsct¥iledame[13) ~ "apacto.dat\d®,
int filterCentex)
atruct EIGGINS “fraves
FILR *fpkr = NULL;
/* Writs out the formants list formants.dst =/
if ( clo.testncde )
{
sprintf{ filenama, *%s\\X3\0", DumpPath, SpectFileName };
1f { Prmtiéode == 'w’ )}
{
fptr = fopan( fileosme, *w® )y
Praticde « ‘'a’,
now on */
/¢ Write the firat line out to the file +/
fprint2{ fptr, "Tine ¥C Avg\nTj g
}
slze
£ptr = fopan( filansme, "a* };
S£ ( fptr == WOLL )
{
Zpriatf ( stderr, *Krror opening %s". SpectFileame };
axit (0},
}
frame « frmatart;
/" Take care of first row in the formants.dat file mao that minitab
dossn’t think that all the columns are alpha columns
while ( frade |= NULL & frame->typs i= 'N°) {
/* Doe't do the overlapping nodes */
if (fzame->loc >= 0) {
£ilterCanter o 0
foxr {4 = 0; 1 < 52) 144} {
fprintf{ fptr, “x5d ¥6d X5d\n*, timelndex,
24 , L ualil 3y
if (filterCester < 1600}
filtexCenter +e 100,
alza
filterCenter += 200;
}
timeIndexe+
}
frame = frape->next;
}
fclose(fptx},
}
3
Sendds
#ifdef  CRT

/*FURCTION_NEADER*##4ssssssave

MAME

SetupDutputPile
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DESC: Open a file and get it ready to writm eut ta.

IN: *prilename - file nanme to open in the dump directory
ouT:

RETURN:

NOTES: The callisg Foutine is reaponsibla for closing the file.

The £ile name should be just the 3.3 filename. It will
90 in the DuapPath ¢:\dump.

B _) /

YILE *SetupOutputFile( char *pPilename )

char 2ilenane{123];

PILE *fptr » WULL:

sprintf( filsname, “%a\\%E\0*, DuspPath, prilepame );
Iptr = fopen( filename, "w* §;

if ( Eptr == NULL }

{

fprint?{ stderr, *Errer cpeming \s®, prilenaue };
}
return fptrs

}

#endif

tifodat NOCLO

/ _t

RAME : GetFileLocation

DESC3y Return the absolute 2ile pasitica given a Niggins frame-sloc.

IN: A frame->loc value,

oUT:

RETURN:

XOTES: There will be times when the curxent framw is quiat mod the location
for that frame will be Xerc. Xather than return curbuffloc lats
just raturn the previcus file positica.

2D /

long GetFilelocation{ {at loc }

{

leng Tatval = O;
xetval = {{lomg)cle.curbuffloc + {longlloe);
ratura retval,

)]

#anais
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-~ esasuref,c --

* Warning Confidentix)l Material
* Property of Synargatica
* Copyxight 1933, 1994 All Rights Reserved

* Written by R. Brian Moncur

single

/
#include *maasuref.h®
#ioclode "filter.h*
#include “bach.h®
#include “lstsqws.h”
/*FUMCTION_NEADRR®®####veventssrnvs
KANE ; NeasuraPraq
pEsC: Massure the fraquency of a filterad aigmal. The
is by the slope of the mignal and

then finding rhe averags distance betwsen zerc crossings of the

slops data.
m: *pSlopeData - Slope data of the fregquency to be measured.

R - nunhex of data wamples

bpfreq - Filter centar (3and Pass Frequency)

€1, £h - Low and Figh Frequemcy of the band pasa

SunpleRate - SANPLXRATE 44100
oUT: *pFfreq - The calculated fraquency.
BETURN: SIMPLE - if the freguency is & singla wave.

COMPLEX - 1f the frequency i3 a complex wave. Ne will stil) try to computs

the frequeacy of the lowest wave.

PRRQ_NOT_FOUXD - if no Zrequency was found.
ROTRI:

1 - Count the mirismme

2 - Count the maximums

3 - Look at the slops zerc croasing in rslation to the filtar height.
D] /
int float *ps. int . int decFilterLen,

4nt £1, int th, long
Samplelate, int *prraq)
ine 1,

retval » SIMPLE, /* Assume »
wave */

NumberOfPeriods = 0,

kickOutRarly o 0,

n,

ulis,

/* Upper limit for paricd size */
1lim)

/= lower limit for pariocd size =/

£loat m, b,
AvgPericdSize = 0,
crosaiag = 0,
lastezossiag = O

it {£1 >0

ulim = {int} (SampleRate / £1) + 1;
elae

ulim « 800,

1lim = {iut}(3ampleRste / fh) - 1;

if (decimatred256 < dacFilterLan) {
kickoutKaxly = 1y

}

/* ¥ind tba siope zero crossings o/
R = {decimated256 » decFilterlen) ? decinated256 : decVilterLen;
for (1 =05 1< (a~3); 444 ) {
i ¢ pSlopebatali] <= 0 &&
pSlopadataliel) > 0 ) {
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/* Crossed through  with a negative slopa +~/
o = p3 [i+1] - psL D [$8 0]

b = pSlopsDatafi] - {m » 1),

1z ¢ A me 0}

continuay

/* 'the period begins/ends at the zero crassiag 4/

1

}

1

{

}

}

1

}

it ( NumbarOfPeriods

rassing = («b / m);

£ { lasterossing =» 0 ) {
lastcrosaing = crossing;
coxtinue;

£ ( (cromsing - lastcrossing) > 1lim £&
(erosuing - lastcrossing) < ulim }

AvgPeriodSize 4=

NusbexOfPeriodss+s

1f (kickOutKarly) {
Dbreaky

}
e if ((cromsing - lastcrossing) < 1lim ) (

cantioue;

astcroseing = croasingy

>0

4f ( AvgPeriodSize >

Ta /= dodsy

o)

*PFreq w (int) ({float)SaxpleRate / AvgPsriodsize),;

alse {
*p¥rag = Oy
calculate the frequency */

ratval = FREQ_NOT_rowmm

}

Teturn ratval,
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/*C_EEADER_FILE

PILE B

DESC .

TABS 3 4

owwER : Brent Hals

DATE CREATED:
Cepyright Synergstics 1993, 1994
Warning Confidential Matwrial
Propsrty of Synmrgatics
Copyright 1993, 1394 All Rights Reserved

SYNOPSIS:

*RWD_HRADER /

#include “filtecoef.h*

/* Thaxe are 74 precalculated coefficients ~/

CORFr coaffTable [NUNONCOXF] = {
¢ s, 14700, 3,
{ -1.9¢8125422805530, 0.952136337757111, ©. . 0. .
-1.884350180625916, 0.888229727745086, 0. . 0. ).
{ 0.001002718228847, ©.002005436457654, 0.001002718228847, 0.000000000000000,
0 R B4136, 0.001939734963272, O. 484136, 0. .

£.000000000000000, },
{ 0.0. 0.0, 6.0, 0.0, 0.0, 0.0, 0.6, 0.0, },
{ 6.0, 0.0, 0.0, 6.0, 0.0, 0.0, 0.0, 0.0, 0.0, 6.0, }}.

{ 100, 14700, 3,

{ -1.929647207260132, 0.936719477176665, 0. , D, .
-1.847002194953919, (,453770554065704, 0. [ . b

{ 0.002763061309122, 0.003536122618243, 0,001768061309222, ©.000000000000000,
0.000000000000000, 0.001692335936241, 0.003384§71872482, 0.001632335935241, 0.900000000000000,
0.000000000000000, },

{ 0.0, n.8, 0.0, 0.0, 0.0, 0.0, 0.0. 0.0, }.

{ 0.0, 8.0, 9.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, }}.

{225, 14708, 3.

{ -1.910611579486084, 0.9215717%1172028, ¢ e Q. .
=1.810221910476685, O, 1234098, 0. , 0. ) s h
{ 0.002 1BB1, 0.0054 762, 0.002740045501281, 0.000000000000020,

° . o
6.000000000000000, },
{ 0.0, 0.0, 0,0, 0.0, 0,0, 0.0, 0.0, 0.0, },
{ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, NA

8673378, 0.005192157346755, 0. 8673378, O. .

{ 1so, 14700, 3,

{ -1.291035252281189, 0.906633160533905, 0 ., 0. .
-1.773994803423650, 0.748679838180542, O . 0. 2

{ 0.003913481254131, 1.007626962508261, 0.003913481254131, 0.000000DACAODO00,
0.000000000000000, 0.003671259253634, 0.007342518307263, 0.003571259153634, 0.0000004000000D,
0.000000000000000, },

{ 0.0, a.0, 8.0, 0.0, 0.0, 0.0, 0.0, 0.0, },

{ 9.6, 0.0, 0.0, 0.0, 0.6, 0.0, 0,0, 0.0, 0.0, 0.0, .

{ 175, 14700, 3.
{ -1. 5381, O 634430, 0, o. .
-1.738302469253540, 0.757937192916870, © . 0. ).
{ 0.005283251404762, 0.01056 0. 404762, 0

©.00000D300000000, 0.004308576259220, 0.,009817352518439, 0.004308676259220, 0.000000000000000,
0.000000000000000, ),

{ 0.0, 0.0, 0.0, 0.0, 0.0, 0.8, 0.0, 0.0, }

{ 0.0, 6.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.6, 0.0, ).

{ 325, 14700, 3,
{ =3.732726993560791, 5,436556816102074, ~3.493631601333618, 0.849858880043030,
-3.619308005661865, 4.914773371551524, ~2.36713089942932L, 0.572316014766693, ).
{ 0.010521072894335, 0.009009020000000, -0.021D42245788670, 0.000000000000000,
0.010521072894335, 0,009511257563679, 0. -0. 2. 137358, 0,000000000000000,
0.009511297568673, },
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{ @.0, 0.0, 0.0, 0.0, 0.0, 0.0. 0.0, @.0, },
{ 0.0, 0.0, 0.0, 0.0, 9.0, 0.0, 0.0, 0.0, 0.0, 0.0, ).

{ 350, 14700, 3,

{ -3.2041 . 5.4738354 38, ~3.533234334671021, 0.863666772842407,
3.B44322872161065, 4.952541220520070, -3.047576334262385, 0.699802160263062, },

{ 0.00855189532301¢, 0.000000000000000, -0.D17183731846037, ©.000000008000000,
0-003591895923014, 0.DO7836445234716, 0.000000000000000, ~0.015672090469432, 0.000000000009000,
0.007836445234716, }. :

{ 0.0. ¢.0, 0.0, 0.0, 0.0, 0.5, 0.0, 0.0, }.

{ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0. 0.0, 0.0, 0.0, 6.0, }},

{ a7s, 14700, 3,

( -3.814939498901367, 5.510186195373535, -1.572671830258788, 0.877741217613220
-3.683059030162231, 5.071734905242920, -3.130712747573853, 0.722327393531788, },

{ 0.006844335724752, 0.000000000000000, -0.013688711449504, 0.000000000000000,
0-006344355724752, ©.006299741424326, 0.000000000000000, -0.0125334RE257653, 0.000000000000000,
0.006259743428826, },

{ 0.0. 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, },

{ 0.0, 0.0. 8.0, 0.0, 0.0, 0.0, 0.0, 0.0, 6.0, 0.9, }}.

{ «o0, 14700, 3,

{ -3.825207730266113, 5.545574565069500, -3.611924648284912, 0.692023108425140,
©3.634127798080444, 5.152401924133301, -3.215723037719727, 0.757837192916870, ),

{ 0.005283250473440, 0. » =0, 79, 0.
0.005283250473440, 0.004308675793558, 0.000000000000000, -0.009K17351587117, 0.00000000000080,
0.004308675753558, },

{ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 3

{ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0. 0.0, }}.

{ 425, 14700, 3,

{ -3.234894657135010, 5.579965591430664, -3.650973558425503, 8.906693220138550,
-3 719538E83659668, 5.234597206115723, -3.302396873855591, 0.788679538180542, ),

{ o0.003s2 0 -0. 16, 0.
0.003913480322808, 0.003671258455242, 9.000000000000000, -0.0D7342516910285, ©.000000000000000,
0.003671250455142, ),

{ 0.0, 6.0, 0.0, 0.0, 0.0, 0.0, Q.0, 4.0, }e

{ 0.0, ¢.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0. 0.0, 3.

{ 750, 14700, 3.

{ -3.584583520885282. 5.001210318539209, -3.220480640465658, 0.810024142365320,
-3.387049674387793, 4.400949851905745, -2.612125073565674, 0.595672363003256, },

{ s.0173 0102, 0. . -0.034704100340505, 0.000000000000000,
©.017352050170302, 0.015257137200832, ©.000000000000005, -0.D30594374401665, 0.000000080D0D0D,
0.015297137200832, ).

{ 0.0, 0.0. 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, },

{ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, }},

{ 1350, 14700, 3,

{ -3.250611543655396, 4.421947479248047, -2.920431852340698, ©.810024142265320,
-3.072481704711914, 3.398279190063477, -2.368756533669067, 0,595672249794005, 3.

{ 0.027353055758238, 0.000000000000000, -0.034704111626478, 0.00000D0DD000GOC,
0.017352055758238, 0.015297140926123, 0. ~0.03059. 45, o,
0.015297140926223, },

{ 0.0, a.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.9, }.

{ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, }},

{ 1750, 14700, 3,

{ -2.762736839294434, 3.685903310775757, -2.487503528594971, 0.810024142265320,
“2.616161345435547, 3.249400615692139. -2.017609357433862, 0.595672309350652, 3.

{ 0.017352053895533, 0.0000000D0000000, -0.0347041077921A8, ©.000000000000000,
6.037352 3, 0.01529713 . Q. + -0.030524279589600, 0.000000000000000,
0.015237139994800, },

{ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, },

{ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0. 0.0, 0.0, 0.0, }},

{ 2250, 14700, 3,
{ -2.160884518759155, 2.925521135330200, -1.941393613825308, 0.810024201869965,
-2.061 722, 2.579 806030, -1.574660897254944, 0.595672428212585, },
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{ 0.017352044582367, 0,000000000000000, -0.034704089164734, 0.000000000000000,
0.017352044582387, 0.015297133475542, 0. 0. 1024, 0. .
0.015297133475542, },

{ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, },

{ 0.0, 0.0, 0.0, 0.0, 0,0, 0.0, 0.0, 0.0, 0.0, 0.0, }},

{ 2750, 14700, 3,

{ -1.454712033271790, 2.277616262435913, -1.3063502311524963, 0.3L0024142265330,
-1,374547958374023, 2.007889536038208, -1.D60064911842346, 0.595672363003296, },

{ 0.017352052032948, 9O, . ~0.03470%1 , 0.
0.017352052032848, 0.015297138232155, D.0DIDOU00CO0R00D, -0.030594276264320, 0.000000000000000,
0.015397138132155, }.

{ 0.0, 0.0, 0.0. 0.0, 0.0, 0.0, 0.0, 0.0, )},

{o0.a, 0.0, 0.0, 0.0, 0.0, 0.0, 0.6, 0.0, 0.0, 0.0, }}.

{ 3250, 22080, 2,

{ -2.315433740615845, 3.185883283615112, -2.156493663727042, 0.868328571319580,
-2,321030473709105, 2.914524316787720, -2.86995E455047607, 0.709392872047424, },

{ 0.007938967932752, 0.000000000000000, «0.025977935365521, 0.000000005000000,
0.007988967932761, 0.007308504544199, 0. ., -0.014617009088387, 0.000000000000000,
0.007308504544293, },

{ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, },

{ 8.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.8, 0.0, )},

{ 3750, 22050, 2.

{ -1.354697465895606, 2.702252626413067, -1.727384090423584, 0.863328630924215,
-1.779078841208412, 2.4 105, -1.457897 35, 0.709192872047424, }.,

{0 38793, 0. ~0.D5$77930277586, 0.000000000000000,
0.007988965138793, 0.00730850128457C, 0. . -0.014617 39, 0 .
0.007308501284570, ),

{ 0.0, 0.0, 6.0, 0.0, 0.0, 0.0, 0.0, 0.0, },

{ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, }},

{ 4250, 22050, 32,

{ -1.356375455856323, 2.299460994140625, -1.263268924392029, 0.868328571319580,
-1.301074266433716, 2.103610754013062, ~1.095440626144408, 0.709192931652065, }.

{o. 38793, 0. , -0.015977930277586, ©.000000000000000,
0.007988365130793, 0.007308501750231, 0. , -0.014617 .0
0.007308501750231, },

{ 0.0, 0.0, 0,0, 0,0, 0.0, 0.9, 0.0, 0.9, },

{ 0.0, 0.0, 0.0, 0.0, 0.0, 8., 0.0, 0.9, 0.0, 0.0, }},

{ 47150, 122030, 2,

{ -0.230566704273224, 2.010017156600952, -0.773553490638733, 0.868328571319580,
~0.796703398227692, 1.838812947273254, -0.670785129670282, 0.709192872047424. ).

{ 0.007588367932761, 0. -0.015577 1, 0.
0.0079889§7932761, 0.007308503612876, 0.000000000000000, -0.014617007225753, 0.000000000000000,
0.007308503612476, }, N

{ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, },

{ 0.0, 9.0, 0.0, 0.0, 0.0, 0,0, 0.0, 0.0, 0.0, 0,0, 3},

{ sso0, (unsigned int)44100L, 1,

{ -2.741556882858276, 3.746477603912354, -2.574519872665405, 0.BR2492125034332,
-2. 2454834, 3.4 787, -2.367960548400873, ©.738074541091913, },

{ 0.00830 31, 0. -0.01 052, © .
0.006303029600531, D.005819465057145, 0.000000000000000, -0.011638570114291, 0.000000000000000,
0.005819485057145, },
{ 0.0, 8.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, },
{ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, }},

{ 6500, (uasigned int)44100L, 1,

{ -2.325876474380493, 3.217020988464355, -2.1R4165354509844, 0.BE2492184538377,
-2,239961385726929, 2.570223188400269, -1.324087762832642, 0.738074481437274, ),

{ 0.006303031463176, 0. -0. . 0 .
0.006303031463176, 0.005819485919791, 0.000000000000000, -0.021632973839551, 0.00D0000OD00000Q,
0.005819486919791, },

{ 0.0, 9.0, 0.0, 0.0, 0.0, 0.0, .0, 0,0, },

{ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, }},

{ 7500, (unmigned inr)d4io0L, 1
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{ -1.863062262535095, 2.729723930358847, -1.749543865722655, 0.882492184630977,
-1.754242978036008, 2,520309925079346, -1.541223406791687, 0,738074421487274, },

{ 0.006303032860160, 0. -0.D12606065720320, 0.
0.006303032860160, 0.005815487351113, 0.0D0000D000N0GA00, -0.011638375702226, D,000000000300000,
0.005819487851113, ),

{ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, ¢.0, 0.0, },

{ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0. 0.0, }}.

{ 8500, {uneigned int)44100L. 1.

{ -1.362493033177430, 2.323887348175049, -1.279479384422303, 0.582492104638377,
~1.312164187431335, 2.145607471466064, -1.127226057679138, 0.738074482487274, }e

{ 0.006302020937515, 0.000000000000000, -0.012606061995029, 6.400000000000000,
0.005301030537515, 0.0053194853384623, 0.000000000000000, -0.011638971976936, 0.000000000000000,
0.003019405908468, ).

{ o.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, },

{ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.8, 0.0, }},

{ 9500,  (unsigned int)44200L. 1.

{ -0.834312677383423, 2.032240629196167, -Q.783479869365692, 0.E82492115034332,
~0.303494155406952, 1.876334905624330, -0.65087454223633, 0.738074481487274, },

( 0.006303031928837, O. -0. 7675, O, v
0.006303031928837, 0.005813487385452, 0.000000000000000, -0.011638974770504, 0.00000000000000D,
0.005819487385452, },

{ 0.9, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.4, }.

{ 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.D, 0.0, 0.0, 0.0, }}.

3

F*FUMCTION HEADER*eeantesnsnscnnanssans

BAME Gerprx2Coats
DESC: Get a ptr into the coeffTable for the correct et of parameters.
oN: fc - The filtar Center of the bandpasz we're on.
quT:
RETURN: An indsx into the coeffTabls for the filter Center given.
MNOTES:
*END, HRADER' !
int GetPtr2Coeff| iat fe )
{
int index = 1y

12 (fe < 200) {
index = (fc / 25) - 3;
y

olae if (fc < 500} {
index = (fc / 25} - &,
}

else 12 (fc < 5000) {
index = 10,
index 4= {f¢ - 750) / 500,

}
wlge { /% 5000 < £c < 10000 »/
index = NDNOYCOK¥ « ({int) (fc / 1000) - 10),

}
#ifdet DEBUG

printf{~ index » ¥4 for fc « %d ¥, index, la[indax) . i1 }:
#endige

zatura index)
}
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/4C_HEADER_PILE!

PILE : ovarlap.c

DESC : Contains the zoutines to handle the overlap a
TABS 3

ONNER : Breat Hale

DATK CREATED: 25 Det 1994

in Bacn.

Copyright Synergetics 1933, 1894

Warning Confidentisl Material

Property of Synargatica

Copyright 1333, 13994 All Rights Reserved

SYROPSIS:
*END_EEADER /
#include “synergy.h*
#include *hach.h*
GLOMAL int *pOveriepData = [int +10;
/*FUNCTION_HEADER## 4 ##ssseannssnantnns
HAME: SaveOverlapData
DESC: Save sone of this data for possible use on the next paas.
IN: *pData - ptr to begininng of 10240 buffar of data.
OUT: mnana
RETORN: Dooe
HOTES:
*END_] 7
void SaveOverlspData{ ict *pdata )
{

if {pOverlapbata) {

weasove { pOverlapData, pbData + 10240 - Ovaxl Ze, Overl

}

/
¥ LosdInput - Load the time domain samples into the buffar OutDatx.
* Dacimata the signal by skipping avery PointsToSkip to reduce the
* amount af time naeded to filter.

int

LoadInput( int *InDats, int begOffset, int n, float *CutData, int PointsToSkip }

{
int i, j = Os
int *sreftxr;
long avg = 05

/* 12 we have a negative baginning offsst, then we nesd to copy the first

portion from the overlap area */

if {bagoffaet < 0} {
aTcPkr = pOverlapData + OverlspDataSize + begOffset;
2 « 2+ begOffget;

for (i = ] =« 05 1 < abs )y i e=
Qutdatal(j] = arceir(i]l,
Avg 4 aba(srcPer(il);

}

arcPtr - InData,
}
else {

#xcPty = IaDats + begOffaet:”
}

for (1 = 0; 1 <« ny 1 4= PointaToSkip, j++ ) {
OutData[j] » srcPtrii)s
avg +» abp{srcPtr[il))
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1f (3§ > 0}

avg -~ avg / 4y

return {int}avg;
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-- spgain.c --
» Copywrite Synergetics 1993, 199¢

¢ Werming Confidential Material
* Propaxty of Synergatics
* Copyright 1593, 1994 All Rightz Rasarved

#include *gancoeff.h”
#include *spgain.h®

* CutpubSPCain - Computs the coxplex gain of a systea and output the

* gain.

* INPUT - b, & - the digital cosfficieats

.

«

o

a3 - number of stages for a cascade filtar
in - order of each stage

fln - normalized low freguency

fhn - normalized high frequancy

Jdefine NGAIN 300
void
OutputspGain(float *h, float *a, int ns, int Io, float £ln, flomt f£ho, long SampleRate )

(

int 1, 4.

PilterCenter;
static int countar;

flcat *ampl,

treqs

char filecasa[128];

FILE *iptrs

if ((ampl = (flomt *)calloc(KGAIN, sizeof(float))) == NULL }

{ *da )i

FilterCenter = (int)((fln + £hn)/2 * (float)sSampleRate),

/* Calculate the complex gain of a 1linssr system ¢/
for { 4 = 0; 1 < NGAIN) i++ )

{

aplli)

-1

for (} = 07 3 < nsy F++ )

/* Primt the gain data to file SPGcFilterCanters.dat (counter i3 sasier

ampl[il *= c_abs(spgain(kbli* (lnel]], &ali*ln],

In, 1a. {{floatli / FGAIN * 0.5) ));

to load into minitab} +/

sprintf(filenane,

"SPGYO5d.dat®, countars+);

if { [fptr = fopen(filanama, *w")) Iw NULL }

for { 4 w» 0; i < NGAIN; 14+ )

{
(
}
zclose(
}
olso

freq ~ ((float}i / NGAIN » 0.3 * (float}SampleRate};
if ( frag >e (FilterCencer - 1000) &&
freq <= (FilterCenter + 1000) )

fprintf{fptr, "h8.2f\t%f\n", freq, ampl[il};

tptr s

ErrorHandlex( PileOpun, filename);

fzee( axpl 1y
return;
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~ SPGAIN 11/13/85

THEIS FUNCTION COMFUTES THE COMPLEX GAIN QF ANY CAUSAL LINEAR
SYSTRM IN DIRECT FORM. #DR A PARALLKL SYSTIN, JUST TREAT EACH
SBCTION AS DIRECT AND ADD THK RRSULTS. FOR A CASCADE SYSTEM,
TREAT EACH SKCTION A3 DIRECT AND MULTIPLY THE RESULTS TOGKTHER.
YOU MUST SPECIPY: DIMENSION 3(D:L3),A(1:LA); COMPLEX GAIN.
TEEX LINKAR SYSTEN 18 ASSUMED TO XAVE THR TRAMSFER FUNCTION

v e

P

B

- B{O}4B(2)*2Z** (1) +B(2)4Z%*(-2) +.. . 4B (LB} *Z** (-LR)
T R{Z)me-ean “ee-
A L.04A(1) 4244 {-1) +A(2) "2** (-2} 4. . .+A{LA} *Z** (-LA)
* FOR AR FIR SYSTEM, USE LAel AND A(1})=0. DO NOT USE Lhw0.
¥ FREQeFRRQUENCY IN XZ-S, I.E., SAMPLING FREQUENCY=1.0.
* NOTE: COMPUTATICN IS LIMITED BY “SMALL® AND "BIG" BELOW.

COMPLEX
spgain{float *b, float *a, int 1b, int la, £loat freg)

{

/* Local varisbles +/

int i;

COMPLEX asum, bsum, reb_val, tmp complexl, tmp complexz, 21;
float tmp float; .

tap_complexl.xe « 0.0;
tap complexl.im = (float} (-2.0 * PI * freq)s
31 = cexp{tmp complexi)y

bsut.re = 0.0;
bsum.im = 0.0;

if (1b > 0}
{
for (1 = 1b ;5 & 51, --1)
{
top_float = (bwwm.re + B[i]) * xl.re - bsum.in * z1.{a;
baum.im = (Dyum,xe + b[1]) * zl.im + baum.im * zl.re,
baum.Te = twp float;
}

asus.re « 0.0;
asus.im « §.0:
for (L = 1m -1 ; io>=0 3 --i}

twp_float « (asum.xe + afil) * z1l.re - asum.im * zl.im;
asua. im - (asum.xe + afil) * zl.im + asum.im * 21.r7e;
asum.re = tmp_floxt,

trp_complaxl.re = 1,0 + asun.Te;
tap_complaxl.im = afum.im;
if (c_ubs(twp_complexi) < SMALL) .

rat_val.re » BIC,
ret_val.im = 0.0;

tup_cosplexl.re = bI0] + bsum.re;
tap_complexi.in = bam.im;
twp_cosplex2.re » 1.0 + asum.re;
tup_complexl.im = asum.im;

Tet_wal = cdiv(txp cosplaxl, tep complexl);
Teturn(ret_val),

} /* spgain +/
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7 ans
- -- gancoeff.c --

* Copywrits Synargetics 1933, 1924

.

* Warning Confidential Matarial

* Property of Synergetics

* Copyright 1393, 1994 All Rights Reservad

7
#include "gencoeff.h®
#includs "spgain.h®
#define NLOWPASS 5
#define NBANDPASS 19
/* Global variables */
leng LowPawsrilters INLOWPASS] [4] =
{
{0, 150, 14700, 3}.
{0, 200, 14700, 1},
{0, 250, 14700, 3},
{0, 300, 14700, 3},
{0, 350, 14700, 3}
b
long BaadPasaFilters [NBANDPASS] 4] =
{
{ 150, spo, 14700, 3},
{ 200, 500, 24700, 3},
{ 250, 580, 14700, 3},
{ 300, 500, 14700, 3},
{ 350, 500, 14700, 3},
{ 500, 1000, 14700, 3},
{1000, 1500, 14700, 3},
{1560, 2000, 14700, 3},
{z0a0, 2500, 14700, 3},
{2500, 3000, 14700, 3},
{3000, 3300, 22050, 2),
{3500, 4000, 22050, 2},
{4000, 4500, 22050, 2}.
{4500, s000, 22050, 2),
{5000, 6000, 44100L, 3},
{6000, 7000, 44100n, 3},
{7000, 8000, 44100L, 3}.
{s000, 35000, s4100L, 2},
{3000, 1000a, 44100L, 3}
b
void
main( void )
{
£loat b{10), sl81, fln, fhu,
iut 4,
errors = 0,
overlap = 75,
filter,
1o = 4, /* 1n bas €0 ha at lsast 2X ps °f
Dy = 2y

foxr { 4 = 0; 1 < NLOWPASS; i++ )
{
fin = 0)
fha - (float)LowPaseFilters{1] (1] / {float)LaowPasa¥Filtera[i}[2];
errors = GenerateCoefficients(LOWPASS, fhn, fun, 1Inm, ms, b, a,
LowPass¥iltars (i) [2}},
it ( ezxors » D )
printf{ “Thers has bada an arrar io GanerateCoafficianta\n®);

\ OutpucSPGain(b, &, ns, la, flo, fha, LowPassrilters[i}[2}),
}
for | 4 w 0; 1 ¢ NBANDPASS; 14+ )
{
’~ Calculate the overlap as a percant of the bhand width
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overlap « (BundPersFilterx[i] [1] - BandPassPiltecs{i)[0]) / 10 * 3;
if { ovarlap < 75 |
ovarlap = 75;

if { {(pandrasaPilters(i) 0] - overlap) < @}

ovexlap = {int)BandPassFilters (i) [0])
fln = (float) (BandPawsFilters(i] [0) - overlap) / (float)BandeawsPilters (il [2};
fhn = {float) (BxndPassFiltexs (i) (1) + ovarlap) / (flomt)BandPass¥ilters(il [2])
filter « ((fln » fhn) / 2 ¢ BandPasa¥ilters(4)[2]) + 0.5,
printf(*Piltex: kd\a®, £iltar};
orrars = GensrateCosfficiants (BARDPASS, fln, 2hn, In, ns, b,

EandPassriltazali] [2]))

if { arroxs > 0 }
Prinrf{ *There has been an error in GenerateCoefficlects\n'j,
OutputSPGain{b, w, ns, ln, €in, thn, BandPassPilters(il21};

* GanerateCoefficients

£1 - low frequency cutaff

£n - high fraqueacy cutofff

samplus - samples going into filter

b - return for numerator cosfficients
& - return for denominsator coefficients

/

ink
GenerateCostficiants{int iband, float £1n, flomt £hn, int la, int ns, float *b, float *a, loag
SampleRate)
{

PILE *fptr;

imt i

int wIzar)

/* LONPASS ANALOG ‘10 RANDPASS DIGITAL SCALXD IN FREQUENCY =/ °

/* Ganarate cowfficients. */
error = spiird{ibsnd, cn«, 1, fln, fhn, b, a);

. 42 (arror 1a 9)

ErrorBandlex( Coefficients, "in Genaratetoafficients® );

if  (fptr « fopen(®coeff.dat", "a®}} == NULL )
ErrorNandler{ FileOpen, *coeff.dat® ),

if (£ln w= fho) { 7% Lowrass. v/
fpriatfifper, *\t{ 3d,\n", (iak) ((fkn/2.0%(float}Samplarate) + 0.5) 1,
}
else {
eprinte{fptr, *\t{ 3d.\n", (int) {{{£1n+fhn)/2.0% (float]) SampleRate) + 0.5) ),
}

fprintf (fptr, "\t\t{ °},

for (L w0 ; 1< (1n * na}y ++i)
fprintZ(fptx, *¥12.15Z, *, alil)s

tprinte (fptr, *},\n"):

fprints (£ptr, *\t\£{ =i,

for (i = 0 5 1 < ({1041} * na) 5 +ed)
forintf(fptr, 312,158, =, b1,

tpzintt (gptz, "}, \o*};

fprint(gptz, "\t\t{ =}

for (i = @ ; L < {1 * np}s ++1)
fprintfifptr, 0.0, *);

fprintf(fptr, *},\n"};

tprinte (fptx, *\t\t{ "},
for {L = @ i <« ((In+1) * op) 5 +31)
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fprintf(fptx, "0.0, ");
fpxintf{fptr, *}}.\n\n);

fclose( 2per )

return arror;

apiird{int iband, int os, int 1s, float fln, float fhn, flast *b, float *a}

{

/e

*/

int error = O,
k. /* section number */
b_dinl, /* dimension sizs ot b */
a_aimz, /* dimension siza of a */
wap_int;

float work[100],
el101, /* wsnalog dencmiunator cosfficients L7
4[10];  /* analog numerator coafficieats .t

it (o3 <= 0 |
ibana < LOWPASS ||
iband > STOPBAND )
Taturn &)

42 ( fln <~ 0 [| 220 = 0.5 )
Teturn 7;

if ( {iband =

|| iband == &%
fln 5= fhu ) )
ratura 7;

b_diml = 1s + 1;
a_dinl - ls)

if ( fc = (flomt *)calloc(b_diml , sizeof(float})) == NULL )
ErrorHandlex( OubOfMsmory. "in apiira= ),

12 ( {4 = {float *)calloc(b_diml , sizeof{flost))} == NULL )
ErrorHandler( OutOfMemory, *inm spiixd® },

i2 ( (work = {float *)calloc((b_diml * b dinl) , sizeof{filoat))) == NULL )
Errorfandler{ CutOfemory, "in apiira= );

for (k = 1L ; k <u ax ; esk)

{
/* Order of law-pass B{s) */
tep_int = us * 1) /* Why isa't this (1s * ns) 7 /

/* generate analog coefficients =/
error « apbwcf(tmp int, k, b_dimi, ¢, c};

if (erxozr = 0)

{
i
traa{ c );
fraal{ d );
free{ work );
*
return arror:
}

/* Transform analog coefiicisnts to digital coufficients +/
erzor = spfblt(d, ¢, ls, iband, fln, fha, &bl{k - 1) * b_diml],
&af(k - 1) = a_diml), work);

if lerxor ls 0}
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{
I
tran( c |,
frest d ),
free( work ),
~/
zeturn error;
}
}
7
freea{ ¢ )
frea( d ),
free! work };
./

Teturn exror)
} /% wpiixd v/

int
apIblk{ float *d, float *c, int lm, ime iband, float flm, float fhn,
float *b, float *z, float *work)
{
int sxxor)
iot work diml. twp_ist, i, X, 1, m, zero_func, 11, am, 1x;
float tmpc, tmpd, w, wi, wi, wiz, =p;

/% Make sure that d and c are mot all zeros */
zoro_func = TROX;
for (4 = 1a ; 1 >a O &k zero_func ; »-1)
{
1£ {efil 1= 0.0 || 4] tw 0.0)
2ero_func = PALSE;

1£ ( zaro_fune }
Teturn 1)

work diml = 1o + 1;

Awiel;
wl = {flot} tan(PI * fln),
lem*2;

if ( iband > WIGHPASS )

{
¥2 « {float) tao{PI * fhm);
w - w2 - wi;
w32 » Wl ® w2,

/* Lets xllow this for pow
i (1 > 1n)
Tatura 3,
~

switch (iband)

{
/% SCALING S/W1 FOR LOWPASS,KIGEPASS %/
case LOWPASS:

for (e = 0 ; sm <« m ; +4mm)

{
dlan) /u pow(wl, mm);
clmm) /= pow(wi, am);
}
breaks
fad ION OF 1/S TO KIGNPASS (EP,BS) */

CcAse NIGEFASS:
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for (sm « 0 : oo <» (@ / 2} 5 +4mm)

{

}

tap » dimm];
dlma] = dln - =]y
dim - »a] = top)
trp = <laml;
clan) = cla - mly
cim - =m} = bopy

/% SCALING S/W1 POR LOWPASS, HIGHPASS -/

for (wmm v 0 ; ma <= m j +4mn)

{
alzm] /= powivi, ol
clmm) /= pow(wl, ms};
3
break;

i

OF (8++24M0°*2) / (Xv8) ./

case BANDPASS:

for (11 = 0 3 11 <= 1 ; +411)

{
work(lll = 0.0
work Ll + work dimi] = 0.0;
}
for (ma =0 wm ce m ; ++mm)
{
tep_int = n - my
tapd = d{mm) * powiw, tap int),
tapc ~ clme] * pow(v, tmp_int),
for (k » 0 5 X <w MM ) ++k}
{
1v »m 4 3m - (k* 2},
twp_int =m0 - ky
tap » spbfctima,oa) / (apbfct(k.k)

» spbfet(tmp_int, tep_int)) s
work[la] += tmpd * pow(wD2, k) ¢ tops
work[ls + work diml] +- tmpc * pow(wd2, X} # tmp,

¥
}
for (11 = 0 7 11 <= 1 ; ++11}
{
dl11] = work([11])
cl111 = work{ll + work_dimi);
}
break;

/* SUBSTITUTION OF 1/8 TO GENERATE XIGHPASS (BE, RS} */
caze STOPBARD:

for (ma = 0 ; mm cw (m/ 2) ) 24z}

{

)

top = d{sm],
dima] » dfw - =)
dim « mm} » tep:
txp = c[mm};
ciml =» clm - ml;
clm - on) « tmps

Iad ar ¢ )/ iW*S)

for {11 = 0 ; 11 <= 1 ; ++11)

{
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- 9.0,

work[13 + work_diml] = 0.0,

0 7 wm <w D g +imm)

tp int = & - ==y
tupd = dimal ¢ pow{w, tmp_iat),
tupc = clma] * pow(w, tmp_int),

D) X <x mm; +ék)

1s =B+ =0 - {k *2);
twp_int = mm - ky
tap » spbfctima,ms) / (apbfct(k,k)
* aphfct(txp int, tap intih:
work(1s) s= twpd » pow(wd2, %) * tap;
work[ls o work diml} +e twpc * powiw02, k) * tmp)

@3 11 cw 1) #4211

dill) - work(11l:
€[21] » werki1l + work_dimi],

work [11)
}
for (mm =
{
tor (k =
{
}
}
for (21 e
{
}
break:

/+ end of awitch */

exror = apbiln(d, ¢, In, b, a, work);

Taturn erxor;

} /* spthic </

* SPENCP - Signal

i 11/13/85

* GENBRATES KTH SECTION COXFFICIENTS FOR LTH ORDER NORMALIZED
LOWPASS SUTTERWORTE FILTER
~ SECOND ORDER SECTIONS: K<=(L+1)/2

* ODD ORDEX Lix

“ LM DXFINES COEFFICIENT ARRAY SIZE
* ANALOG COEFFICIENTS ARE RXTURNED IN D AND C

FINAL SECTION WILL CONTAIN 1ST ORDER POLE

changed i <» In to 1 < 1n so it dossn't overzun the

+ IEREORD MO XRRORS DETECTED
* 1 INVALID FILTER ORDER L
* 2 INVALID SECTION HOWRER X
int
spbwct{int 1, int X, 4at 1o, Eloat *d, flcat *c)
{
/* Local variables */
dat 47
£loat twp;
/* Total ordsr {ln * ns} must be greater than zero =/
it (1 <= O}
return 1
if (k<=0 ||
k> ((1+2)/72))
return 2;
dafe] = cf0) = 1.0y
for (L »w 13 i <« 3o ; ++il /* REM:
array */

{

ali] = 0.0¢
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ctil = 0.0
}

tep « (float) k - {1 + 1.0} / 2.0,

if (tmp == 0.0)
cll) » 1.0;

else
{ .
<[1] = {tloat) (-2.0 * cos{({doudls) ({k * 2) +1 - 1}
« PY / (docble} (1 * 21));
el2] « 1.0y
1
return 0y
} 7+ spbwct */

inn

spbiln(float *d, fleat *c, int ln, float *d, fleat *a, float *work )

{

/* Local varisbles */

int i, j, 1, zero_func, work diml)
float seals, tmp:

double atmp:

zero_func e TRUE;
for (1 = 1 ; 4 >= 0 && xexo_func ; --i)
{
Aif (e[d4] 1= 0.0 |] &[i] 1= 0.0)
3exo_func = FALSE)

}

42 ( zero_func )
return 1l

work_dil = la + 1;
1-d+1;

for (J » 0 5 3 <= 1 : 431}
workfd * work dimi] = 1.0;

1

tap = 1,05
for (L @134 <=1, +sd)
{
tap - twp * (float} (1 - 1 + 1) / (float) 4;
wark[1) = tmp:
for (1 1 ) L <al ; +ed)
{
for {J » 1 ; § <= 1 443
work[i ¢ 3 * work dimi] = work{i « (j - 1) * work dimll
- work[d - 1 + § * work dimi}
- work[f « 1 + (§ - 1) * wark_dimil;
}
3}
fox (L @1 ; 4 »>x 0 ) ~-i]
£
bli)] = 0.07
atng « 0.0s
for (3 = 0 5 § <= 1 ) +44)
{
b(i] += work(i + 3 * work_dimi] * 4[jl:
atmp += (double} work(i + § * work_dimi] * c[3)s
}

scale n {double) atmp;
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if {1 1= 0l

afi - 1] - (double) atmp;

if {scale »= 0.0)
return 2;

B0l /= acale;

/* pad the sessiader of the arzay with zercs

*4d)

for (4 =1 4 1 ;1 <w 1o #+rd)

B[4]1 =~ 0.0y
ali - 1] « 0.0,

for (£ =1 5 4 <l
{
b(i] /= mca
ali - 11 /e
}
if (1 < 1n}
{
{
1
}
Teturn 01

} /% spbiln ¢/

Vs
* SPBFCT - Computes factorial

11/14/85

* GENERATES (I1)1/{I1-I2))aZi®{I1-2}%...*(I1-I241).
* MOTE: Oi=1 AMD SPBYCT(I,X)~SPAYCT(I,I-1}sI},

double

apbfet (int 11, dmt i2)

{
/* local variablez */
int 4,
double rat_val,

rat_val = 0.0y

if (11 <0 ||
12<0 ||
i2 > 1)

return(ret_vall,

Tet_val = 1.0;

for (1 « i1 ; 4 >= (31 - 42 + 1) ; =-1)
rat_val *= (double) i;

. Teturn(ret_val):

} /v spbter */
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"/*C_EEADER_FILE'
FILx

SYNOPSIS:

: pascii.c

: The PASCIY table
i 4

: Bxent Hale

Copyright Synergetics 1993, 1894

Warning Confidential Matarial
Przoparty of Synsrgetics
Copyright 1993, 1994 All Rights Ressrvaed

*EXD_HEADER

char pascid{127318) « {

{"\\ \W) {*\\am\\"},

[QATINGH ") ”
{"\\aa\\"}, {}

{==} {"\\ae\\"}, I
{*} {*=),
{"\\a\\"}, 44 10 - 14 */

{==} {=*}.
{"\\u\\), /15 - 19 </
{3 {"\\o\\*}.

{"\\awintg, (*\\am\\e}, v 20 - 24/
(==} [RANCANU

{"\\oy\\*}. {"\\er\\"}, /% 25 - 29 %/
{*"} {"\m\\"h
{1 /* 30 - 34 o/

{3 {"\\og\\ "}, {**}.
7% 35 -39 %/
{"\\e\V ) {*\\eww"},
) /v A0 - 44 o/
{3 {"\RG .
{*"} /% 43 - 49 o/
{ll)' (--)'
{**), /v 30 - sS4 ¥/
{3 {"\W)e
{m\en\v}, s+ 85 - 59 9/
{"\\e\\"}, [GATING N
{""}. /* 60 - B4 %/
{*\\an\\"}, FLARYIANCY {==},
Je 65 - 63 %/
(.,)‘ {--)'

{*\\w\\"}, {=*). /v 70 -4 %/
{"} {mamneg,
{**). 7+ 15 .79 </

{*} {*}
{*=} /v 80 - 84 +/
{"\\w\\m), {*}.
{**}. /e 85 - 23 e/
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4

{3
*/

*f

{>*}

{"\\a\\"},

(e},

{"}.

{=\\\N"],

{=\z\\"),

{3

{**)

{=\wwws),

{3

/
{*\\=\\"}.
(=} -}
{"\\eo\\"}, {)
("\\w\\r},
{"\\ew\\"},
{"\\a\\#),
=)
{3}
{"\Mg\\ ),
(=1
{"\\\\=},
{"}.
==} S
3
"
{3

Dacket Na.: 13217.2

"\l



1
2
3
4
5
6
7
8
3
10
1
12
13
14
15
%
17
138
>
E 19
m
7 20
3 z =
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205

127 +/
h
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{*\a1wwe),
{"\\r\\e},

{**},
(S

",
{==3}. /% 100

{=}.
{}. /* 105

{=*}.
{3 /% 110

[SAA AN
/v 215 - 118 o/

{*=}.
{==}.

{"*}.

==}
/%0 - 94 ¢/

{*=),
39 o/

=},

104 +/

{*=}
109 #7

(==},
114 o/

{"\\eb\\"},
(==},
£* 120 - 124 %/

{*\\ )
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{*=}.

{3,

==}

{==}

I

{*"}.

{**}

{mn},
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- == cleptien.c --

* Copywrite Synergetica 1383, 1994

* Written by R. Brian Moncur

-

* Warning Confidential Material

* Property of Synergstics

* Copyright 1333, 1334 All Righta Reserved

i

sound numbers
Tuler numbers

/
dincluds “dap.h*
#includa ="cloptica.b*
void
Ini 1ine0Opti {struct *clo)
{
int 4,
clo-»inputpath = NULL; /v -d .7
clo->debug « FALSE; FARNEL S ¥
clo->sound = YRUE: /* -mo */
clo->spactogram = FALSE; I sy *f
lo->outputwaves = FALSE, /I -aw =/
clo->outputtext = FALSE; /* -or e/
clo->framseize = FALSK: /v -fx <7
clo->framaloc = FALSE; VARS8
clo->testusods = FALSE; /r -t e/
clo->dunpeaglyn = PALSK; f* -m v/
clo->dumpframe = FPALSE, v -z ef
clo->dumpwindow = FALSE) /4 ww ot
olo->gutputpath « WULL; /™ -0 =f
clo->raject bad_sauples = FALSE; 74 -be o/
clo->agl « FALSE) I
clo->stdPormant = FALSK; AT B8
clo->snflag = ALL; /* -an s/
memset{clo->woundnumbars, 0, 50);
clo->puflag = ALL; /v -pa </
memset (clo->parsoanumbers, 0. 100};
clo-srulerflag = MONE, /v -x v/
Zor (1 e 07 1 < NUKBER_OF_RULERS; 1++ )
clo->rulers[i] = i +1;
}
r LS
RAME: GetlLOMuxbers
DESC) Read in & ssries of numbarg from the comsand line and ssve them
IN: *i - current axgument in argv to begin at.
argc - Total number of argv's
argv - comsand line arumants
*numbers - array to store the numbers in.
aaxNusbers - maxizum number of numbers *aumbers can hold.
ouT: *nusbers with the command line numbers ia it.
RETORN1  Nome
NOTES : This picks off numbers from the command line for the following options:
po é 43 ...] person numbers
[-sn k3% ...}
f-repe..
*KND_ERADER /
static vaid GetCLONucbers( int *i, int arge, char **argv, int *nunbers, int maxNumbers)
{
1at 3
3=0,

while { 1 < max¥umbers &
*i < axgc &a
(numbars[4) = atol (argvI*il)) 1= WOLL ) {
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tar ¢/
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Jaes

1%i) +4y

(*i)--;

will inc it again. */

point to the last argument handled v/

/* Why was this there??? =/

210

/* Do it hers ratber than in

/* loop so we don't dnc too

/* The ‘for' loop around thia

/* s0 *i should

g 12 (1 < axge ) »/
/- 1 -e2; Went too far =/
}
void
{struct INE *clo, int arge, char »=argv}
{
int i,
for ( del; L < argc; dee )
{
it { stratrilargviil, "-i%) } /¢ gQat input path  »/
{
clo->inputpath = (char *)malloc( strlea{argvii+1l)+l ),
stropy (clo->ipputpath, axrgv[i+1]);
4441 /* advanca past input path stxing */
}
elue if ( stratriargvli), "-a*) } /* tura debug mode on */
clo-adebug « TRUE,
alse if | stratr(argv[i], *-a®) ) /* turn AQL printing on %/
clo->agl » TRUR;
alys if { stzstriargv(il, * } /* tuxn sound moda off v/
clo->sound = FALSE,
else if { stratriargviil, *-sg”) ) /* turn spactogram mode en %/
cla->spectogxam = TAUK;
elaw if { stratrisxgv(i]l, *-ow*) ) /= Output wave files */
clo->outputwavas = TRUX;
else 1f [ stratrisrgv[i], *-ote} } /* Output wave text info +/
clo->cutputtaxt = TRURy
elge if { stratxiargvlil, *-o%) ) /* det output path 7
{
clo->outputpatk » (char *)malloc( strlan{argviiell}s+l ),
serepy (clo->outputpeth, argvli+ll};
i+4; /* advance past input path atring =/
}
wlse if {stratrlargv[i], "-wav®) ) /* Output wave file info for esch microba ¢/
clo->wavout = TRUE)
elye if (atretziaxgv[i}, *-hig=} } /+ OUtput higgins structures to disk +/
clo->higgout = TRUR,
else if ( stratriargv(i}, *-bsw) ) /* Turn on Bad Sample Rejaction v/
clo->reject_bad_samples = TRUZ,
alsw if ( stratrlurgv(i), *-a2%) ) /* Tuza on cutput of standardized
formants +/
clo->stdFormant = IRUE)
4lxe if ( stratr(argv(i], *-pn®) ) /* Gat list of person nusbera to use
»/
{

clo->pnflag « SOKR;
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looking at the fixst # +/

alze if (

}

elae it ¢

{

wlee i2 ¢

alse it (

{

}
alam if ¢

{

}

else if {

{

1

elze 12 {

{

locking at the fizat 4 +/

elam if (

(

locking at tha fizst ¥ */

alse

212

14es /* Start

/* Get all the sound nushers on the command line +/

GetCLONumbers( &i. argc, argv, el MAX )

strstr{argv(il, "-f£1°) ) /* det ¥rame location ¢/

ie4)

if ( t{clo->frameloc = atoi{argr(il)) 3

{
fprintf(stderr, “Ianvalid value for frame location\n®);
axit(0) s

}

stratriargvli), “-£z+) ) /* Get Frane size </

da4s

if { Ifclo->frumesize = atod (axgviil]) )

{
fprint?{etderr, *Invalid value for frame size\n*);
exie(0);

}

stretriargvii], "-t'} ) /* Turn test mode oo ¢/

clo->testmode « TRUX;
arxaty (azgvii), *-=") ) /¢ Dump Kaglyn data ¢/

clo->dumpeaglyn = TIUE,)
clo->testmods = TRUR;

serstriargv(i), "-£} } /* Dump suler data for frames <~/

clo->duspfrane = TRUE:
clo->testacds = TRUE;

stratz{argvii], ®-w) ) /% Dump ruler data for windows */

clo->dumpwindow = TRUE;
clo->testnode » TRUK;

stTatr (argv[i], =-sm®) } /* Get list of sound nuzbers to use </
<lo->snflag = SOMS;

d44y /% srart
/* Get all the sound numbars on the command line »/

GatCLOWuabers{ &i, arge, srgv, clo->soundnumbers, KAX _soomns ),
stxatr{argvii]), ®-r*) ) J* dat list of rulars to output */

clo-srulerflag = SCME)
clo->teatmods « TRUE,

/* Clesr array <
monset!{ clo->rulars, 0, NUMBER OF KULXRS * gizeof{int}};

ey /% 8start

/* ust all the sound mumbers on the coxmand line */
GetCLONumbers( &i, argc, argv, clo->rulars, KUMRER_OF RULERS) s
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fprintf {stderr, “Iovalid cowmand line option XB\v%, argviil};
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7+H_REXDRR_FILE:

PILE : gandar.h
DESC . 1 Protorype for gandar.c
TABS 13

ONNER : Brent Hale

DATE CREATED: 4 Oct 1594
Copyright Symergstica 1993, 1994

¥arping Canfidantial Katarial
Property of Synergetics
Copyright 1883, 1994 A1l Righta Xeserved

SYNOPSTS '

*END_HEADER /
#ifodef GENDER R

ddefine GENDER H

struct person {
int age;
char sax;
b

axtern struct persan subject( 262 1,

#endit
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/*H_HEADER_PIL)

FILE 1 evaltd.h

DESC : prototypes for evaltd.c
TABS 14

OWMNER 1 3rent Hale

DATE CREATED: S Oct 1994

Copyright Synergetics 1953, 1394

Warning Confidential Matarial
Proparty of Synergatics

Copyright 1993, 1854 All Rights Reserved

SYNOPSIS:

— /

#ifndef  XVALTD X
#dafine  EVALTD E

dinclude *dsphig.h*

ink InitTimeDomain( void );

void ClaanUpTimeDomain{ void jj

#ifdef  UASDWARE

void EvalTimeDomain{iot *data, DSP_EIGCINS *pHiggins, iat *plaxhmpl};

delae

void EvalTimsDomain{int *data, iot n, DSP_BIGGINS *pEiggins, int *pXaximpl);

dendit

fendit
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/*B_HEADER_FILE

FILE : dsphig.h

DESC : definiticns for the HIGGINS structure while on the DSP
TABS 3 .

OWNER : Brent Hale

DATE CREATED: 4 Oct 1394
Copyright Synergatics 1981, 193¢

Warning Confidential Matsrial
Property of Synergetics
Copyright 1593, 1994 All Rights Resarved

SYHOPSIS :
*XND_KRADER: /
#ifnder DSPHIG E
#define DSPHIG K

#ioclude “higlist._h®

typedaf struct dsp_higgins {
/* The SEARED_XIGGINS macro which definas the identical msction for both
the dsp's and 63030's EIGGINS structore is defined in higlist. h. */
SHARED NIGGINS /= Macro for type. L», Yo, Foampl,
£fxeq, and ampl} */

struct dsp_higging *next;
struct dap_higgina *prav;
} DSP_EIGGIRS:

izt ipaList( int DSP_NIGGINS * hdrNode }z
void PreeDSPRigginslist( DSP_RIGAINS *harMode );
void ClearDSPRigginsList( DSP_EIGGINS *hdrNode };

fendif
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222

/*H_ZRADER_YILX:

*END_EXADXR®*

diZndat
vdefine

#include

/= from dspinit.c */

PILX
DESC
TARS
OWNEX

dwpeng.h

: Prototypas for tbe DSP functiona

3
Brent Hale

DATE CREATED: 37 Oct 1994

SYROPSIS:

DSPENG_E
DSPENG_XK

*daphig.n®

extern int

sxtern float
sxtern DSP_EIGGINS
extern int

Copyright Synergetics 1993, 1994

Warning Confidential Material
Proparty of Synergstics

Copyright 1833, 1994 All Rights Reserved

*pDSFELiNE)

/* defined in dspinit.c */
int dspInitislize! float *poutputPuifer ):
void dapCleanUp( void 1, .

/* detined in dspeng.c */

¥itdet

vpRawData;

*prilteredbata;

iat dspProcessSuffer! int *plnput );

Velze

int dspProcessBuffar{ int eplnput, int numpts )

VYendif

Yandif
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/
. -- bach,k --

* Copywrite SypDezgetics 1993, 1394

* Warping Confidential Material

* Proparty of Synergetics

* Copyright 1333, 1994 All Rights Reserved

#1ifndef BACH X
fdefine BACH X

#include <stdio.h»
#include <stdlib.h>
#include <conio.h>
#include <wtring.h>
#include <men.h>
#include *fildter.h*
#include *errors.h®
#include “"messuref.h”
#ioclude =dsp.h
#include *filtcoef.h®

#include *daphig.n” /* for RFILTEES */

#define  FREQ_NOT_POUND °

$define  SINPLE 1
¥define  CONPLEX 2
ddetine OverlapDataSizw (20¢8)

2define  PILTKRLIKTR 256

¥define  MAXLOCATIONS 45

/* 0o the hardware we will alvays be working with 10240. If we can compila
with a cosstant in our loops, the compiler can cptimize ths loop slightly
for a bit better performance. 4.11.9 pg 4-18. */

Rifdet TARDWARE

#define DATASIZE 10240

#alae

#define DATASIZE =n

Sendif

axtamm int hachPilters (NPILTERS+1]; /* defined in bach.c */

/* Prototypes =/
vitdet ZEARDMARE
void Decospose! void );
e
void Decompose( int n )y
#andiz

#ifdef HARDWARE

int DoFilterPass(int f1, int fh, int filtw:
Helse

int DoFilterPass(int f1, int fRh, int filterCeatsr, izt u )
#andir

nter )j

int FindPa{int £I, int th, int filvexr, int n),

/% from getfo.c ¢/
void GetFundamantal{ DSP_HIGGINS *frastart, int 4¥o, int *Fokmpl )
void FoXistograe( DSP_HICCINS *fmstart, int *Fo, int *Fompl ),

/* from bachinit.c */
fnt InitimlizaBach( int float **ppri b3
voia €2 ¢ ine float pFil i

/* trom avarlap.c */
void SaveOverlapData( int *pData );
int LoadInput{ int *InData, int begOffset, int n, flost *OutData, int PointsToSkip )
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/* ¥rom svalfilt.c */

int f1, int 2h, int filternumher),

void EvaluataFilter{int n, COKFF *pCoeff,

fenaiz

Docket No.z 13217.2
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14

15

16

/
* dap.h

« ¥ritten by R. Brian Moncur
.

* Mike Newson 04/11/94

- Added Higyins Struct
. Added Ruler Definas

$ifndar  DSPR
taerine DSP_E

#include <stdio.h>
#include <atdlidb.h>
#include <mem.h>
#include <oath.b>
#include <atzing.h>
#include cdir.ns
#include <process.h>
#include <conio.h»
#incinde <ctype,h>

#include “srengine.h”

Kifdef KEK_DEBMUG
#include “smrtheap.h”
#include “*shazlloc.k"
#andir

Ndefine uleny unsigned long
Wdefins uint unsigned int
#dsfine unchar unsigned char
#define unint unwigned int
#define unlong unsigned long

#detine TRUE 1
#detine FALSEK 0

#define PI 3.14159265358973323

#dufine MAX 1024

/* for now. */

113

CITY, UTAH 84111

ATTORNEYS AT LAW
1000 EAGLE GATE TOWER

A PROFESSIONAL CORPORATION
60 EAST SOUTH TEMPLE

SALT L.

WORKMAN, NYDEGGER & SEELEY

#datine SEGSIZE 1034 /* 8ize of a data segment */
#define BAWDATASIIR 10240 /% Amount of raw data processed at x tims */
#define QLEVIL 250 /* Anything balow this iz quist ~/
#detine SLPPTS 15 /* Xuaber of points to uss to calc slope */

$define  SAMPLESILE 256/e Numhar of sample to lock at zt a time. ¢/
#define NPT 512 /+ # of fracture points for FIT -/

#define SAMPLERATE 44100L /= Hew Sawple rate of data input not using half data */
#degine SOUM 2

fdezine QUIRT -1
#define VOICKD 1
#define UNVOICED L]
#define VOICKD_CUTOrFF §000
#define UNVOICED CUTOPY 14500

7+ auditory.h */
#dafine NUX_AUDITORY 16

/* General Magnitude Rulars =/

#detine FRAMED_FEACTURED o

#define WEIGNTED MEAN 1
#¢efine MEDIAN_ FREQUENCT 2

#define NARMOWIC PATTERN 3

#detine AVERAGX_SLOPE 4
#define FUNDINKNTAL_FRED s

#dafine NORKAL WEIGETED MEAN 3

Ndeazine GRID_1D XAPPING 7

/* Time Demain Rulers o/

- Page 165 -
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#define WAVE_NIDTE
period v/

#define NUMIER_MAXINUMS
fdetine NUMBRR_ZERO_CROSSINGS
#define BKGIN_SLOMX

-/

#define MEAX_SQR_ERROR
BDomain Data +/

¥define NORMAL ZERO_CROSSINGS
#detine PEAK_XATE

#define DURATION

/* Yormant Rulaxs */
Sdafine KUMBKR_FORMANTS
#define FORMANT WRIGHTED XEAN
#dafine OUTPUT_FORMANT_LOC

12

s

22

22

10

13

2%

20

/-

16
17

230

/% % aamples in

Slope of start of period

/* WSE of Time

/¢ outputs Yo - ¥7 ¢}

/* Window Rulers (could also be used for framed dats) of

#define SLOPK_BY DECADE
$dafine RNERGY LOCATION
¥define KAX_XWERGY_LOCATION
#define NORIGL_INTEGRAL
#deZine FWERCY_BY DECADE
2req range =/

#define AUDITORY EWERGY
#define EARMOKIC_EXISTENCE
#dmiine EARMONIC_SLOPE
#define EARMONIC_POWER
#define BANNONIC WEIGHTED_MEAX
#define DC_OFFszT

#datine NUMBER_OF_RULIRS

/* Eode values +/
#dafine TNKNOMN -1

typedef short BOOLEAN,

#define ALL 1

¥2efine NONE O

#define SOME -1

¥datine VALID_SOUMDS 50
#datine UMKNOWN_PATE 122
#define KAXSUPFER 122

fdefine KAX_SOOWDS 200
fdufine KAX_FERSOHS 100

Wdefine XAX_XNOWN 17

#dafine MAY_TUNVOICED_PATTERNS 16
#dafine MAX RULERS 35

/* The regression equations constants for Formants 1,2,3 are:

{MX + B) X = Slope. X = LOGal(
S » Standsrd Xrroxr, N = Number of ssmples in standards data -/

typedet struct

int Pazcii)
tloat B3], N(3))
} romura,

typedef struct

{

int Pasciiy

30
31
32
3
34 Ad
35
36
37
3
35
40
45
£ used in patacal2.c */
1 Y, BaTYL

Normalized energy for a

£loak MD[MAX UNVOICED PATTERNS];

} PATTEOMS)

struct COMKAMDLINE {
char winputpath,

*outputpath;
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int dabug,

long

zead Izom */

L

typadet struect

{

ink Ny

wavout,
higgout,
aound,
antputwaves,
outputtext,

durpwindow,
Zacore,

std¥ormant,

anflag,

soundsusbers [KAX_SOURDS) ,
poflag,

personnumbers [AX PERSONS) .
rulerflag,

rulers (NUKBER_OF_RULERS] ,
zaject_bad_sanples,

aql,

spactograns

vbasFlag; /* 1 = if processing a vbss file; 0 otherwise 7

frameloc,
framasize,
curbuffloc;

/* The Pascii Id Telates to the position in ths mrray that

/% Tuis is to keep trak of whers in the file we

this ioformation iz Zound. =/

/* The Number of values »/

float “value; /= The Standaxd value */
float ‘stdev; /9 The Standsrd deveation of the standard value %/

} somm_wopx:

#ifdef FEDERATION

extarn void GiveFileTcElrond (char huge *SoundrilePath);

#anade

fendif
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- -- measuref.h
* Warning Confidential Katerial
* Propezty of Synsrgetics

* Copyright 1333, 1934 Xll Rights Reserved

* Writteo by E. Brian Moacor

¥ifadef NRASURRYF =
¥dafine WEASURE? X

#include <stdio.b>
#include <atdlib.b>

/* Prototypes */

int MeasursYraq(float *pSlopsData, int

SumpleXate, int *pFreq))

feadit

int decFilterL
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/*H_HRADER_PILE:

FILE = filtcoef.h

DISC : PreCalculated Filter coefficients
TABS : 3

OMNIR : Braot Hale

DATE CREATXD: 25 Oct 1334
Copyright Symergetics 1993, 1894
¥arning Confidential Matertsl
Preperty of Synergstics

Copyright 1993, 1934 All Rights Reserved

SYNOPSIS:

KND_HEIADER: ’

#ifndef  PILTCOXF R
#define FILTCOXY B

#define  A_LEN 8
fdefine B_LXN 10

typedef struct coeff {

int filterCentar;
int leRate)
int poiataToSkip;
2loat w[A_LRN] ;
float bIw_LEN];
float lastOutput [A_LXN]
£loat lestInput [B_LEN] ;
} coxrr,
#dafine  NUMOPCORP a4
axtern COXFY coeffTeble [NUNOFCOEY] ¢

int GetPtr2Coaff( int fc );

#andit
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- -~ spgain,h -+

¢ Copywrite Synergetics 1393, 1934

-

* Werning Confidential Material

* Property of Synergatics

* Copyright 1933, 1994 All Rights Reserved

¥iZndef SPGAIN_H
$dafine SPGADY_E

waid OutputSPGain(float +b, float *a, int ns, int 1n,
float fla, float fha, long SampleRate);
COMPLEX spgain(float *b, float *a, int 1b, int la, float fragy

#endif
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/

v -~ gencoaff.h --
* Copywrite Synorgmtice 1591, 1994

* Rarning Confidentisl Material

* Proparty of Synsxgetics

* Copyright 1933, 1994 All Rights Reserved

#itndet GENCORYY X
#define GENCORFF_E

#include <stdio.k»
#include <stdlib.h>
#include cmath.h>
#include "caplx.h*
#include "wrzozs.h®

#datine PI 3.14159285358979323348

#define SAMPLXRATE 44100%L

#define BAND_PASS_SECTION_ORDER 4

#define PALSE ]
#define TRUX 1
#dsfine BIG

#dafine SMALL
#detine ORDERS
#define ORDER¢

#define LOWPASE 1
#define MIGHPASS 2
#define BANDPASS 3
4dafine STORRAND 4

/¢ Prototypazs */

240

iot GanarateCosfficisnts(int ibsnd, float £1, float fh, int la, iat =s, float *b, float *a, long

SasplaRate))

int apiird(int iband, int ne, int ls, float fln, float fhn, floak *B, flcat *a);

int spfblt( float *d, float 4c, int 1ln, int iband, flcat #ln, float £hm,
- flost *work})
int spbwef (int 1, iat k, int 1ln, flost *d, float *c);
int spbiln(float *d, float *c, int la, flcat *b, Zlomt *e, float *work ),

float *b,

double spbfctiint i1, dmt 12);

#$endif

Lloat *
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/*E_EEADER_PILE

FILE 1 wavio.c

ox3c : prototypes for
TARS 3

OMNER : Brent Fala

DATE CREATXD:

SYNOPSIS:

wavio.c

Copyright Synergetica 1993, 1834

Warning Confidentiasl Nateriml
Property of Synergatics

Copyright 1893, 1934 ALl Rights Reswcved

*END_ERADER!

#ifndef  WAVIO X
#dafine WAVIO_X

void read header (FILE *fprr);

int read_wav{FILE *fptr, int *pBuffar);

int GetVASSInto(void)s

void PrintFrants( struct EIGGINS ¢frustart )
leng GatPilelosatica( iat loc }j

#ifdet CRT

FILE *SetupOutputFile{ ¢har "prilename );
#endif

int file_exirtm({char *filenamsa);

#andif
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== tilter.h --

< Copywrite Synergetics 1393, 1954

* Marning Confidential Katerial
* Property of Synergetica
* Copyright 1993, 1934 All Rights Ressrved

#ifndes
#define

TILTER_B
FILTER B

#include <ztdia.h>
#includa <stdlib.h>
#include <math.h>

#include
Finclude

¥detine
$deline
#detine

#detine
#datine
#datine
#dezine
#dafine
#detine

Antine
3dsfine
#dlefis
#dezine

*cxplx,h®
“srrors.h®

PT 3.2415926535857932384E
SAMPLERATE 44100L
BAND_PASS_SKCTION ORDER 4

FALSE o
TRUE 1

316 telo
SMALL le-10
ORDERS 1la-5
‘ORDER4 le-4
LOWRASS 1
EIGEPAES 1
STOPBAND 4

/*gdetine ABS(x) {(x} > 0 2 (x) : -{x}) */
/*#detine W (a,b) ({8) <= (b) 7 {4} : (b)) */
/*#3efine MAX(a,b) ((&) > (B) 2 {2} : (b)) */

/% Prototypes =/

int spetltt

float *px, float *py);

float *b, float *a, iot 1ls, int ns, float *x, int n,

244

iot GenerataCoefficients(int iband, float £1, flost £h, int 1n, iat ns, float *b, Float *a};
1ot spiizd(int ibsnd, int ns, int 1ls, float £la, float £hn, float *b, float *a)y

int spfblt( float *d, float *c, int la,
float *b, float *a, float *work);
int spbwef {int 1, izt k, iat ln, float =d, float *c);
int spbiln(float *4, float *¢, iat In, float *b, flost *a, float *work })

double spbfct{int i1, ink 413);

Nendif
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/¢8_ERADYR FILE

rILE 1 pascii.h

DESC : sxtern tor pascii table
TABS : 3

ONRER : Braat Eala

DATE CREATED: 22 Oct 1934
Copyright Sysergetics 1953, 1994
Warning Confidential Material
Property of Iynsrgstics

Copyright 1853, 1334 All Rights Remarved

SYROPSLS:

*XMD_EEADER /

#ifndef PASCII_R
#define PASCIZ @

sxteru char pascii(127]([51:

#andif
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/4E_HEADER_FILK .
rIwe : cloptica.h
DESC : prototypes for cloption.c
TABS 3
xR : Brant Hale
DATE CREATED: 22 Oct 1994

Copyright Synergatics 1993, 1994

Warning Confidential Material
Froparty of Synerxgatics
Copyright 1393, 1334 A1l Rights Reservad

SYNOPSIS:
*XHD_] /
#ifndef  CLOPTION B
#define CLOPTION_H
void Ini 14 y-131 {stxuck INK *clo)s
void dl {struct INE *clo, int arge, chay **azgv}:
#enaifr

Docket No.: 13217.2
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; e
* auditory.n

-

* Waralng Confidentis) Matarial

* Property of Synergetics

* Copyright 1923, 1994 A1l Rights Reserved

.

#include “dsp.h”

/* The numbara below repressnt the frequency ranges for blocks
* of 1000 ear cholsa hairs */
doubla AuditoxyRangs [NUM_AUDITORY] =
{
0. 151, 214, 304, 431, 512, 868, 1213,
1751, 2486, 3530, 5014, 7131, 10113, 14364, 20392

G:\DATA\PAT\132172 . PAT
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Compilation of Source Codes for 13217.2

Atter setbing up the bardware this routine will call the umer
function main().

XDEF  START, brkp,  brksz, _exit,_fpute
XREF  STKTOR,DATA, main .

IRCLUDE voicebox.inc

H
1
?

If C++ style startup code is not desired, then
define CPLUSPLUS to O

’

CPLUSPLUS -0

Define variahles to track msmory allocations for mbrk().

_brkp DS.L 1
_brksz D8.L 1

SECTION ram
7 point to available memory
1 number of availabla bytes

Constant dats

pc.B ‘Copyright. 1924 Synexgetics, Inc'
DC.3 ' All rights reserved.’
nc.B 4

The reset vactor will polrt to this codae (START).
By the time wa gat hare, A7 will bave buan initialized.

START

SECTION code

-STX *nona" 3 terminate call chain for -0G
MOVE.L #STRTOP,A7 3 st the stack pointer

MOVE.L #0,A& ; terminate call chain for -Og

1Go ahezd and apable instruction caching, but leave data csche off umtil
e tast mamory,

=ova,l a+Claa Tnabl a0

movec d0, CACR

JThe first thing we need to do iz start the refresh. Than we can
sdetermine memory size and do the memory test.

wove.l #KPPBase,al
move.b NEtartTimer,MFPTCDCR (a0)
sove.b WRefreshTime, MFPTDDR (x0)

ahould be output to che debuy
POt

move.l #1,47 ystore diag code in 47
acve.l #DiagPort,al sPoint a2 at diag port
=move.b a7, (a2) $utput itt

sGo ahezd and setup the xest of the KFP while we give the RAM
1a chance to get through a full refresh cycle.

®ove.b ADisableIRQBits,do iDisable ints.
move.b  d0,MFFIERA(a0) 1Int. regiater A
mova.b d0,NFPIRRB(a0) jInt. regiater B
move.h A0, MFPIMRA{a0) iMask ragistar A
A0, NFPIMRE (2D} 1Mask Twgistsr B
@ove.b #DDRBits,MPFDDR(a0) 1data direction register
mava.b  #ATABits,MFPAXR (a0) 1Active wdga ragistar
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nove.b MPEVR(aD) 5 upt vactoxr reg,

1interxupts are disabled ead sasked, and the corresponding
slevals set. Now test the UART by sendicg ourselves x faw
jchars. in locpback mods.

move.b M#Seriall00, XFRTCDR(RC} ;Start at 300 hps
move.b #ClockModeBiteAsyncBits, MYPUCR (ad)

move.b #ECYEnabladit,MFPRSR (mO}

mOove.D FImtGoNiRitziXmtEnedbleBit,MPRTSR(&0)

1Clean up any garbage that might be in receiver port
move.b WFPUDR(a0),dL

Sarial port set up, output to diag poxt
addqg.b #1,487
acve.b 47, (a2}

Output a char.

move.b 3455, MFPUDR{a0)

'
1 Initialize other RAM fxom ROM.
1

NOVE.L d4DATA,AQ A0 = RON baxs of region data

MOVE.L 4 BASE{datz},al 3 Al = RAM baze of yagion data

MOVE.L #°SIZE{dats),D0 7 DD = size of region datm

Lse.L  42,D0 ccmpute size in longs

, »zA DB 7 enter a fast loop

i JLR: MOVE.L {AD)+, (Al)e ; move four bytes at a time
t ID3¥: DRY Do, ILP 1 vp to 256K in incer loop
H SUB.L  #310000,D0 ; Test in outezr loop

) BES ILp

i

DisgDone:

/Mardvare seems to be OK, let's go shead and get to workl

’
: Init{alire mamory allocator.
1
MOVE.L # BASE(malloc?,DB

address of malloc region

MOVE.L #7SIZE(malloc),DL 1 aize of malloc region
JIF “ptrd=?=2"

sWAR DO ) bendle 2-byte € "pointers=
JINDIF
.IF "longTiv2e

Swar D1 1 handle 2-byta € "longs®
JEMDLF

MOVE.L DO, __brkp ) wars referencad by mbrk(}

NOVE.L DL, _hrxaz

+IP CPLUSPLUS
»
’ Call any Ces inivializer thunks.

H
MOVE,L # BASK{init),As
NOVE.L #78IZE(fuil),D7

-IF "ptres?ran
LSR.L  #1.D?7

AS = hssa of region iait
D7 = wize of region init

numbar of initializer thynks

-ELSE
LSR.L  #2,D7 + number of initializer thunks
.DMDIP
A NDBF + eater locp
HLPs

-IF "pryeryee
MOVE. ¥ {A5)+,20

gat address of thunk
.xLSE

MOVE.L  (aS)e,A0
.omIr

get address of thunk
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CMP.N  #0x4X71,AD 1 NOP may pad region
BEQ NDBF
. JsR (ag) s call initializer thunk
NDBF: DBP D7, NLP 1 UP to 256K in inner loop
SUB.L #$10000,07 3 rest in cutar loep
BES L?
ENDIF
3
I Iavoke main(} with no arguments.
3
JSR _main 1 "int® return valus ia DO
H
3 Call any Ce+ axit thunks.
4
exit
.IP CPLUSPLUS
WOVE.L # BASE{axit}, A5 1 A5 = base of region exit
NOVE.L #°SIZE{exit),D7 5 D7 = aize of region axit
ADD.L  D7,AS ) reverse ordar
JIF Rptxeupeas
LSR.L  ¥.,D7 ) number of exit thunks
JELSR
LSR.L  ¥2,p7 1 oumber of axit thunks
ENDI?
BRA XDBF J enter loop
xe:

JIF ptrgereze

WIVE.N - {A3),AD 1 get addrmss of tbhunk
. ELSE
HOVE.L - IS} A0 i get addrass of thunk
«ENDIF
CHP.W  #0x4K71,A0 7 NOP may pad region
BEQ poll g
JsR a0) ) call exit thunk
XDBP: DBY D7,XLP 1 up to 256K in inner loop
SUB.L  ¥310000,D7 1 Tapt in outer laocp
BAS e
-RDIF
Done:
move.l #DisgPort, a2
elr.b ao
Doneloop:
nove.b 40, {a2)
addq.b #1,do0
bra.s DaneLoop
DiagDeath:
1¥bere wa coma if the hardware fails...
sMe don't know if we can trust memory or mot, but go ahead and write
sthe diag cods in & ‘scope loop 30 we can see it,
wove.b 47, (a2}
H atop 23rTYT
bra.a DisgDeath

’
)
tfinec - C callable function to output to the serial pozt

:

sint fpurc{ int chr, FILX *devica ),

:

1This function should remlly be inplemented as & trap so it can ba
1exported to non-Synergatice apps...

- yYDRY _fpute, 6 iwe wWill remove € bytes
_fputc:

maove.w 4{ap).d0 ;jgat the *thar” parameter

move.l  a0,- (ap) 1push ad
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T nove.l dl, - (sp) spush A1
movae.l #AFPRase, a0 1use ad as pointer to 64301 MFP
H <cLzT.w d1 rratry 64K times
s fpImitReadyLoop:
1 btst H7,MFPTSR (a0} 1get tTansmitter status
) bas.s £poutChar
i dbt dl, fpxmitReadyLoop
) pXmtBusyRrTOr:
B move.w #4eeec, a0
3 bra.x fpoteXxit
#pOutChaz:
move.b 40, ¥FPUDR (a0} joutput the data byts
fputeExit:
r move.l (sp)+,dl jTastora Al
m=ove.l (sp) +,al ireastoxe 40
Ttd %€ iclean off 2 byte int & 4 byte pointer
)
E) RESET VECTOR: to suparvisor Program space at address 0.

BECTIUN Teset

.

STRTOP
START

+ initial stack pointer
7 initial sxecution address

OTHER EXCERPTION VECTORS: to supervisor data space at address 8,
or & bytee beyond wherae the vactor base register will poimt.
This table is commented cut bacause no mctusl interzupt rou-
tines are provided,

SECTION wvacts

DC.L BUSTRROR, ADRRRROR

5 DL ILLEGAL,ZERODIV,CEK,TRARV

3 DC.L  PRIVILEGE, TRACK, EKULA, EXULY
E] C.L RESVD, PROTO, FURMAT , ONINIT

, DCB.L  8,RESVD

» DC.L  SPURIOUS,AUTOL,AUTOZ,ATUTO3

nC.r AUTO4, AUTOS, AUTOE, AUTC?

oC.L TRAPD. TRAPL, TRAR2, TRAP3

BC.L ‘TRAP4, TRAPS, TRAPS, TRAPY

D¢.L TRAPE, TRAPY, TRAPA, TRAPB

nC.L TRAPC, TRAFD, TRAPX, TRAPF

oC.L FUNOLD, FEEXACT, PZERODIV, FUNFLOW
De.L FOPND, FOVPLOW, ¥ SNAN, RESVD

ICB.L B,RESVD

De.L GPIQ,GRIL,CPI2.CRI3

DC.L Tinerd, TimerC, GRI4,GPIS

nc.L Timard,XmtError, TA¥mpty, RovErrox

a DC.L  RovBuffrull,Timexd,GPIS,API7
i3 bCB.L 128,USXR

- Page 180 -

ceeomee
FEIERESR
I2ESREE

£

.- e e e
o
®
<3
o
=3

Docket No.: 13217.2



ATTORNEYS AT LAW
1000 EAGLE GATE TOWER

60 EAST SOUTH TEMPLE

SALT LAKE CITY. UTAH 84111

WORKMAN, NYDEGGER & SEELEY
A PROFESSIONAL CORPORATION

20

21

22

23

24

25

26

259

5,640,490
260

CNDIMAIN,.C

This file contains tie code to lomd the RLROND and YROI modules into
memory. It also contains the schedulez coda.

Da:

#include
#include
#includs
#inelude

<stdio.hs
"voicabox.h*
~dsp.nr
*higlist.n"

void main( veid )

{

unsigued int *Pex;

unsigned int ¢,

vosigoned loag Len)

unsigned int Data;

dnt WriteStroba,

unsigned char *DSPPtr = DSPBase;

void(*sched] {vo1d};

/
Mow we go to the serial port wnd read tha Elrond
and Trol functions from the host

Len = Translan(}; /% Get len of tranafer */

Ptr » malloc{Len);

(unsigned int *)Sched » Ptr; /* Sat up our addrass to jusp ta */
WriteStrobe = 1;

Data = 0;

for{x = 07 % < Laén; xes)

{ .
while((c « fgetc(stdinl) ww EOF:; /* Wait until byte avalable v/
Data <<= By
Data += (unszigned char)c)
WriteStrobe “e 1;
£ (Writestrobe)
{
"Ptr++ « Data;
Data = 0
}
}
(*Sched) ()5 /* Pasx control to the scheduler v/
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Tem Batch file to build Voicabox CPU firmware.
Tem Copyright 1994 Synergetics, Inc. All righta reserved.

dal arrs
ag62000 -T+errs -V 20 -L start.a -o listestart.let
2868000 -K+erra -V 20 -L vbdapin.s -o listsvbdspin.ixt

cc58000 -R+axras £ -V 20 -a intw2,sizeofs=2 -I <:\sds62\11b68000\1ncluds slzomd.c
linker -Rearrs - liok.spc start.o slzoad.o ¢:\Ndw62\lib§8000\1ibc.e -o mlrond.out
type exzs

down -4 mot alrend.out
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/

-« cheat.c --

* Copywrite Synergetics 1993, 1994
* MWritten by Tom Jensen

* Warning Confidential Material
* Preperty of Bynergetica
» Copyright 1393, 1594 All Righta Reserved

#include "dap.h®
¥include "errora.h”
#include "wavic.h*

typedef struct {

} wovx,

int pn;
int sn;
icug start)
long lens

#include “cheat.h®

int PersonNusber;
atatic int TotalNodes;

int FipdSound®in(int Person, long Locatiom, RODR far “NordLookup, int i)

{
int wo = -1, 0 = O
1£(1)
Lesr
for{s i < TotalNodas; 1++)
{
4£(WordLookup([4].pn ms Person)
{
if((Location >= WordLookupli).start] && (Location <s
LS [1] . start + p[11.1e0)3)
{
an = WordLaokupfi) .sa;
if(en < 200!
{
zeturnii),
}
3
)
}
raturn(wa) ;
}
/
WeBaCheatin
Dasc: This is & tesporary routina to help 4n the
testing of the Liguistics Processor.
In: pointar to liked 1ist of higgins structuras
Out:: Some higgine structures possibilities may he
Ret: Noze.
/
vole HIGGIRS )
{

struct BICCINS *Higgine;
YILE *fprils;

//3tatic int Slopes (MAXFORMANTS) s

iat i, x;

atatic int FirstTine » 1;
static loug counter = 0,
char Filenacse [KAXBUFFER];
static NODE far *Nord Lac
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long FileLen
float Weight,

PersonWumber = 114§,
Af(FirstTime)
{
if { file existms(®word loc.bin*} } #* check

dafault location </

£

Iz
I

1

1
I

stropy (Filensme, *word_loc,bin®),

alsa if { file sxizts{®c:\\word lee.bin*} ) /* check root */
strepy (Filename, *c:\\word_loc.binm®);

slse if ( file sxizts(®c:\\dev\\elrond\\woxd loc.bin®) )
StICpy (Filenams, “c:\\dev\\slrond\\vord loc.kin®);

slse
XrrorEandler{ FileOpan, ** },
12 ( (fp7ile « Zopen(Filaname,*rb®)} we NOULL )
MrrorBandler( FileOpes, ** };
fesek{IipFile, 0L, SZEK_END];

Filelen u ftell{fprile);
TotalModes = {int}(Filslen / sizeof (NODE});

2seek (fpFile, OL, SKKK _SETI¢

Word Loc = malloc({iat)PileLun);

1£{Iword_Loc)

{
printf{°Irror mllocating space for Word_Loc.bim\n®);
raturn;

}

fread(¥ord_Loc, sizeof{char}, ({int}¥ileLen, fpFile);

fclose(tprilel;
FirstTive = 0;

Higgina s frmstart;

ia0;

x = &
while(Eiggine)
o {
i-r iggi loc + counter, Word_Loc, i3;
1£4i > 0)
{

Miggins->pasciilxs+]) .p = Word_Loclil.sn;
Iwbile(i >» 0);

1f£(x)
{
Welght = 1 / x
x=vy
forls x >= 0; x--)
{
Biggins-pesciilx] .c = Waight;

}

Docket No.: 132172
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}
Higgins = Higgins->oext;

}

countex+el0240;

Dockel No.; 13217.2

- Page 185 -

12

13

14

%

16

17

18

2 ] & R R & 8 8
1LI¥8 HV.LO ‘ALID 33V1 LTVS
FTANEL HLOOS 1SVA 09
YLMOL ILVS FIOV3 0001
AV1LV SAINYOLLY
NOLLVYOJI0D TVNOISST0Ud ¥

ATTHAS ® YHOOFAAN ‘NYWIIOM



WORKMAN, NYDEGGER & SEELEY

A PROFESSIONAL CORPORATION

ATTORNEYS AT ILAW
1000 EAGLE GATE TOWER

60 EAST SOUTH TEMPLE

SALT LAKE CITY, UTAH 8411]

20

21

22

23

24

25

26

269

/7 codea.c

#include "codes.h*

¥define UMKWR

ungigued char AsciiCode(128] =

{

TR,

12
1
7
Vs
I
"
12
17
17
7
ks
7t
7/
i
1"
7t
"t
"
2
1
1/
7/
12

124

/"

5,640,490

58
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TN, /7 117
oM, /7 118
URKwE, /7 118
TR, /7 120
onxw, /7 121

ONE,
ONEW, /4 123
TNEWN, /7 124
UNKN, /7 125

TNEWN,
TNEWN, /1

b

5,640,490

/7 188
/7 110
77 11t
/7 122
/7113
/7 114
/7 118
/1 116

/7 122

/7 128

TNERWN, "1

unsigoned char PAsciiCodel256] «
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17
I
/77
/"
1
1
/7
174

4
1
2
3
4
H
[
7

38

43
44
45

49
50
51
52
s3
54
55

53
59
60
61

63

5,640,490

124

7

i

144

/"

1
1
174

7

3

32

40
41
42

46
47
48
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124
125
126
227

129
130
131
132
133
134

144
1
1
1/
Iz
I

5,640,490

106

108
109
110
11
112
113
114

116
117
118
119
110
111
122
123

128

135
136
137
118
119
140

- Page 189 -

276

Docket No.: 13217.2



WORKMAN, NYDEGGER & SEELEY

A PROFESSIONAL CORPORATION

ATTORNEYS AT LAW
1000 EAGLE GATE TOWER

60 EAST SOUTH TEMPLE

CITY, UTAH 84111

SALTL,

13

1%

15

17

18

19

20

21

22

24

25

26

277

UK,
TR,
TN,
uNE,
3.

K, 1

TUNKHN, t

o, 14

UNKWSR, I

UNKNK, 14

TR, /"
THKWN,

ONEWN, 4

THINN, 7

UNKWN, /7

TR, "

DN, I

TIREWN /"
TR,

TNKMN, "

e, "
e,

ONRM, 174

UNEWK, "

uNOnr, 'z

UNEWY, Vs

THKWN, 7

TNZN, '

TN, 17

o, 1

N, 14

UXKWS, ’Zs

TREMN, 17

TXKWN, 1t

e, /"
ONEMR,

Torxm, 1

THENN, 17

TR, 77

TR, 1

Twont, 1/

T, °

- UAEMH,

e, "

oxne, 174
UNKWN,

UNEWR, 7

DNEWN, 7/

VNN, 17

TR, 1z

UNRWK, 1/

UNRNE, 1z

exr, 1/

TNEWN, 77

UNKNR, '

TNEWX, 17”7

TN, 114

UNXWN, 17

UNEWN 7/
TR,

oNn, /"

TN, 7

oo, 1

THWA, 1t

T, 17

TNEW, 17
URXWH,

TRKWN, 123

URTHN, 124
UNEN,

KRN, 1t

e

p BN

187
138
13y
1%0
191
i
193
134
195
136
197
198

201
202
203
204

205

208
208

211

5,640,490

// 141
7/ 142
/7 143
77 144
/7 145

// 152

77 159

2/ 162

¢ 1716

// 200

1/ 207

/7 2r0
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242
e
250
251
252
253
254
ass
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#/ colloe.e

#iaclude <atdlib.b>
#include cstxing.h>
#include *eolloc.bh*

static c¢bar *Collocationsf] »
{
*go 21y a kita®,
*I understasnd you*,
“random ACCess BemOTY®.
“take a long walk off a short pler®,
WOLL

void IattColloc
¢
wvoid

void guitColloe
{
voia

int ChackColloc

[§
CollocInfo *pCury,
CallocInfo ~4ppRew,
char spWord

{
int ey
42 (ipCurx)
{

char =eppSrch:
ehar eSrchy

“ppiiev « RULL;
Re » COLLOCATION_NOT_FOUND_RC;
ceSrch = strlen{pWord))

2or (ppSrch = Collocations:
*ppSreh)
pPSKChes)

1t ((*ppSren) [cSrch] == * ' &k
strnicmpi*ppStch, pNord, eSreh) ew @)
{

Re » COLLOCATION_OK_RC;

it ({"ppNew » mallocimizecf(Colloclafo)))
{
cbar *pSrchi
for {pSreh = *ppSrch;
*psxch 1= ' 4y
pSrches)
{
)
{*pp¥ew) ->pWozd = pSxch + 1;
}
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elsa

return Rej

5,640,490

bzeak;

char *pSrech;
char cSrohy

pSrch = plurx->pMord)

cSrch » strlen(p¥oxd) )

iz ((pSrchlcSzch) =» * * || parchlcszen] »s *\0') &&

{

else

straicmp(pSceh, pNerd, cSrch) == D)

(4ppNew) ->pNoxd = pSrch + cSxchr
1€ (~(eppNev] ->pHord)

{

(*ppNew} ->pNOXas+)

Rc = COLLOCATION_OF_RC;
}
*lse
{

fxaa(plurz))

*ppHew » NULL)

Re = COLLOCATION_CONPLETE_RC)
}
2res{pCurx),

“ppMew = NOLL:
Re « COLLOCATION_NOT_FOUND_XC)
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/%C_ERADER_¥ILE

PILE 1 COCPresE.C

DXSC . Routina te comprass Quist's and phon's into phonemes
TARS 13

OWNEZR : Brant Hale

DATE CREATED: 22 Oct 1994
Copyrigbt Synexrgetics 1333. 1854
Warcing Confidential Naterial
property of Synergetics

Copyright 1983, 1994 All Rights Reserved

SYMOPSIS:
+p_xmADER /

kinclude "dwp.h*
#include “errors.ht
#include “higlist.b”
#include “srengine.b*®
#include “cempress.h*

statie struct BIGOIRS *pUyRdr = (atzuct HIGGINS *)0,

/4 FUNCTION_HEADKR ¢4 mmurvesemaosisesese

RAME s ComprasspPhones

DESC: Woutine to compress the quies and phaon's imto phoneme’s
IN; egrmstart - ptr to head of main higglas list.

ouT:

2xTURBN: A pointer to a different NICGIS list of only pmi's sud Quiets.
WOTES: This should:
Craate » ssparate higginms list of pei's and quiets.
Conprass sections of Quiats into cne pode with the sizm
updated
to reflect how much quiet there was.
BTILL NEED w=> Combine phon's into phomeae's wiers spplicable.

Originally written by Buss Peterson.

D_HEADER:
atzuct WIGGINS *CompressPhopas{ struct HIGGIMS *frmstart )

{
atruct NIGHINS *pHevs
struct HIGGINS *plurs:
struct FIGOINS “pQuiets
struct BIGGINS “pNext;
struct MIGGINS *pPrev,
pouimt = FULL;
Piew = pitymar)
/* Combins sections of Quiet into eme node with the size changed to
xeflect how many guiet sections are xeprasented. */
for (pCurx = frastart; plurr) pourr = plurr->naxt) {
4f(pCurs->typa == QUIET k& pouiet? {
pouiet->size +e pCurz->size;
}
wlze {
if (pCuxz->pal || (plurr->typs == QUIET && tpQuiet)) {
7+ Copy comtents of origimel higgins struct into new list.
~/

pFrev = paw->prev)
plext « pNew-anext;
weacpy (pNew, pCurr, wizeof (struct BIGGINS))
pew->prav = pirav:
piev->next = piexts

1£ {pCusz->type ozt {
Pouiet o pRews
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else {

288

pluiet = (stxuct BICGIKS *}0:

pNaw = piext;

}
}
1 (pwew) {
/* Specify where the end of tha 1dst is */
PMev->typs = ‘B’
}
return (pHyEAZ) ¢
}
7 _HEADER=®***
NAKE: InitializeComprasxphiones
DESC: Allocate meaory for ComblnsPhonss
IH: nopa
OUT: none
RETTRN:  none
NOTES:

*RND_HEADER

/

void InitializeCompresePhones{ void )

{
if (pMyEAr we (struct HIGGINS “)D) {
1 insList(
return;
}
}
}
! i_WEADRR g
HAME CleanUpCoapressFhones
DESC: Fres up meaory usad in CombinePhones
IN: none
oUT: nosa
RETURN: none
WOTES:
~END_HEADER /

waid CleanUpConpressphonus{ void )

{

FreaMigginalist{ pMyEdr })
PpHyRdr = (stxuct HIGGINS *) 02
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- - aspmain.c --
+ Copyright Synexgetics 1993, 19%4
% Writtem by R. Brisn Momcur

« Werning Confidential Waterisl
« Property of Synergetics
» Gopyright 1993, 1934 All Rights Reservad

sifdes .Cplusplus
extara *C* {
#endit

4undef CRT

#include <windows.h>
#include <windowsx.h>
#include <omsystem.b>
#include cstdio.b>
#include <stdlib.n>
#include “higlist.h®
#include "federatn.b®
#include *_federat.h"
einclude "txoi.b®
#include “simpleioc.n*
#include "dsp-cpu.b*
#iaclude “"srangine.h”

#ifdef _WIMDONS

leng FAR PASCAL MainwndProc (EwND hwnd, TINT mag, WPARAM wParam, LPARAM lParam))
BOOL InitApplication(BANDLE hInstance}:

BOOL Imit ] int E)

RINSTARCE hInst;

oD BndCRUs

int POTLID;

APP_OPTS AppOptae{SRC_XICHROPNONE, DEST_PORT, NULL, WULL. /*conse/1}y
1at g_CPUKaxAmpl = O

atruct HIGGINS *g MigginsNead = 0, *g_BigginsHext = 0;

FILE *g_fpPhonemerFile;

Hendif

/* Glcbuls */
int TotalMicrobes = 0.
Microbes = 0,

calls » Of

/7 Wew Stuff foxr DIR/CPU split
struct DSPNIGGINS {

char typay /v vnether it's
Voiced. Tnvoiced or Quiet */

int loes /+ aszsy lacation of whare pericd starts
./

inc aize; /* pericd sive */

int duration; /* in milliseconds */

int Las /* sverage amplituds */

int Ld) /* averaga differencs of maplitudes */

dnk o1 /% Yundamental
frequescy */

int £2req[KAXFORKANTS]; /* Formant Fregueacies */

int ampl [MAXFORKANTS]; /* amplitude of formant's */

int zex) /* Zexe
Crossing Rate ®7
}e

int bProcessinglnterrupt = FALSE:

124nt _WINDONS
LPVOID lpMigDate;
Henalf
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2  HXADER: .

NAKE Lookataigging

DESC: The evant handler for tha Sound Recogaition emgine.

INe «pCompreasadList - ptr to & HIGGINS list with cnly ‘the pai and quist

nodes in it.
*pMiggins - ptr to & £i11led in higgias list.
paxhupl - The value to go in the global Maxhmpl on our side,

ouT: nene

RETURN)  nome

NOTES: +pHiggins is needed cnly for dabugging.
~RND_KEAD]

void LookAtRiggins{ struct RIGGINS =pCempressediist, struct KIGGINS  4pRiggina |
(

struct KIGOINS ~frxame = NULLj

int 1, flag:

#ifdef  SHOW_PEOMS

printf(*\n\nve found:\n®))

/* Only process tha coapresssd list */

frame ~ pComprassadliat:

while (frame | NULL && frame->typs I= ‘N') {

1¢ (U freme->poi )

frama o frame->next;
contiaues

1

for {flag » i w 05 1 < WAX_POSSIBILITIXS) eI ¢
i ((frame->pascii[i].p la TNKNOWN_FPATH) &%
(£xame->paxciilil.p 1= 0)) {

it (4 1a D)

printf{*\t*};
printf(*#vd”, frame->pasciilil}.p ¥
printt(® ¥s*, paacli [trame->pascii(il.pl }s
printe(® xd\&*, (int) frame->pasciilil.c )y
flages)

}

if (elag)
print2{*\o")s

frane » frame->naxt)

dandif

#1fdef FEDRRATION
GivaToTrol {EpCompr:

depaif

}
void InitCrupata(void)
{
/* Creats the BIGGINS doublely linked list once; we'll Teuse it ovez
sach 20240 chunk of data. It contains 40 nodes. */
CreateNigginstist IR 1 ay,
}
void TeraCPUDatx (void)
{
Sutig ] \ 3]
g_HigyinsEesd ~ (stvuct HIGGINS »)0:
}

#ifdef _G803D
void MainLoop (void)

(
IolrCEUDate ()
while (1)
(
it 1 s g B t= NOLL)

ine (g_Hi 9. Ys
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}

TermCPUDatal}s:

}
#endit

void InterzuptServiceRoutine tvoid)

(

int aCeunt:

$ifde? _WINDONS
LEVOID lpmigPtr)

1pEights = lpNigData,
#endif
bProcessinglnterrupt = TRUR;
g _KigginsMext = g_HigginsEead;

for {aCount » 1, nCount <= NusberOfNodas; nCounte+]

294

{
1f (g_RigginsRext |v NULL}
{
$itdef _WINDOMS
char sz0utduf[20],
wencpy (g, BigginsRext, 1pRigPtr, sizecf {(struct EIGGINS)))
£, scvd>v, g Hig )
1 OutputDebugString (az0utBur);
#alse
/7 copy Higgins data from DSP ports to 62030
// version of Higginm Structs
fendif
LR =g 7]
)
else
{
gato erz;
}
{ (struct HIOGINS *)1pHigRrri+ds
H
orz:
bProcessinglnterTupt = FALSE)
Teturn;
)

Rifdes _WINDOMS

7

FUNCTZON: MainWndProc [EWND, UINT, UINT, LONG)

PUREOSE: ProCessas messages

UESIAGRS :
0¢_COIAND ~ application wenu
WK_CREATE - create window and cbjacts
W DESTROY - destroy window

long PAR PASCAL __expoTt HaioWndProc (NWND h¥od, UINT mag, WPARAM wharaa, LPARAK 1Pazam}

{

7/ this goes ust above main message switch for CPU.RXE

static UINT uDSMNag = 07

if(meg == UDSPHEG)
{
switeh (wParan)

{

case DSP_CPU_MSG_PEONDMEFILE:

{

- Page 198 -

// GiverhonsmaFileTaTroi sxpects file nanme already

InitAppoOptEt) s
InitTroi(};
GivePhonemeFilaToTrod {5
EndDLSounda il
QuitTroills:

breaks
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}
case DSP_CPU_MSG_INITOPTS:
{
InitdppOpts (),
breax;
}
case DSP_CPU_XSG_NEWLIST:
{
lpHigData » (LPVOID}1Parasm;
77 OutputDabugString (*\a\n");
InterruptIerviceRoutinei) )
I OutputDebugstzing{®\u\n*) s
17 Processlatal) )

/* Sand the Higgins structure and the MaxAmpl
calculated on the D3P
to thm 63030. */
ins (g_Ri A )

break;
}

case DSE_CPU_NSG_BEGINFILE:

InitTrol();
break:

caze DSP_CPU_KSG_KMDOFFILE:
Xndo23ounds(}
QuitTral 0);
breax,

casa DBF_CPU_XSG_KAXAMPL,

{
g_CPUKaxAEpl = Of
9_CEUKaxAmpl « EINORD (LFaram} s
brask;

)

defaunle:
braak;

}
xeturn TRUR;
}
77 wud of msg processing

switch (mag)
(
case WM_CREATE:
{
bwndCPC « h¥ad;
InitAppOpLs()s
InitCom (AppOpts .Port] )
LoadCurser {KULL, IDC_ARROW};
LoadCursor {NGLL, IDC_YAIT) s
uDSPNRg = Regi 4 1

/* Inicislize the Sound Recognition Xngine */
i¢ (sralnitialize{ LookAtBiggius ))
returm -1

return 0
} 77 ™D o wi_cREATE
case WM_DESTROY:
{

HANDLE hTempl, hTemp2;

hTeepl « (HARDLE) NULL;

bTemp2 = (HANDLR)NULL;

hTempl » GlobalPtrEandle( (LEVOIDIADPOPLS.szHaveFile) ;
2Temp2 = GlobalPtrEandle((LEVOID)AppOpts.sxPhonexaFile)
hTespl = GlobalPres(bhTempl},

hTeap2 = GlobalPres (bhTesp2);

Quitcon() s

sreCleantp();

PostQuitMessage(0);
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retura 0
)
default:
return (DefNindowProc (bWnd, mag, wParam, 1Paraa]];

}

} // o0 or Mainmndproct)

N deats

PURPOSK: Initialixss window data and registers window class

/
BOOL InitAppli i {
WNDCLABS wC)
wc.style = CS_WREDRANW | CS_VREDRAM;
we,lptnwndProc = MainkndProc)
we.chClamxtra « 0;
wc . chindRxtra » 0;
we. hInstance = hInstance;
wc.hicon - LoadIcon(NULL, IDI_APPLICATION))
we_hCursor = LoadCurmor (NULL, IDC_ARRON);
wc - ject (WRITE_2RUSK)
wC.lpsxdenulase = NULL)
we.lpazClasstiane = laxs®;
veturn (RegisterClass{kwc));
} // Tep o InitApplicatieni)
!
PUNCTICN: InitInstance(MANDLE, int)
PORPOSE: Saves instance handle and creates main window
7/

BOOL Ini

h int {

bWads

Nlnat - hInstence;

h¥ad » CrssteNindow("CRUMainClass®, *CPU Kain®, WS_OVRRLAPPEDWINDOM,
on_ cH_ LR o) .
NULL, NULL, hInstance, NULL):

1z (1hwnd)
return (FALESE):

{ , SW_] ’
TpdateNindow (hund}

return (TRUE);

} // ®D OF InitIastance()

FUNCTION: Win¥ein({NANDLE, EAMDLE, LPSTR, int)
PURPOSR: ealls initialization funetics, processes messags loop

int PASCAL b3 HAWDLR

/

LPSTR lpCmdLine,
int nCmdshow)

use zag;
if (IhPrevinstance)
©1f {(ITaitApplication{bIastance)}
return (FALSE);

InitcPupata();

if {1InitInstance(hInstancs, nCmdshow))
Taturn (FALSE))

while (GetXessage(k:sg, NULL, ULL, NULL)) {
TranslateMasaags(cneg) )
DispatchMazzage (Smag) 5
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}
TermCPUData();

Teturn (mag.wParam})

} /% xND OF Winkain() */

FUNCTION: InitAppOpts
FDORPOSE: Initizlise the applications options.

void Initappopts (void)

{

HANDLE hTespl, bTemp2,

hTempl = (RANDLE}NULL)

hTemp2 = (MAKDLE}NULLj

bTempl « GlobalAlloc(GPTR, 30)s

hTenp2 « GlobalAlloc(GPTX, 80)f

AppOpts.s:Wavarile = (char *)Globallock(hTempl};
AppOpts.srPhoneme¥ile = (char ¢)Glaballock{hfamp?);

Appopts aID - leInt { , . D°,
SRC_KICHROPEONE, “dspecpu.iui®];

AppOpts .DestID = lelnt ( . “Deatip®,
DEST_PORT, “dap-cpu.ini%),

GetPr 211 t » "szNaverile", "racord.wav®,
(LPSTR) AppOpts . sxWeverile, 30, *dsp-cpu.ini®};

1 t ’ '1la®, “words*,

(LPSTR) AppOpts .aaPhonemerile, 30, *dsp-cpu.ini=),

Appopts.Fart » lammt ¢ . “Porte, 1/vcamiv/,

dsp-cpu.ini®};

} /7 XD OF InitAppopta ()

fendif /¢ END OP #ifdef _WINDOWS */

#ifdet

}
$endif

__cplusplus
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#include <stxing.h>
#include <stdic.h>
#include "arrox.h*

char XxrorBuff[128};

void DabugOutput (UINT flags, LPCSTR lpsz} {
char Buff£(32],

switeh (flagm) {
case DBF_TXACK:
xtrcpy{Buff, “\n*)f
brasks

case DBF_WARNING:
strepy (Buff, *\asMaraing: "},
breaks

casa DEF_XEROR:
strcpy (Buff, "\nKrror: “);
braak)

caze DBF_PATAL:
strcpy (Buff, *\nFATAL_XRROR: "};

break;
default:
wapriatf (Buff, "\nch#0dx>: *, flags),
brask;
}

#ifdaf DOI
printf (Bufre),
printf(lpxsz)

#alse

¥z priats (Bufe),

V7 prints (1psz),
OutputDebugString (Buts)
OutputDebugstring(lpaz) s

#endif
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File: evaluate.c

Description: Evaluate frame infomation

Tabs: 3
Owner: XNewson

Date created: 02/30/1334

Synopsis: Take a frama gtructurs and f£ilter it through rulers until we
get a unigue phonic.

#include
#include
#include
#include
#include
#include
#ioclude

*synergy.h®
"asp.h”
“errors.h®
*stdrds.b"
"evaluate.h®
"pascii. b
*poasible.h*

BLOBAL int MaxAnpl;

/* from patanali.c 4/
extern int pat_anal3{ int lues, int ngld,

lues, float lues, POSSIBLE b3}

extern int FindClosest{ int freq, int *arr, int nwmlnArz ),

/= High enargy noise is considered to be above thiz level */

fdetina
#detice

HIGE_FREQ_FLOOR £000
zoc_2 0.301029996

/STUNCTION BXADKR***+sesssscanennnwaonc

WAME : Is¥ricative .
DRAC: Routine to tall us if thexre iz may high esergy noi: &t this point.
™ eframs - ptr to a pmi point.
oUT:
RETURN: Boolean: D - if Do high noise at this point.
1 - if there i3 high noize at this point
NOTES: We will use this to detarmine fricatives. High noise is considered
to be any signal detected above §000 K.
The relative amplitude also needs to be lowlli! It is possible to
have & non-fricative sound with some high frequency stuff in it.
¥e bave seen it before, however, high fraguency and low amplitude
togetber should bs a good division factor.
*END_HEADER' /
#define FricAnplihreahold §5
static int Is¥ricative( struct NIGGIRS *frame )
{
int Tetval = FALSK; /= sssuwe 0o high soize */
int iy
int TelAmpl,
int nEits » 0;
€or (4 v 0; 1 < MAXFORMAMTSy i++} (
it (frame->ffraqli] »= HIGR FREQ_FLOOR) {
NHLCI+er
break)
H
}
TelAnp? = (int}((floak)frame->Las / (float)MaxAmpl * 100.0);
if (nHEits »= 2 &&
Telawpl <= FricAmplTbreshold ) {
retval = TRUE;
}
Teturn rekval;
}
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/*FURCTION_HEADER*
HANE : Tspurst
DESCt Boolean Lest to tell if we axe Jocking at a burst or not.
m™:

“RND | /
int IsBurst( struct HIGIINS *frame )
{
/* It is unvoiced and very sbort such am a plosien */
42 { frame->type == ‘U’ &&
frame->pmi <= 3 )
ratura TROX;

7% else if { frame->type as *V' )} 7?22?27 */
alva

return FALSKE;

Witdet CALCFORMANTSTD
/*FUNCTION_HXADER*"sovreernanavwonawnvw

AKX CalcFormantStd
DESC: Calculate the new Pormant Standards based upon & Fo.
vpFormula - Ftr to & null terminated array of Formulas.
*pstd - ptr to the array of
Yo - The 1 at which to the
ouT: *pStd - loaded with the naw Standard data.
RETURN:  Nona
NOTES: Usad for Voiced recognition.
¥{i) = (= * Po) + b Formant Irequency as & function of Fo
*END_EEADER 7
static void CalcFormantSta( FORMULA *pFormula., STARDARD *pstd, int Fo )
{
int i

for (1 = 0) prormulaii].Pascii != 0; i++ }

{
/% Which pascii value is azsciated with these forments =/
PStafi] .pascii = pPormulafi] .Pascii;
/* Formant 1 */
pStd[L) . .patteznl0) = (prormula[i].Ki{0) * ZFo) + proxmulalil.Bl0),
7+ Foxmant 2 ¢/
pStd[d] .pattern(l] - (pPormulali] .x{1) * Fo) + pPormula(4].B{1]:
/* Formant 3 */
pStd(i] .pattera(2) w (pFormulali).M([2] * Po} « proxmulz[1].BI2};
}
}
Handif
/ _EEADKR
NAMR CalcEar¥orsantstd
DRSC) Caleulate the nev Farmant Standsrds based upon a Fo.
IN: *prormula - Ptxr to a null terminated array of Formulas.
*pStd - ptr to ths aTxay of s
. 70 - The fundamental frequancy at which to avaluate the standards.
OUT: *pStd - loaded with the new Standard data.
RETURN:  Nona
WOTES:  Used for Voiced recognition.
TI) » (m* ¥o) + b Forsant fraquency as a function of ¥Fo
TERU ] /
atatic vold CaleHarFormantStd( HARMOMIC FORMILA *pFormula, STANDARD *psStd, int ¥a )
{
int 1, 31

static iot firstTime = 1;
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if (firstTime} {
£irstTine e 0)

for ( § « 0, pStdlj] .pascii le 0; 3+« } {
for {1 - 01 i < WUNOYBANDS) 14+ ) {
prorxulaii] .band{i].b /= 50.0;
pForeulafi] .band(i].m /= 60,05

for (] « 0) pSta[i] .pascii 1~ 0 J4+ ) {
for { i = 07 1 < KUMOFBANDS) i++ ) {

pStdl3) .patternli] = {pPormulalj].band[i}.b - (pPormulalj].basndli).m ¢

(2loat)¥0))
3
}
)
$1fdet OLD_EARMONIC CALC
/*FUNCTION NEADER®swesnnvesessasaseters
HANK : ComparwAgainetXgrmcmics
DESC: Calculats the new Harmonic Formaat Standards based upon a Fo.
INs *pFormula - Ptr to a null terminated array of Yormulas.
*pStd - ptr to tha arzay of
*frame - ptr to currwat pmi point in Eiggins list.
oUT: *p3td - loaded with the new Standard dats.
RETURH:  Xone
HOTES: Tsed for Voiced recogmition.
sBlam=*Fo s by
Yicale = Fo * 244(31/12);
¥2calc « Plmatch * 244(83/132);
Ficalc = P2makch * 244(83/12),
Pimatch
*END_HRADER ’

Btatic void ComparsAgainstBarmonics( MARMONIC_FORNULA *pFormula,

STANDARD *pStd, stxuct HIGGINS *frame )

int ic 3

iat E2

iot Foatch(3];

int tHuZ MAX_PATTERN_LEN] ;
2lcat CurDistance = Of
£loat aige;

for ( i = 0, pFormulali].pascii Is 0; ies |
{
memmova( tbuif, frame->2fraq, WAX_ PATTERN_LEN * sizeof(int));
mecsst { Pmatch, 0, 3 * wizeof{int] }:

/* Wbich pascil value is amscicted with thegs formants */
PStA[1) .pascii = pFormula[i] .pascii,

&1 » (pFormulalil.m * Zxame->¥o) + pRermulafil.b;

/* Yormant 1 */
P5td[i] .patternil] = frame->¥0 * PowerTblLookup [sl];

Fratck[0] » FindClozest{ pStdli).pattem(D], tbuf, KAX_PATTRRR_LEX };

/* rormant 1 4/

PpStd[i].pattarn[l] = (int]{{(float)rmatch(0) * PowarTdlLookup [pFormule [1) .221),
Pratehil] « PindClosest( pStdli) .pattern[i], thuf, MAX_PATTEEN LEN ),

/v Formant 3 */

PStdli) .pattern[2] = (int){{float}rmatchli] * PowarThlLaakup (pFormula {i} .31},
Puatch(2] o FindClowest( pStdli].pattera(2}. thuf, MAX PATTERN_LEXN );

/* Go ahsad and calculate the eclidean diwtance sow aince we
bave all of the needed information at thiy point.
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prevent us from calculating the Fmatch'd nunbers agais in
Pat_anali(), e/
CurDistance = 0;
for {f » 0: 1 < 37 J+4) {
it (roatch{3l) {
diff = ((floxt) (Fmatch(]) - pStd[i].pattern(i))
/ (floak)Fmatch[i] ) * 100.0;
Curbistance s {9522 « diffy;

)

CoxDistescs » sqrt(CuxDistance),

/* Inmert current f£inds in Phoneme from minimun distance to max.
1 currently don’t have anything to pass for relAmpl and duration. ./
¥itdet SAVR_RALP_STERS
PInsext( frame-spascii, pStdlil.pascii, CurDistance, pFormolali).relimpl, O,

Fmatch )y
e
PInsext( frame->paseil, pStdli}.pascii, CuxDistance, prormuallil.relimpl, © )
#andit
}
/¢ Adjust the Kuclidean distance to a probability value in the range of 0-100
* using the formula {1 - i/sum)/in-1) * 100. This way the sum of the
* confidence's will add uwp to 100. */
4 lity( 2 P i)s
}
#andi s
MAME : Adjust¥orRalinpl
DXSC: Adjust the confifanuce lsval in the array of possibles according to
what we £ind for the Relxtive Amplitude of the current poi.
IN: “frame - currsst pel frams
*pPossible - Array af current possibilities and their confidence level
and the standard relative Amplitude for sach.
ouT:
RETURN:
NOTES:
Calculate the difference batwesn the maasured relipl and the stdrelAspl
and rankx them from NAX_POSSIBILITIES t0 1. Sux the rank of the
contideace valuss snd the rsak of the relampl differsnces and then
Tesort based on tha xum rank.
*EMD_) XR: /
atatic void AdjustForRelimpl( struct WIGGINS “frame, POSSIBLE *pPossible )
{
iat i,
min « 1000,
max w 0,
Telkmpl,
dif£ DOX POSEINILITIES)

flozt twpflomt;

POSSIBLE tPossible)
BOOLEAN flag;

/* The measured relative amplitude */
TelAmpl = (int) ({flcat)fzrame->Ls / {float}XaxAmpl * 100.0):

/* Calculata the differences and £ind tha abrolute min and max ./
for {4 = 0; 1 < MAX_POSSISILITIES) {4+ }

{
AiLL[1) » ab# (pPoasibla{i}.rulAmpl - reliopl);
A€ ( ALZ£[1) > max )
Dax = Jiff({];
elss if ( Aiff{i] < min }
min = difg(i],
}

/® If there's Do mejor differences then don't bother */
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if { max ~ ®in < 10 )

return)
flag = TRUE;
while { flag }
(

for ( 1 = 0 1 <« (MAX_POSSIBILITIRS - 1)) ies }

{

flag = PALSK)

/v If the confidencas are fairly close but tha i+2 diff
is substactially amaller then swap the two but not the
confidescas. ¢/

if { {pPossiblalil.c - pPossibleli+ll.c) < 5 &s

AL2L{i] - AiffI4e1) > 10 )
{
tPazsible = proszibleldi):
pPassibleli] = pPoasiblaliel];
PPosaibleli+l] = tPossidblay
tapfloat = pPossiblali]l.c;
pPossibleli).e = pPowsiblelisl] . c;
pPoszibleli+l) .c = tmpfloat;
£lag = TROX;
}
}
}
}
/ _HEADER
FAME : Evaluate
DXSC: Evaluste the frame information and pragress dowvan a
tres until &« unique result iz cbtained
IN: *Irmgtart - Start of the biggins 1ist to start evaluating at.
oUT:
RETURN:
MNOTES: This function will consist of two major parts.
Recognize the phon's {atomic sounds!
XN /
izt Xvaluste( struct BICCINS ~frastart, int dspMaxizpl )
{
struct HIGGINS *frame = frostart;
£loat Kessuredvalues [NUMOFBANDS * 2};
int 1
Maxhzpl = dspaxAnpl;
!
/% Process every noda representing the Point of Maximum Intelligence
and £ind the phon‘s that they represent.
/
while (frame 1= NULL) {
/* 1f its not & Point of Maximum Intelligeace thea we don't need
to evaluste it., */
#ifdaf  Pure ONLY
4f (1 frave->pmi) {
frama = frame->next;
continue)
H
#andif

InitializePossible! fxame->pascii §;

/* Copy the Keasured valuas into the match azzay */
* 2 = sirecf(float));

Nemsat (

/* Pull out paseii #39, 40, 41, 42, 47, 48 “/
1f {IsBurst( Zrame 1)
{
/* find the max amplitude farmant
12 ( maxawpl < 1500 )
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{
if ( trame->bype == V' |
its a p
slam
its a >
}
4lze 1f { maxawpl < 4000 )
{
12 ( frame->type w= V' )
ity a g
it a k
) .
olze
{
it ( frame->type == °*V' )
its a d
elaa
itsat
}

*/

/* Divide Voiced from Unvoiced */
else 12 (frame->typw == 'V') {
for (i = 1; 1 < NUMOFBANDS; iw+) {

/% Why sBould I have to tesk for frame->¥o I= 0, Tt should

never be
but I‘m getting it. =~/
17 (2 reqll) & £
MeasursdValues(i-2] » (0.3 »
log((float) trame->Efragqli] / (float)fxame->Po)) / 10G_2,
3}
elze {

MessuredvValues[i-1) = 0.0;
}
}
for (i = 1) i < NTMOFEAMDS; i++) {
if (fxame->amplli]) {
Meayuredvalums [NUMOFEANDS-14i] =
(£1lcat)frame->amplli] / {(float)frame->Ls;
}
elas {
Massuredvalues {NUNOFBAEDS-14i) =
}

/* Distinguish hetwesn Pricatives and other sounds.

o.0;

If thare

is ¥igh Praq Noise. then we are azsuming its a Fricative.

(¥58, #50, 962, or #66) =/
if {te¥ricative{ frame )) {

/* Compare and evaluate the measurwd data mgainst the

Esxmonically
formulated standards. This does
analysis at the

a pattern

tima of the calculation of the standaxds since we

alzesdy hava
the {pformaticn we naed Lo compars at that time.

./
’” c ol Vai las
VoicedFricStd, frase ); s/
#ifdaf  DONT_HAVE_ANY

cal { 1as, Voi .
frama->¥o )y

Pat_anall( NUMOPEANDS * 2, NUMOFBANDS * 2,

Voiced¥ricstd,

NexpuredvValues, frame->paseii };
denair
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frame->Fo );

*)Vvoi (float *)

316

/* Then its & vowel, nasal or semi-Vowel =/
else {
CalcHarFormantStd| VoicedHarOtherPormulas, VoicedCtherStd,

pat_anml3{ (int) (NUMOFBANDS * 2}, (iat) (NUMOFBANDS * 2},
(STANDARD

measured valus
ones with ths

*/
/e

=/

}

(POSSIBLE *)frame->pascii );

/* Fow look at the amplitude to help boost our confidence
laval. Calculate the difference between the

and sach of the standards for relAmpl, moving tha

lovest diffexeance further up the POSSIBLE list.

AdjustForRelAmpl( frame, frame->pascii ):

/* Unvoiced pmi */

alze {

combinaticn of phons).

the phonsmss. bjb */

/* Includes uavoiced fricative (#57, #53, 461, or #65)
We think these are phonemes (ie. &

Thesa will be found later when we combin

pat_ansl3( 0, @, Unvoi lues, frame->pagcii

frame = frama->next;

fn
s -/
}
}
return ALL_OK;
}

- Page 209 - Docket No.: 132172



WORKMAN, NYDEGGER & SEELEY

A PROFESSIONAL CORPORATION

ATTORNEYS AT LAW
1000 EAGLE GATE TOWER

60 EAST SOUTH TEMPLE
SALT LAKE CITY, UTAH 84111

17

18

19

20

21

22

24

25

26

5,640,490
318

Aitdes —_Splusplus
extern *c* {

fandis

#undef CRT

#include cwindows.h>
#include cmusystem.h>
dinclude «<stdio.b>
¥include «stdlidb.h>
#include "federatn.
#¥izclude *_fuderst.
dincluda “trol.h=
//4include *sio.h®
#include *simpleio.h*

/® 10248 + 5 * 256 */
fdefine VBDATASIZR

#ifder _WINDONS
loog FAR PASCAL WainWndProc (RWHD hMad,

UINT mg,
WPARAN wParam,

LPARAM 1Paxam)
BOOL InitApplication (MANDLE hlIngtance);
BOOL Ini (BANDLE hInst int ]
#endis
void ProcessWave¥ile(char +WavePile),
char *GatWaveFile(void);

#undef CRT

int bhInst;
EWND bwndPed)
TraiContext Tred;

iat PortlDd;

APP_OFTS  AppOptma{SRC_MICEROPEONE, DEST_PORT, NULL, MULL, /*CONL*/1};
4itdes FroWFILX

rILE *g_fpFhonemerile;
f#endiz
atatic MCI_WAVE OPEN_PARMS  WaveParms;
atatic MCI_RECORD_PARMS RecordParma;
static MCI_WAVE_SET PARMS SatParms;
DWoRD meifrrox;
/* Globalm */
stxuct COMMANDLINE cloj /* cowmaod line options */
int *¥b_data = NULL, /% Voiced data *+/
Soundhumbar,
PersonMunbar,

TotalMicrobes w 0,

Xicrobes = 0,

ocalls = ¢,

2EotXic » FALSK)
device */

Yifdef WDDONS
7

FOMCTION: MailoWndProc{EWND, UINT, UINT, LONG)
PURPOSE: Pxoce:

ox mexzages

WESSAGES =
W0d_COMMAND - spplication menu
Wa_CREATE - create window and chjacta
WM_DESTROY - destxoy window

long FAR PASCAL __ export MsiawadProc{
OND L¥nd, UINT msg, WPARAM vParam, LPARAX lParam
i
Lo hMenu,;
static HCURSOR hSavCur)
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switch (osg)
casa W¥_CREATR:
HENENU

hwndFad = hWnd;
#iZdaf PROMYILE

320

BKenu;

g_tpPhonemerile = (PILE *)NULL;

Rendif
InitAppOpts{);

Started\n=) ;5

IaitCom(AppOpts . Port)
LoadCursor (NULL, IDC_ARROW))
LoadCursox (NULL, IDC_NAIT)
hMenu = GetXenu(hMnd) s

CheckKanurtas (bNanu,
IDH_SHICROPHONE+APPOPLS . AOUXCeID-SRC_WICKROPEONZ,
MF_CEECKHED) )

CheckNenul tem (hMenu,

IDM_DWAVEFILE+AppOpta .DaatID-DEST_WAVEFILE,
WF_CHRCERD) 1

return )
} // B OF WK_CREATE
case ¥WM_DESTROY:
SavakppOpta ()
QuitCan (),

vostQuithessaga(0);

return 0;

care WM_COMOAND: {
avitch(wraxam} {

casa IDM_EXIT:

{

acikrror « moiSemdCosmand (
WaveParms.vDeviceID, MCI_STOP, NCI_WAIT,
[DWORD) &WavePazms

br

=RC1EYZ0X = mciSendCommand{
WavaParns.wDeviceID,
MCI_CLOSE, NCI_WAIT, (DWOKD} aNaveParnz

¥

DastzoyWindow (aWod) »

return 0)

} #/ oD oF IDM_RXIT
caus IDM_START:

{

dialog box

MC2 TO | NCI_YROK | NCI_RECORD_OVERWRITE,

MAKEINTRESOURCE (IDD_DIALOGL) ,

MAKELONG (HaveParms.wDeviceID, 0}

- Page 211 -

if (wParama=xID¥ _START) {
InitSound();
}
// begins recording, then displaya the RECORDING

// to allow STOP to be pressed
/7 intentiaomally falls through to IDM_STOP
OutputDabugString {*Racording ...\n");
if (AppOpts.sourcalID <a SRC_NICHROPEONEZ) {
Beikrror « mciSwndCommand (
NaveParss.wDevicelDd,
MCI_RECORD, MCI_WOTIFY |

(DWORD) ERacordParms
¥z
DialogBoxParan{

hiast,

h¥nd, (DLGPROC)RecordDlgProc,
(LPARAK)
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to

MCI_WAVE_STATUS_LXVEL;

o, M REMOVE)) {

Transiatedeszage {smsg);

Dispatchisssage(kxag)

NCI_STATDS,

KCI_WATT,

800}

varisble

17

(

#1roef FROMPILE

322

case IDX YOI

/{ watches for an izput signal, thea falls through

/¢ IDM_START procesaing

1f (AppOpts.sourceID <= SRC_KICHROPHONE) {
MCT_STATUS_PARMS StatusPares)
%36 nsg;

Initdound(},
StatusParms.dviten «

do {
AL (PeskXazsags{iwag, NOULL, O,

}
®ei¥rror o meiSandCoamand (
SaveParms.vDavicalD,
NCI_STATUS_YTHM |
(OWORD} &BratusParmy
by
} while (LOWORD{StatusParms.dwReturn) <

‘// Wa should make the "300" value

// swlucted fzcm » menu opticn

case IDM_STOF:

fopen (AppOpts.azbhonemeFile, “wit*);

fendit

to Elrond\n');
14

#ifdef FROMTILE

kendif

124
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TermSound(},
{*Done LN
L.IDC_WAIT));
Indts$10(},
Af (YnitTrol (&Troi))
ratuzm (0]

if (AppOpts.sourcaID <= SRC_MAVEPILE) {
Af (APPOPLE.DastID w= DEST PHONENEFILE)

g_fprhonemarile o

}
4€ (AppOpRts.DestID > DEST_WAVEFILE] {
QutputDebugString (*Giving file

GiverileToElrond (AppOpts.sxMaverila),

if (AppOpts.DestID w= DXST_PHONENEFILE)

fclose(g_fpPhoneme?ile} s
g_fpPhonemerile » NULL;

}
) wlza {
GivePhonemeFileToTrol (&Trai);

Ead0fScunds (6Tx0d) s

QuitTrod (&Troils

Turm9I0())

OutputDabugsString (*Closing process\n*);
hSavCur = SetCursor (hSavCur},

return 0;
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} /7 &¥p or IDK_STOR
case IDX_OPTIONS: {
FARFROC  pOpticnsdlgProc:

tionsDlgP: -
bInst) s
Dialoglox(
hInst, MAKEINTRESOURCE (IDD_OPTIONS) ,
Bn¥nd, pOpticnaDigProe

}
ratum 0y
case IDX_SHICROFHONE:

case IDM SKAVEFILE:
case IDM_SPRONEMEFILE:

HNENU bWenu;

bNsou = GatMenu(hwnd),
CheckManuIten (hNenu,

ADPODts . 80UZCOID+IDM_SHICROPHONE-SRC_MICHROPEQGNE,
MF_UNCEECKED) ;
CheckMenuXtem(bMenu, wParam, MF_CEECKED);
APpOpts . 20uTCeID =
wPaTaM- IDM_SRYCROPHONY+SRC_NICRROPNONE,
zaturn 01
}
case ITN_DMAVREILE:
case IDN_DPHONEKEFILE:
case IDM_DSCREEN:
case IDM_DIO:
{

INENT hNenu;

bMany « GetMeny[b¥ad)
CheckMenuItes {bMsnu,

AppOpts .DastID¢IDM DNAVEPILE-DEST MAVEPILE,
. NF_UNCHRCKED) ;
CheckMenultem{bhMenu, wParam, MF_CEXCKED) 3
AppOpts . DestiD =
wParan-IDM_DWAVEFILE+DEST_WAVEFILE;
zaturn 0;
}
dafaulyy
return (DefWindowProc(hMnd, msg. wParam, lParam}};
} //switer wparam
} 7/ case Wu_COMKAND
default:
return (PefmindowProc(hWnd, asg, wParam, lParasm)):

} // TND OF Maiz¥nderoc{)

#andif /¢ IND OF #ifdaf NINDONS

FONCTION) InitAppOpts
PORPOSE: Initialize the applications optiona.

'
vord [nitAppOpts (void) {
char Buff[256])
long 1Buff,
AppOpts.sourcelD = GatPrivatreProfilaIng (
. » SRC, tair

b "
ADPOpts .DestID = GetPrivateProfilelInt (
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“Federation”®, "DastID¥, DXST_PORT, *fadaratn.ini®

)
if {Qmute.

ing( *,

258, "federatn.ini®}) D)

AppOpts.sz¥averile s nalloc(1Buff+l})
Atrepy (AppOpte.sz¥averile, Buff),

} olse {

AppOpts.sxMavaPile » malloc (strlen{~record.wav*));
strepy (APPOpts.szNaverile, *record.wav®);

(1Buff=GetPrivateFrotilestringl
“Federation®, *szPhonsmserile®, ", Buff, 255, “fadarata, ioi®

M im0
)V (

AppOpta. BzPhonemaFila » malloc{lBuffel);
atrepy (AppOpts . szPhonemerile, Buf];

} atsa {

AppOpts.szFhonemerile = malloc (strlan(®worda®)),

strcpy (AppOpta.azPhonemerils, “words'))

}

AppOpts.Fort = GetPrivaterrofilaInt (
*Fedezation®, "Port®, 1/¢CON1*/, "federatn.ini®

)i
} /7 =D OF InitAppopts(}

326

", Bufg,

FIACTION: SeveAppOpts

PORPOSK: Save the applications opticas.

void SaveAppopts (void) {
cher latBuff[17],

WritePrivatsProfileString {
*Zaderation®, "scurceID™,
Atoa (AppOpta.sonrceID, intBuff, 10). "federstn.ini®

¥

WritePrivateProfileString (
"Federation®, “DestID,

itoa(AppOpts.DestID, intBuff, 10}, “faderatn.ini®

)s

WritePrivateProfileString {
fca®

ini*

. le*, AppOpts

12 {AppOpta.2iMaverile |a NULL}

{

Izes (APpOPLs . ax¥averilal s
AppOpts.azNaveFite = NULL;

MritePrivateProfilastring ¢

*Fedaration®, "sxPhonemerile", AppOpts

ile,

ind®

12 (AppOpts.s2Phonemerila |s NULL)

{

1ruw (AppOPts . s:2honemarile) ;
AppOpta.azPhocenalils ~ NULL;

}

WritePrivateFrofileString (
"Fadaration®, *Port”,
itom(AppOpte.Port, intBuff, 10], *federata.ini*

bF3
} // KRD OF Savahppopts()

FUNCTION: CprionsDlgProl
FURPOSE: Sat opticns theas options could bave alraady besn retreived
$rom the *.ini £ile, et by the command line, and/or altered by this

dinlog.

BOOL CALLMACK Optisastlgvroc{
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EWND bwodDlg, DINY myg, WPARAM wParan, LPARAK lPaxem
v {
LRESULT 1Result)

switch (mag) {
caze WK_INITDIALOG!
SendDlgItamiesnage{
bwndDlg, IDC_MWAVEFILE, We_SETTEXT, 0,
(LPARAM) ApDODES . 8z¥averile
}i
SendD1gIteaMessage(
hwndDlg, IDC_PEOWENEFILX, W¥_SETTXIT, O,
(LIARAM) APPOptS . s2Phonemerile
)

SandblgItemMessage (hwnddly, IDC_PORT, CB_RRSETCONTENT, 0, 0);
1Result = SendDlgItemKessage{
bwadDlg, IDC_FORT, CE_ADDSTRING, O, (LPARAM)*CONL®
Yy
if (1Rmmultsed) {
SendblgltemMesssge(
bwadblg, IDC_PORT, CA_SETITEKDATA,

LOWORD{1Result), 1

Sy
}
1Result = SendDlgItenkeszage(

hwodDlg, IDC_FORT, CB_ADDSTRING, 0, (LPARAN)~COM2"
N
4if (1Ramult>=0} {

SendPlgItanMessage {

bwndblg, IDC_PORT, CB_SETITEMDATA,

LOWORD {1Result), 2
1y
}
1Rasult = SendDlgItecMessage(
hwndDlg, IDC_PORT, CB_ADDSTRING, O, (LPARAM)®COM3®
3y
if [Resultam0) {
SendD1gItemiessage
hwndDlg, IDC_PORT, CB_SETITENDATA,
LOWORD (1Result), 3
Ys
}
1Result = SendplgItemMessage!
hwndDlg, IDC_PORT, CB_ADDSTRING, O, (LPARAM)"COKA®
Vs
if (1Result>w=d) {
SenADlgItsodensage(
hwndDlg, IDC_PORT, CA_SETITEMDATA,
LOWORD (1Result), 4
1
}
lResult » SanddlgXtenMessage !
hwndDlg, IDC_FORT, CB_ADDSTRING, D, (LPARAM}*COMS®
Y
if (1Reault>=0) {
SendDlgItenMessage(
hwnddlg, IDC PORT, CE_SETITEMDATA,
LOWORD (1Result), 5
LR
}
1Result = SendDlgItemMessage(
bwndDlg, IDC_PORT, CP_RDDSTRING, 0, (LPARAM)®COME®
Y
12 (1Result>s0) (
SendDlgItemMonsage !
bwndDlg, IDC_RORT, CB_SETITRMDATA,

LOWORD (1Reault), &
Yi
}

1Result = SendDlgItesMessage(
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LOWORD (1Result), 7

LOWORD(1Result), 8

LOWORD (1Raxult), §

330

hwadDlg, IDC PORT, CB_ADDSTRING, 0, (LPARAM}*COM7*
b
if {1Reault>=0) {
SendDlgItamMessage(
hwndDlg, IDC_PORT, CB_SETITEKDATA,

3
)
1Result » SendDlglLesMessage(
hwmdblg, IDC_PORT, CE_ADDSTRING, O,

(LPAZAK) "COME®
11
if {1repult>w0) {
SendDlgItemiassage
hwndDlg, IDC_PORT, CB_SETITEMDATA,

b
)
1Rezult « SendDlgItenKeszaga(

hwndDlg, IDC_FORT, CB_ADDITRING, 0, (LYARAK)~COK9*
3y
12 (1Result>=0) {

SendDlgltemXessage

hwndblg, IDC_PORT, CB SRTITEMDATA,

b

SendDlgItemMessags (hwndDlg, IDC_POXT, CB_SETCURSEL, AppOpts.Port-1,

switch (vPazam) {
case IDOK: {

}
o)t
Teturn TRUX;
Case WAL_COMMAND:
char BuLE[256)4
int sxBufs;
//og1w

EX_GFTMODIZY, 0, O

LOWORD (SandDlgTtem)

get

IDC_WAVEFILE, EM GRTLINR, O,

{LOMORD (82Buff) +1);

Buffl,

EX_CXTMODIFY, 0, 0

/* mave off cptions hera */

iz ¢
SendnlgItenkessaga (
NmdDlg, IDC_WAVEFILE,
)
1 {
1f (AppOpts.sz¥averile) {
Zree{AppOpts.sxMavarile);
AppOpts.szWavarila = NULL,
}
*(int *IBuff = 256;
if (
{8ZBUEL «
bwadnlg,
(LPARAM) Buf £
1111m0
1 ¢
BULL [sxBuLL] = O
AppOpts.szNaveFile = mallee
strepy (AppOpts.sxWavarile,
)
}
iz ¢
SendhlgTtesMessnge
hwadDlg, IDC_PHONENEFILE,
1
1

1f AppPOpPts.szPhonamarile) {
frue (AppOpta.azPhonemerile) ;
AppOpts.szPhonemaFile = NULL;
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AppOpts . szPhonene¥ile = malloc

strcpy (ADPOPts.#xPhonemerile,

}
*{int *)2uif = 256;
if
(wzBuff w
LOWORD (SendD1gItexXessags
hwadbig,
IDC PHOMENXYILE, EX_GETLINE, O, [(LPARAM)BuL?
L RALL)
'
BuLL[s3BuULL] = Oy
s2BULLs]) s
Bugf),
}

}

AppOpts.Port » LOWORD(SendDlgItemMessage(
hwadblg, IDC_PORT, CB_CETITEMDATA,
LONORD (SendDigItemiessage {
hwndplg, IDC_PORT,

CB_GRTCURSKL, 0, 0
12
o
3

} /% Thers is no break/return hers ou purpose */

case IDCANCEL:
EndDialog(hwndDlg, wParaa);
bresk;

dafault:
return PALSK;

} /7 ®ND Q¥ OptionsDigPxac()

FUNCTION: InitSound
PURPOSE: Initialize the Sound stuff if needed
P 7
int /=0X*/ InitSound(void) {
int RatValal;
char BuLL(255) 1

4z (AppOpts.sourcell <w SRC_WICEROPHONE) {
1 priotf(*\nremove returned X4.%, rencve [AppOpta.aszWaverile));

// Initialize all the MCI structures, cpen the WAVE AUDIO device

/7 and set it to 44100 sawples/sac, 16 bita/sanple, stereo
menset (tWavaParms, O, sizecE (NCY_WAVE_OPEN_PARNS)),

memset (iRecordParas, 0, sizeot {MCI_RECORD_PARNS)),

mamsat (iSatParms, 0, sizeof (MCI_SET PARMS});

RecoxdParms .dwCallback = (DWORD)hwndred;
RecordParns .GwTo = 60000L)

RecoxdPazns .dwFrom = 0;
SetParms.dwCallback = (DWORD)hwndFed;
SetParms.dwAuddc = MCI_SET_AUDIO_ALL;
SetParms.nChannels = 1;
SetParms.nSamplesPerSec = (DWORD)44100;
SetParms.whitsPexSaxple = 16;
SetParms.wPormAtTag = NAVE_FORKAT PCM;
WaveParms.dwCallback = (DNOXD)hwndFed;
WavaParag.vDeviceID = WAVE_KAPPEN;
WavaParas.lpstrElecentName = **;
WavaPsras.dwBufferSeconds = 30;

- :
RMCAEX7OY = WeiSendComuand(0, MCI_OPEN,
MCI_OPEN KLEMENT | NCI_OPEN_TYPX,
{DMORD} &WaveParms);
mciGetRrrorString (mcikrrar, Woff, 255);
BeiRrror » mciSendCommand(NaveParms .wDavicald, HCI_SET,
XCI_WAVE_SET_BITSPERSAMFLE | ¥CI_WAVE_SET CHANWELS |
KCI_WAVE_SET SAMPLKSPERSEC | MCI_WAVE_SET_FORMATIAG.
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(DWORD) &SetParms
b
aciCet¥Trorstring (mcikrror, Buff, 255},
3
Taturn Retval,
} // DO oF Initdound()

FUNCTICH: TermSound
PURPOSX: Undo InitSound.

void TermSound{void} {
MCI_SAVE_PARNS SavePArms;
char Bufg[255])

42 (AppOpts.sourcalD <= SRC_MICHROPHQNE) {
// ¥Mow that T'm usiog the RECOXDING dialog box ta get the STOP
// maszage, this cption means mothing from the menu
mcikrror = meiSendCommand(
WaveParas.wDeviceID, MCI_STOP,
NCI_WAIT, (DWORD} KMaveFarms
N
// savas racordad sound to *RECORD.WAV®
7/ this should be made variable
SavaPazms.lpfilename = AppOpts.saNaveFils)
#cifrror » meifendCommand(
WaveParms.wDeviceID, MCI_SAVE, MCI_MAIT | NCI_SAVE_FILE,
(DWORD} RSaveParms
b
Recordrarme.dw¥rom = 0;
/¢ Plays back what was recorded
1 if (AppOpts.DestID <= DEST_WAVEFILE} {
mcilrror w weiSendCommand( .
WavaFarma.whDeviceID, NCI_PLAY, MCI_MATLT | XCI_FRON,
(DWORD) &RecordParas

by

// Close and recpan WAV_AUDIO device to flush out
// what we just saved
woikrror = mcijendCommand(
WaveParms.vDevicelD,
NCI_CLOSE, NCI_WAIT, {DWORD} &Navararms
3]
Beikrror - mclSendCommand (
@, MCI_OPEM,
NCI_OPEN_ELENENT | MCI_OPRN_TYPE,
{DORD) &Waverarms
L 2}
wciGetErrorstring (mcikrror, Buff, 255))
¥aveRarms.lpptrElementNane = "%,
wcifrzor = mcijendCommand (
WaveParms.wDavicelD, MCI_SET,
MCI_WAVE SET BITSPERSAMPLE | MCI_WAVE_SET_CEANNELS |
HCI_WAVE_SET_SAMPLESPEKRSEC | MCI_WAVE_SET_FORMATTAG, (DWORD} kSetPares
Vs
xciGetErToxString (mcikrror, Buff, 255);
/7 Closs and recpen WAV_AUDIO device Lo flush out
// what wa just wavad
mciErroxr « meiSendCommand(

WORKMAN, NYDEGGER & SEELEY

A PROFESSIONAL CORPORATION

ATTORNEYS AT LAW
1600 EAGLE GATE TOWER

60 EAST SOUTH TEMPLE
SALT 1.AKE CITY, UTAH 84111

23

24

25

26

WaveParms , wDeviceID,

HCI_CLOSE, MCI_WAIT, {DNORD) &MaveParms

Y

wciGetErrorstring {mci¥rror, Buff, 255];

}
} #/ XD OF Terasound()

L4 ON: MSC, WPARAM, LPARAM)
PURPOSK: processes Recording disloy box to allow STOP
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7
BOOL FAR PASCAL _ export ReccrdDlgProc(HWND h¥nd.UINT messags, UINT wParas, LONG 1pazam) {
static UINT oTimer;
static WORD wCounter = 0

char szRUffar[15];

o {
case WH_INITDIALOG:

// reset countar

wCountar = 0

/7 wet & 1/10 mecond timer

uTimer = SetTimeri{h¥nd, 16, 100, NULL};
return TRUK:

case WM_TINER:
// every 1/10th second, updats tha counter on screen
itesa(++wCounter, ssBuffer, 13);
SstDlgItamText(b¥nd, IDC_COUNT, szBuffer);

raturn TRUR:

case WH_COMMAND:
EadDialog(bWnd, wParam))

defaults

return PALSE;

} // mD OF Recorddlgbroc()

LZE

FUMCTION: InitsIg
PURPOSE: Initialize tha 5I0 Port i¢ needed

int /*0K*/ IoitSI0lvoid) {
iat Ratvalal,

1€ (AppOpts.DestID >= DEST_PORT) (

Portll = Opsafranmmitter (AppOpta,Port),

OutputDebugString ("Starting up $I0.\n®);

do

{
RatVal = PortStatus{Portld, PORT_RECTIVER_READY);
Lf (RetVal =s 0)
{

MSG wag;

GetMessage{imsg, WULL, NULL, NULL);
TranslateKezsage (amsg))
DispatchMessage (amsg) ;

} while (RetVal == 0};
(*\nSI¢ iz Teady.\n"),

}

return RetVal;

FONCTION: TarnaIo
PORPOSE: Undo InitSIO.

void TermSIO(vaid) {
1f (AppOpts.DestID >~ DEST_FORT] (
CloseTranzmitter {PortID);

)

Wendif

#ifdef _WINDOWS
Jooe

FUNCTION: InitApplicaticn (EANDLE)
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PURPOSE: Initialixes window data and registers window class

BOOL InitApplicaticn (
WNDCLARS wc,

} ¢ o

we.style = CS_MXEDRAN | CS_VRXDRAW;

we - Kai

we.¢bClakxtys » 0

we.chndRxtra = 0

wc.hInstance » hInstance;

we.hleon = LoadIcon(NULL, IDR_APPLICATION};
ve.hCUTEoT = LoadCursor (RTLL, IDC_ARROW) ¢
wc.bbrlackground » GatStockObject (WEITR BROUSR} )

we - Kaxe E

we. 1pszClassN: -

Teturn (RegisterClasa(awc})s
OF Initapplication{)

WUNCTION: IpitIastance(HANDLE, int)
PURPOSK: Savez instance handle and creates main window

BOOL Ini

(= iat (

} /4 oo

‘hwnd,

hinat = hinstences

h¥nd = CreateWindow(
*FererationMainClass*,
"Voice Processor-,
WS_OVERLAPPEDWINDOW,
CW_USEDEYAULT,
OW_USEDEPAULT,
C¥_USEDXXAULT,
CM_USEDXFAULT,

1

if (ihund)
returp {PALSE};

ShowWindow{b¥Nnd, nCmdShow))
Update¥indowv (hiogd) ;

return (TRUE))
OF IoitInstanca()

FURCIION: WinKain (RAMDLY, RANDLE, LPSTR, int)
PURPUSE: calls initialization function, processes messaga loop

7

int PASCAL WinMain{

1 i
x36

BAXDLE hInstance, EANDLE hFreviastance, LPSTR lpCedLina, int nCadshow
»sg)
it (thPreviostaoce)
if {ITnitApplication(hlnstaace)}
Teturn (FALSE);

i2 (lInie b ]
return (FALSE)

while (GetMessage(tmeg, WULL, NULL, NULL)) (
TranslateKeasage{snsg) ;
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Dispatch¥essage (&msg) 5

}

return {(msg.wParam);
} /¢ DD OF Winkeinl) =/
fandif /* END OF #itdef _WINDOWS */

/
* CheckLinkedList - Make sure that all of
* the list painters are pointing to the
* wight place. This is a debug routine

/
ine
CheckLinkedlist{ptruct BIGGINS +fs)
{
atruct HIGGINS *frama;
Ixame « f8;
printf("\a%),
while ( frame t= NOULL )
{
if ( frane->prev = NULL &t frans = fs }
ratura 0
it { frame->next la= NULL )
{
if ( frame->next->prev i frame )
Teturn 0,
}
42 { frame->prev l= NULL )
if ( frame->prav->nezt lo frame )
Teturm 0;
s
The overlapping nodes we have set to negative loc's »o this now
doesn't make for & hosed linked list.
12 ( frama->loc < 0 )
Teturn 0;
-/

it ( frame-stype
priate( "us ),

olsa
printf{°xc", frame->type);

frame = frame->pext)
printf(®\n*),

return 1,
Y/ END OF CheckLinkedList()

/
¢ GetIoputFila - Get the input wave fila, handle ps and vbss cptions as
¢ well ws wildcard opticns and then process the resulting wave f£ilaes.

void
GetInputPile(void)

char sound[4] « *\o\o\oro®,
person(a] = *\0\0\0O\O",
xp 4] = "\O\O\O\O*,
drive[{XAXDRIVE],
44r [NAXDIR] ,
tileiMAXFILE],
ext [KAXEXT] ,
SoundFilePath [KAXBUFFER] ;
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int i
Btruct fiblk £fblk,

drive [KAXDETVE-1] « '\D')
dir MAXDIR-1) = *\0';
£ileMAXYILE-1] = '\0';
oxt [MATEXT-1] » *\0°)

1f ( clo.ioputpath 1e WULL )
#nsplit( clo.ibputpath, drive, dir, file, ext )

elae
{
clo.inputpeth = GatMavaFile();
fasplit( clo.inmputpath, drive, dir, f£ils, ext ),
}
if ( Strstr(ext, "MAV®} == NULL %& /* Input fils must be @ wave fils </

SLIStriext, "wav*) == NULL )
Errorfandler{ BadInputFile };

/% Process Bom-ps and non-vbsx Files v/

if ( toupper(*file) I= 'P! &&
SErAtT{file, *VBSS") wa NULL &&
stratr(fils, “vhrs®) == NOULL )}

{
clo.vbasPlag » 1;
fomerge{ SoundPilePath, drive, Qiv, file, ext };
if { findfirst{ Soundrilerath, &ffblk, 0 } le 0 )
Teturn;
do
{
¥rocessWaveFile(SoundPilaPath),
} wbile { findoext(&Z£blk) == 0 ),
return;
}

/* Process BS filax ¢/
8lse if { toupperi®file) e 'P* }

{

if { strlen(file) == 8 }

{
stxacpy (sound, &filef2], 3),
strocpy (pexson, &filel5], 3);

}

®lse 12 ( strlenifile) == 6 )

{
styacpy (sound, wfile(2], 3),
strepy (paxaon, *222%);

}

else

{
strcpy (sound, *777*);
stzcpyiperson, *?77%);

H

1f { clo.pnflsg == ALL && clo.soflag we ALL )
{

sprintz{tile, "P?%3IsNIs", sound, persca);

iomarge( SoundFilePath, drive, dir, file, ext )
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do

344

{ finAfirst{ SoundrilePath, &ffblk, 0.} lw © }
return,

stracpy{ file, ££blk.ff namne, B );

strucpy{tmp, =filmi2], 31,
SoundNumber « atoi (tmp))

strncpy (tep, &2ila[5), 3):
ParsonMumber = mtoi{tmp);

fnmerge( SoundPilePath, drive, dir, file, ext );

ProcasaNaveFile (SoundFilePath)

} while ( findnext(&ffblk) am 0 3)

olae if ( clo.pnflag =e ALL &k clo.snflag =a SOME )

{

for (i a 0; 1 < MAX SOUNDS &6 clo.sounduumberafi] 1w 0; d+¢ )

{

spzintf{file, “P7%03axs*, cla.soncdaumbersli), parsen);
fomarge( ScundFilePath, drive, diz, file, ext );

if ( findfizst( Soundrilepath, affblk, 0 }
return;

do

1= 0}

mtrocpy{ £ile, £fblk.ff name, & );

strncpy (tap, &filel2), 3},
SoundNuzber = atad(tap);

strocpy (tap, kfile(s], 3);
PersonNumber « atoi(tmp);

fnmorge( SoundFileRath, drive, dir, file, ext );

ProcessMavarilae(SnundFileFath);

} while { £indnext(62ELlK) == 0 );

alsa if ( clo.pnflag == SOME && clo.snflag == ALL )

{

far ( 4 = 0, { < WAX_PERSONS && clo.parsonnunbers(i] I 0; iee )

{

apxrintz(2ile, “P?%a%03d", sound, clo.personnumbera(t});
2onarge( SoundPilePath, drive, dir, file, ext ),

4f { findfirat( SoundPilaPath, &ffblk, 0 }
ratura;

-

la 0 )

strocpy( file, £fblk.ff zame, 8 );

strocpy itep, wilaf2], 3,
SoundMuaber « atod (tap};

strucpy{top, &file(sl, 3),
PersonNumber = atoi{tap))

famexge( SoundFilePath, drive, dir, file, axt );

1 lePath);

} while { findoext{(&frblk} == 0 );
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elsa if { ¢la.pnflag ee SOKE &&k clo.snflag =s SOME )
{
for ( 4 = 0; i < MAX_PXRSONS && cla.personnumbers(i] 1= 0; i++ )
{
for {3 = 07 § < KAX_SOUWDS €& clo.soundnumbers(§) I= D) 44+

{

sprinteitile, * . elo 238

clo.parsonnumbers (i) ]y

tomerge( SoundrilePath, drive, dir, file, axt ],

4f { eindfirat( Soundrilerath, &ffblk, G} = 0 )
raturn;

strnepy( £ile, £Eblk.f2 nama, 3 };

strucpy(twp, &filel2], 3);

Soundiumbar = atoi(tap)

stracpyltsp, Gfilw(5), 31;

ParsonXumber = mtai{tap);

Inmerge( SoundrilePath, drive, dir, file, ext ):

ProcassWaverile (SoundPilePath);

return)
/% ¥nd o2 PS file processing </

Process VBSS files ¢/
1f ( stestrifile, *vass") ||
stratz(file, “vbas®) )

clo.vbssPlag = 1,

ir ( strlen{fila) == 8}
atIncpyiperson, &filels]l. 3);

else
strcpy (pexson, "??7%},

if { clo.pnflag we ALL && clo.snflag == ALL }

sprintf(file, "VBSS0%3s*. person):
famerge( SoundFilePsth, driva, dir, file, ext ),

if ( findfirst( SoundrileFath, &kffblk, & ) 1= 0]
Twturn;

da
strocpy( file, £fb)IK.£L name, 8 1,
strncpy (twp, &file(51, 3},
Parsondumbuzr - wtol (tepl;
fomerge{ SoundFilePath, drive, diy, file, ext );

ProcessWaverile(SoundFilePath)

} while ( findnext(&ffblX) w=« 0 ),

else if ( clo.puflag == ALL && clo.saflag e~ SOMZ )

sprintf (file, *VBSSO%3a®, person);
fomerge( SoundFilePath, drive, dir, file, ext )i

if ( findfirst| BoundrilePath, &ffblk. 0 }.}= 0§
raturn,;
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do

stenepy! file, £ED1K.IL name, 8 )

fomerge| SoundFileRstk, drive, dixr, file, ext )
strncpy (tap, &filels), 32

PerscnNusbar = atol (twp};

for { 1 = 0; { < MAX_SOURDS &k clo.soundnumbers(i] s 0; f++

{
= cl i3,
while { GetVB3SIanfa(j )
ProcessWaveFile (ScundFilePath);

}

} while ( Zindnext{&ffblk) ee 0 );

}
else if { clo.pnflag == SOME &k clo.saflag as ALL )
{
for (4 = 0; 1 < MAX_FERSONS &k clo.perscnnumbersiil 1= 07 i++ }
{
sprintf(file, . ©l s
= clo il
fomarga [ SoundPilePath, drive, dir, file, axt ),
ProcessWaverile(SoundrilePath) ;
}
)
wlge if ( clo.pnflag == SOKE && clo.suflag ow SOME )
{
for (i = D; 4 < MAX_PERSONS kk clo.pergostimbars(i] l= 0; i4+ }
{
sprintf{file, . clo [CAR
= cl [41;
fumerge( SoundrilePath, drive, dir, file, ext ),
for {4 = 07 § < MAX_SOURDS &k clo.soundnumbersfi] le 05 j++
}
(
= cla m;
while ( GetvBSSInfo() )
ProcessMavaFile (SoucdPilerath)};
}
}
}
return;
} /* Ead of VBSS file processing */

+ ProcessWaveFile - Do Sound recognition on & given wave file.

ava¥ile (char *NavaFila)

int numpts,
tirstTime,
*pVAData,
Y}
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FILX *iptr;
struct HIGGING *trastert = NULL,

wframa = NULL,
*tfrasa « NULL;

if ((fptr = fopen{ Wa
{

File, *rb*)) wa NULL)

Printf(*<xd> Couldn't open Wava Pile ¥s\u*,

liot) fpkr, Waverile);
zeturn;

12 { cla.debug )
printf{ “Reading file \s\n®, WavarFils ),

#if defined (DOS)

if { clo.mound )

spawnlp(P_WAIT, ®playfile.axe®.® ", WaveFile, NULL);

350

false
42 { clo.sound }
#ndPlaySound ([ WaveYile, SND_ASYRC ),
#andif
Wifdet CRT
printf{ *\n\nTasting Pazson $%d -- Sex: %c Age: %d -- Sound [%d] wa: =,
PexsonNusber,
subject [PersonNeuber] . sex,
subject [PexsonRueber] .age,
Soundumbar.
{SoundRumbar < 128 ? pasciilSoundNumber] :
*Ooknown®) }j
fendit
Xicrobes = ncalls = O
rexd_headsr (fper);
/* Swek to the start of the selected zound data */
faaak(fptr, (clo.frameloc * sirecf{int)}, SEEK_SET);
/* Create the EIGCINS doublely linked list once; we'll reuse it over
each 10240 chunk of data. It contamins 40 plus NOverLapNodes (5)
nodas. */
1f (Crea lat{ ) 1= ALL_OK} {
raturn, /% Couldn*t creste the list. */
} .
/= Read 10240 into huffar past the overlap data ¢/
pPUEDEta = vh_data ¢ (MOverLapdodes * 256);
LirstTime = 1;
while { [Dumpts = resd wav{fptr, pvBData)) l= 0 ) {
/% Yrame data */
ncallass)
/* advance the ptr beyond what will ususlly be the
overlap ares. This will prevant bogus values beiag printed aut
from the overlap area the first timsa through. «/
frame = frmstarts -
for { L « 0, 1 < NOvezLapNodes:; i++ ) {
/% Bar this node been processed yet? Do wa naad to? */
1f (fremep->typa =w 'V L& frame->£freql0] we 0)
break:
}
frame = frame->next;
}
/* Calculate La, L4, zer and the node type (Voiced, Unvoicad,
Quiet) for evary noda in the list and sst the node locaticn
aod aize. "/
XvalTimaOcmain ( pvZData, numpta, frame, (firstYime) ? 0 : (doublae) (pPVEData -
vb_dsta)}r

- Page 226 -

Docket No.: 13217.2



WORKMAN, NYDEGGER & SEELEY

A PROFESSIONAL CORPORATION

ATTORNEYS AT LAW
1000 EAGLE GATE TOWER

60 EAST SOUTH TEMPLE

SALTLAKE CITY, UTAH 84111

20

21

22

23

24

25

26

351

I
14

i’

5,640,490

£izztTime = 0;

it [ clo.debug )

{

352

1f ( ICheckLinkedList {frastaxt) J
printf("Linked list is hosed\n®);

printf{®\nComputing ¥#T and evaluating deta\n®l,

}

/* #un the Mach analysis on the voice data */

Decompose{ pVBData, frame ),

/* Lina up formants into tracks for further evaluation =/
//PormantTrackex( frmstart )

/* Tind the Points of max intelligence from the formanta to
indicate areas Zor mound Tacognition. */

Intelligence{ frmstart )y

IsprovaFormants{ frame ):
MakeSpectogram( fxame )i

PrintFrants{ Izams, numpts }7

OutputSpectrabata( frama ),

Evsluate{ frame ),

intelliganca %/

#ifdes

"

1/

kendif

OLD_¥ETHOD

42 ( 1cle.testmode ) {
frame « Zrmstart)
tirame - framw)

while ( frame != NULL }

/* Maten points of maximum

{
Evaluate( frame );
i2 { <lo.aql )
PrintAQL(frame))
frame = frama->aext;
}

frame = tframe;

¥avFilsIafoQut(frame) s

KeldFrames {&frame))

} /= and of iclo.testuode 7/

1£{clo.higgout)

StuffRigginsToDisk {frame))

// Quent that must burtl

/* Adjust the linkad list so that the last NOverLapNodes nodes are

at the bead of the liskt.

frame will be advanced past the

overlap nodes £o that procassing cas begin thexe. */
SumpHEiggioslist (kfrmstart, NOverLapNodes):

/* copy what will be the overlap data into the bottom of vh_data */
Desecve{ vh_data, vb_data + SEGSIZE * 10, NOverLapHodes * 256 * sizeof (int]))

PVEData » vb_data)

#ifdef FEDERATION

#endif

GiveToTroi (kfrmatart)

) /° Xag of While{ Tead wav)
/= Yree up the linked 1ist */

FreemigginsList( frmstaxt )
frustart - (struct EIGGINS *}0:
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7
* GetWaveFils - Cet a wave Zilsnams interactively or create
* ome using the microphons.

char *
GatWaveFila(void)
{

chax e,

*Naverile;

if ( (WaveFile = {char *)malloc (MAYBUFFER)) == NULL )
ErrorEandlezr ( QutOfXemory )i

/* 1f an faput f£ile name is not input on the comsand line
« then get it intermctively. +/
12 ( 1fMotMic }

{ .
Prictf(\nknter the file spec to the sound files.\n®
" (W14 cards are supported -- I.E. G:\VOICK\SS*.MAV )\u"
~{Press <EXTER> to create s vave file)\n®)),
printf(*\nInput £ila: *};
gets(Waverila);
while [ {c = stratr(WaveFile, ™\n")) 1= NULL }
e = N0
}

it ( fHctMic || WavePile(0) == '\0'}

{
fEOtNic = TROR;

#1f defined (D0S)

strepy (MaveXile, *c:\\aretemp.wav");
spawnlp{PF_WAIT, “pas.exe”, “pas.exe", "set®, °volume®, "to”, "0%, NULL),
apawalp{P WAIT, "pas.exe*, “pas.exe®, "set®, "mic*, "to', *100", NULL);
renave (Waverils);

Ppriotf(*\nPrass a key to start racording, tban presx (Ese] to mtop,\n*];
gatch(}y

spawnlp{P_WAIT, "recfile.axi
Printf (*\a\tProcessing. pl walt . . .\a"}y

spavalp{P_MAIT, "pas.axe”, "pai.axe’, "sat®, *mic®, "to", *0%, NULL);
spawnlp{P_WAIT, "pas.axa®, "pas.exe®, "set", "voluma®, ito®, *100%, NULL);

"recfile.axa¥, WaveFile, *1§ r4410D0 -M", NULL)f

Sendif

Taturn Waverile;

#1ifdef FEDRRATION
void GivaFileToElrond (char hugw ¥SoundFilePath) {

42 ( (vb_data = (int *)malloc(VEDATASIZE*sizeof(int)}) == NULL ) {
fpriatfistdarr, "Out of mewory while trying to malloc vb_data\n®);
waxit (0},

}

InitCommandlineOptions (icla),
clo.sound = FALIE;
clo.testacde u FALSK;
Processiaverile (SoundPilePath);

i (vb data 1= woLn) {
free(vb_data);
vb_data = WULL;

1f (cla.icputpath t= NULL}

{
fraa(clo.inputpath);
clo.inputpath = NULL,
3
}
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#andif /* EWD OF §ifdeZ PEDERATION ¢/

__cplusplus

#itdet

#endif
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/~C_RRADER_PILE
ez
DRSC

TABS
OWNZR

t
1

fixtrack.c

Routines smooths filter bins, removes axtrznsous frequancies
and rills in a favw holas.

3

Brian Moncur

DATZ CREATED: 2 Nov 1994

Copyright Synergetics 1993, 1384

Marning Confidantial Haterial
Property of Synexgatics
Copyright 1993, 1994 All Rights Reserved

SINOPEIS: This code will reaide on the 6AD30

d¥include “fixtrsck.h®

/

* TixTrack - Look forvard and backward cane time zlice
v and smooth the curreat tiwe slice if thers i» data to
* do za, £111 in any blank holes if possible, and wesd cut

* any wild pointa,

vold FixTrack{ struct EICGINS »pEiggins }

{
int i
float threshold,

struct NXGGINS *frame = pHiggines

while { frame lm NULL ) {
if ( frame->prev != NULL &&

frame->next I= NOLL ) {

20T (L e 07 & < NFILTERS; 14+ )} {

/% Smooth it if there iz a freq before and after A4
if { frame-s>prev->ffraqli) i1« 0 &t
frame->next->Leragii) t« 0 )
{
/* Smaoth it by averaging v/
if ( frame->ffreq(i] l= 0 }
{

frame->2freqli] = (frame->ffreqgli] +

frama->prav->ffreqli] + frame->next->ffreqlil) / 3y

frame->ampl{i] « (frame->amplli] +

frame->prev-amplli] + frame->next->asmplli}) / 3

+ trame->next->ffraqli]) / 2;

frame->next->amplfil) / 2,

#ifdef THRESHOLD

}
/* FEll in & hole if there ia cme */
else
{
trame->ffraq(i] « {frame->prev->ffreqli
frame->4epl (i) - {frane->prav->ampl[i) +
}

/* Dalate it if thera's nothing bafore or after »/
wlse if ( frade->ffregli] 1= 0 &&

frume->prev->fireqli] == 0 &
frame-s>next->firag[i] ae 0 )

frame->ffreqii] = fraua->aepllil = 0,

/% This is wandy's Threshold (Ax ¥x) / Ao X0) <1

12 { frame->Fo != 0 k& Zrame->YoAmpl Jw 0 )
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{

threshold = (float)frame->amplii] /
{float) frame->Fohnpl * (floet)fzame->2Ireq{l] / (float}frame->Fo;

1 { threshold < 1 )

frame->ampl (1] = frame-»ffregfi] = 0;

}
Aenaif
}
}
#define MAY K_FORMANTS
#ifdas MAX N _PORMANTS
{
int count = MPILTERS,
min,
=minlocy
struct HIGGINS *tepRiggins,
/* Dom‘t wllow forsants within 100hz of sach other. Remove tha
lower ons. */
for {4 = 2; 4 < NFILTERS; i++ )
{
i€ ( abs(frams->fereqii] - frame->Ifraqgli-1]) < 100 )
(
if ¢ trame->amplli) > frame->mupl{i-1] |
frame->f2rag(i-1] = frame->ampl[i-1) =
or
else
frame->2freqli] ~ frama-samplli] = 0,
H
}
/* Don’t allow formant 1 to be in both band 1 and 2 4/
it { frame->2freqgll] && frame->ffraql2] }
{ .
if  frame->anplli] > frame->ampli2] )
2rame->1freq(2] = fxame->ampl(2] « 0,
elze
Irama->2freqlll = freme->amplil] = 0;
}
/* Only ellow one plosive par Unvoiced section and it shsuld be
preceadad by a Quist */
if ( frams->pmi s -1 )
{
tmpHigging - frama;
while ( =3 4 1 Yp® == ‘T’ )
tapHiggine = tepHiggins->prer;
if ¢ &5 topHiggl ype 1= *Q' )
frame->pel » framer>fo = frame->Fakupl e
03
if { frame->next )
{
topHigging « frame->next;
whils ( tmpRiggine L& twpBiggins->type == 'U' )
{
1f ¢ tmpRiggins->pmi == -1 )
€ .
pEigging->pai =
o « iggl AZpl e 0
}
topRiggine = topHigging->aext;
}
}
}

/* Dalste 21l but the € greatest amplitude formants
while { count > § )
{
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for { i w WFILTERS, count = minloc = 0, ata e 20000; & »= 0Oy

{

}

it { frame->amplli) tm 0 )

}

count+s;

if [ trama-samplli] < min }

{

nin « frave->awpl(il;

minloee = i)

frame->ffreq(minloc] = frame->aspliminloc) s 0;

frams - frama->next;
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#include "grammar,h"

ResdGrammarFroerile

Reads the Grammar ruley frxom a file and prepares them for
OpanGramsarParger. It axpects the rules to lock like tha
parsers wants but seperated by CR/LF in the filas. The data
will be storsd in a fila that is faxmallocad and will naad
to be farfreed whan it is 20 longer needed.
Returns:

Q0 on success

1 oo an erzor

int RsedGrammar®roufile
4

char *plilsname, // ¥ame of
the file to get tbe data from

chax **pdata /7 %11
point to the data
}:

/

int ReadGrammar¥rowFile{ char “pfilecame, char **pdata )
{

int DSizesRULE_LIST SIZEK, hfile, nPoas=0;

char <Teop, pRULil))

hFile = cpen( pfilaname, O BINARY|O_BDNR, S IWRITE|S_IREAD ),
if( brile < 1)
return 1,

“pdata = (char®) malloc( nSize );
if( t*panta )
(
closa{h7ile);
Teturn 1;
}

memswt{ *‘pdats, 0x00, nSize })

while{ teoZ(hrile) )
{
/7 Remd the oext type
1Z({ read{ hPile, pBul, 2 ) $= 2}

ixesi{*pdata))
close(hFile )
ratura 1;

}
A€( pBULL0) wa '/ )}
// Skip to the end of the lins

while( cTexpi='\r' &k cYampls='\n' && leof(hFile} )
if { read( btile, &cTemp, 1} I= 1)

{
fres( *pdata |
clowe{ h¥ile ),
raturs 1;
}
while[ (cTempes’\z* || cTemps=*\n’') && leof(hFile] )
if { read( h¥ile., &cTesp, 1 ) le 1}
{
free( *pdata ),
closa( hrile ),
raturn 1y
}
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if! teof(hrile) )
% ( lseek{ hrile, SEEK _CUR, -1L ) t= -1)

continue;

elss

{
frea( *pdata );
closei hPile };
return 1

}

}

// Rued the equals wign
1£{ read{ hrile, &cTeap, 1) iw 1}

{
fras{*pdata),
close{hrile };
return 1;

}

if{ cTemp 1w 'u’ )

{
frae{*pdata),
closa{brile };
retura 1)

}

7/ 8ave this type in the buffer
(*pdata) [aPos) = GatTyye( pBuf ]
1£( {*pdata) [nPos) =« INVALID TIPE )

{
/7 Invalid type
trea{*pdats);
closs(hrite );
retura 1,

3}

BROSH4y

4f( nPos >= n5ize )

{
free(*pdatal;
clomeih¥ile };
raturn 1;

}

// Read the typas
while( pBuf[D]I=*\r* && PBULIO]I=’\n' && leaf (hFile) )
{

1€( remd{hrile,pBuL,2} I= 2 )

fras{‘pdata};
closs(bFile );
return 1

}

if( pBuLOI=*\x* && pPBuf(0)ie*\n' )

{
(*pdata) (nPos} = GetType( pBuf };
1£( ("pdata) [nPos) == INVALID_TYPR )

/7 Invalid typm
free(*pdata},
close (h¥ile);

Teturn 1;
}

nPoss+s

i2{ nPos >a mSize }
{

frae( *pdata },
close( hrile ),
return 1,

} #7 end 120 pBULIDI 1’ \r! &5 pRUL(0) 1='\n' )
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)} // end whila( pEuf[0] t=*\T* &k PBUL[0)Ie'\n' && leof(hPile) )
(*pdata) [nPoz++] » NOULL,

1f£{ Imof (b¥ila) }

{
if{ rwad(h¥ile, kcTeamp, 1) tw 1}
{
fres{ *pdatz }:
close{ bFile };
return 1
}
while{ (CTempss'\r' || cTeepsa'\n'} && leaf(hPile) )
1£( read(hrile,kcTemp,1} le 1 )
{ .
frae{ *pdata |;
closa{ hFile ):
return 1,
// end while( (cTempss'\r’ || cTempe=s’\n‘} & leaf(hFile)

€1 taof(hrile) )
if { lseex( hFile, SEEF_CUR, -1L ) e -1)

€
fraa( *pdata ),
alosel h¥ile ),
Teturn 1y

}

} /7 end i£( lecf(hrile) )
} 7/ end while( leof(hPile) )

close{ h?ile },
zatura 0;
} /7 end int ReadGrammarPromFile( char *pfilensas, char spaats }

GatType
Coaverts the two latter char types to it‘'s #define
Returns.
#dofine on success
TYPE_COUNT on an wrrxor

/
int QetTyps{ char* ptext )
{

1f( 1stzeap( ptext, "VB" ) ) 7/ verb
retura VB;

if{ tstrcap( ptext, *Nx- ) ) // Woun
return NN;

if({ tstrcapl ptext, *AR" } ) // article
raturn AR;

1£( Istrcmp{ ptext, *CJ* | ) // Cenjunction
Teturn CJ;

42( latrcep! ptext, “EN® ) ) /¢ Pronoun
xeturn PN:

1£[ Jstrcmp( ptext, *AJ" } } /! Adjective
xetura AJ;

if( fstrcmp! ptext, "Ax" ) ) /! Millary vazb
raturn AX;

if{ tatzemp( prext, *AV® ) ) 77 Advexh
return AV;

if{ Istrcap( ptext, 'NB' ) ) // Moun phrase
raturn NPy

1€{ Istromp( ptext, °VE* ) ) // Verb phrase
return VP

i£( tatxcmp( ptext, "FP° ) } // Prepositional phrase
return PPy

1£( istrcap{ prexe, *SN= H // Sentance

raturn SN,
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if{ tstrocep{ ptext, "..* } )
raturn REPRAT;

reaturn 0,
) /7 end int GetType( chars ptext )

OpsotrammarParser
Saty up the lists that the grammar parzer vill use.
Returns:
B on auccess
1 cn an erzex

iat OpanGrammarParser
€
GRAXOGAR_DATA *pthis,
to 111
char epfilensme
to file with the list of

370

// Points to the grammar data

// poiots

// strings that reprasent the grawmar

// rules.
2]

int OpenCrammarParses!{ GRAMMAR DATA *pthis, char *pfilename }

{
dat x, nPom;
chazr *pLint;
GRAMRAR_WORD *pCurrent. *pHev, *pTeap;
GRAMMAR _WORD *pRules [TYPK_COUNT], *pTeapArray(TYFE_COUNT};

// Initislize the data in GRAMMAR_DATA
£ox ( nPOS-0; 2PoSCTYPE_COUNT; ar¥osss )
pthis->pTypes [nPos] = NULL;

memset ( G(pthis->pCacha), 0x00, sizeof {REAL_WORD)*CACEE_SIZE )

// Resd the grammar rules from the file
1f{ ReadGrazmarFromrile( pfilename, &pList } )
returmn 1,

while{ pList{nPos] && nPos<RULE_LIST_SIZE )

(
plurrent = NULL;
while( plist(aPos] & aFoN<RULK_LIST_SIZE )
{

// Creata the rule

PNew « (GRAMMAR_WORD*) malloe( aifeaf (GRAMMAR_WORD) ),

1£( IpNaw )

{
free( pList )
Teturo 1)

}

PNaw->CType = pLiak[nPosl,

// Attach to the current rule
pNaw->pPrevRule = pCurrent,
pHew->pNextRule = NULL;

// Attach to the list of types

PNaw->pNextType = pthis->pTypes| plist{nrosl I
Ppthis->pTypes( pLizt(cFosl 1->pPrevTyps = pHew,

pNaw->phravType = NULL)
1f( pList(nPos+l] me RXPEAT )

pPew->crlags = REPEAT_YLAG)
nPoses)
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}
nros++;
} // and while! plList(nPos) && nPoScRULE_LIST SIZE )
APAs++)
} // end while( pLiat[nPos) &k DPoS<RULE_LIST_SIZE )

// Initialize the possibilities 1list
for{ xe0; x<TYPE_COUNT, x++ )
PpRules[x] « KULL,

/{ Creats the possibilities list

for{ x=D; X<TYPE COUNT; X4+ )

{
pCurrent = pthiz->pTypes(x],
whila{ pCurract }
{

1f( pCurrent->cPlagssREPEAT _FLAG )

PNOV = (GRAMMAX_WORD*) malloc{ aizeof {GRAMMAR WORD} )
if( IpFew )
{
txme( pList ),
raturn 1;
}
PHew->c¥lags = pCurrent->cFlags)
PHav->gType = plurrent->cType;
PpNew->pPravRule = NULL;
pNaw->pNextfule = pRules[x];

1£( pRulmslxl )
PRuleslx]->pPraviule = pNews

pRuleslx] = pHaw;
}
if( pCuxxent->pNextkule )
1f( pCurrent->pNextRule->cType < BASIC_COUNT )
{
pHev = (GRAMMAR WORD*) malloc(
siza0f (GRAMMAR WORD} ),
1£{ tpKew )}
{
tras{ pList ),
raturn 1;
}
PN lags = Flaga;
PNew->cType = plurrent->pNextRule->cTypa;
FNeav->pPravRula = NOLLj
sXaw->pHextRule « pRules(x];

i2( pRulealx) )
pRules [x) ->pPrevRule = pNew;

PpRules(x] « pNew;
}
wlwa // else if{ pCurrent->plaxtRule->cTypa < BASIC_COUNT )
(

PTaxp = pthis->pTypeslpCurrent->cTypel;

while( pTemp |

if{ pTemp->pNextRule )
1f [ pTemp->pNextRule->cType <
BASIC_COUNT )

{
PRew =
{GRAGHAR_WORD*) mallac( sixecf {(GRAMMAR_WORD) })
1€( IpNew )
{
fresl
pList ),
retura 1)
}
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PTemp->pNextRula->cFlags;
PTewmp->phextRule->cType;
HULL:

DRulas [xl;
pRules(x] ->pPraviule = pHaw;

PTaxp->pNaxtRula->cType < BASIC_COUNT )}

374

DRew->cPlags =
PRew->CType =
PReaw->pRrevRule -

PNev->pRaxtRule =

i£( pRules(x) }

PRules[x] = pNew;
} /7 emd 4£¢

// ead itl pTmmp->pNextRule )
} 77 and while{ pTenp }
} /7 wad 121 pCurseat->pMextRule->cType < BASIC_COUNT )

// end if{ pCurrant->pHaxtRula }
} // end whila( pCurrent }
Y} 7/ end for( xs=0; x<TYPE_COUNT; x4+ )

memcDy ( PTespArray, DPthis->pTyDes. s1xeof (GRAMMMAR_WORD™) *TYPE_COUNT )5
Mencpy { Pthis->pTypes, pRules, #12¢0f (GRAMKAR_WCAD*) *TYPE_COUNT )7

// Free the mewory for the old types liast
for( x=0r x<TYPX_CODNT; x4+ }

{
plurcest « prempArray(x);
while! pCurrent )
{
PTemp = pCurTent->pNextType;
frae{ pCurzent ],
pCurTent = pTemp;
}
}

free( pList );
return 0;
} #/ end int OpenGremearParser( GRAMMAR_DATA *pthis, char *pfilename )

CloseGrammarParses
Praas up the mamory tBat the gramear parssr is using,

void CloseGramsarFarsax
¢
GRAMMAR_DATA *pthis
N

void CloeGCrammarParser{ GRAXMAR DATA *pthia )
{

GRAOIR_WORD *pTenp, *pTeapl;

int x)

// ¥ree up tha grammar rules
for(x=0; x<TYPE_COUNT; x++ }
{
PTesp = pthis->pTypasix);
whilet pTesp }
{
PTenpl « premp->pNaxtType;
fzes{ DTemp };
PTenp = pTewpls
} /7 end while( pTemp )
} /7 and for{ int x-0; X<TYPE_COUNT; X++ |
} 4/ e2d void CloseCrammarParzax( GRAMOR DATA *pthis )
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int WriteNextGrammax¥ord

Checks the next word io the stream. This word will be put

in the cache snd the cldest is ramoved.
Raturns:

Part of speach on success

0 on fail

int WritaNextGrammarMord
¢

GRANMAR_DATA *pthis

REAL_WORD apwozd
2]

’

int WriteNextGramearMord{ GRAMMAR_DATA *pthis, REAL_WORD *pword )
{

int *1

char bbone, bFound;

GRAMMAR_WORD  pTypelist, pCurreatRule;

// Nake sure the typas aze valid
for( xe0; X<MAX_TYPKS) X4+ )

376

// Granmar rulas
// The ward to add

if{ pword->cTypes(x) >= TYPX_COUNT || pword->cTypes(x] <= INVALID_TYPE }

retuzn 0)

// Put the next word in the cache

memcpy ( &(pthis->pCacha(0]}, &(pthis->pCachell]), sizeof (REAL WORD)* {CACEE_SIZE-1) },

Pthis->pCacha [CACEE SIZE-1] = vpword;

return 1)
} /7 end int WritaNextGraxsarWord( REAL_WORD *pword

)

int CheckGranmazr

Attempts to find a rule(s) that matches the last ntotest

words in the grammar checker cache.

Resturns:
1 42 it found & ruld
0 it it failed

iat CheckGrammar
¢
GRAMMAR_DATA *pthis

int ntotast

of words to tast
i

int CheckGrasmar{ GRAMMAR DATA "pthis, int ntotest )

{

int x, nResult « 0,

GRAMMAR WORD “pCuxrzent;

1f( ntotest > CACEE SIZE )
Taturn 0;

// Grammaxr rules
// Wuwber

/7 Chack all the possibilitias for all the types the first word

// ia the cache can be

x=0;

nReault = 1;

wkile( nResult &e &k pebiz->p!

{

he [CACEE_ST

1] .cTypes (0) «eINVALID_TIFE )

pCurrant e pthiw->pTypesl pthil-wcuchl[l:lm_s!zi-x-l] -cTypasfo) 1,

nResult « 0,
while( pCurrant && !nResult ]
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} // ena int CheckGrawmar( GRAMMAR_DATA *pthis, int ntotest )

5,640,490

} 77 ead while( pCuxrent && ipResult }

xee)

378

i£( pCurrent->cTyps w= pthis->pCache[CACHE_STZK.x-1}.cTypes(0] )

oResult = 1,
- pt

le:

} /7 end while{ mRasult c& x<ntotext &k Pthis->pTypes [CACHE_ST2R-x-1] }

Teturn nResult)
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/*C_HEADER_PIL:

FILE : biglist.c

pESC : routines to build, manipulate and fras the doublely linkad
1ist of HIGGINS structuras.

TAB3 T4

oweER : Brant Hale

DATE CREATED: 5 Ock 1934

Copyright Synargatics 1393, 1954

warning Confidantial Material
Propesty of Synergetics

Copyright 1993, 1994 All Rights Resssvad

SYNOPSIS:

*END_EEADER' /

#include -dsp.he
#include “higlist.h®
#include ~errors.n*

/*FUNCTION_HEADER®*>ve
NAME | AllocateRigginaNods

DESC: Allocate msmory for a frams node.
1N Nooa

oUT: Nona

RETURN : ptr to a XIGGINS struct; Retuxrn zero if it didn't get mamory.
NOTES:

*END_BEADER: /

static atTuct BIGGIXS *AllocateNigginsNode(void)

atruct HIGGINS *frame;

if {{freme » (stzuct NIGGINS *)calloc(l, sizeof{struct RIGGINS})} == NULL} {

lex *ia Al 4 b

retuzn (struck RIGGINS =)0;

H
return frame;
}
/ !
HANE: AppsadNode
DESC: Adds nwwHode atter the node passed in,
IN: **node - node ta insert after, If null then newNods s the first
node in the list which is why it needs to ba a ptr ptr.
“newNode - Mode to be inzerted,
oo,
RITURK:  None
NOTES:
D R

static void AppendEigginsNode( struct BIGGINS **node, struct NIGGINS *newNode )
{

atruct HICCINS *pNodes

/% Will the new node be the first item in the list? o/
it { *2ode ww KOLL } {

“oode = newNoda;

sawNode->next = KULL;

newNode->prev = XULL,;

return;

pHods = *node;
don't have to indirect */

/* Last pode on the list? */
1f (p¥ode->uext me NOULL} {
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382

pHode->next = newNode;

the end */
newilods->prav = piodes
newode-»naxt = NOLL;
aake sure, */
return;
}

/* Othurwise oode i somewhere in the middle of the linked list, */
newNode->naxt = ploda->next;
nawNoda-s>pray = pNode;
pHoda->naxt = nawNods;
>prev «

Teturm;

Creatsliigginslist
Cresta a list numOf¥odas long and Tmturn it

umdfNodax - aumber of nodes to have in the 1ist
“*bdriods - ptr ptr to raturn tha begioning of the 1iat back inm.
ALL_OK if the list was crested alright.

CutOfMemory Lf I couldn't get the memory needed.

HOTES: .
*KND_HEADKR: 7
int st( int struct RIGCIMS **hdrWode )
{
struct NICGINS *nRewiiods, “pCNode;
int 47
pOiode = (struct NIGGINS *)NULL:
for (1 = ) i < numOfWodes; iss ) {
newNode = AllecateHigginsMede() s
it (1 newrode) {
Teturn OUtOfMemory)
}
A€ (4 we O) §
aode */
*hdrRode = nawNoda)
}
AppandiigginsNode( spCHoda, newdode ),
PCRode = newNode;
}
xatura ALL_OK:
}
7 -
WAME PreeliigginsList
DESC: Frew all nodes in a higgins list.
M “hdrNode - ptr to a mode to begin deleting at
oUT:
RETURN:
WOTES:
“XND /

void FreeNigginsList{ struct NIGGINS *hdrNode )

{

struct EIGGINS "piodw, *pNext;

/* Make sure its not mull »/

1 { noxWode 1= WOULL ) {
plode = hArNodas

while { pNode I« NULL ) {
PRext = Dode->next;

frea( pNode ),
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pHode = paxt;

}
}
}
#1fdet USING_OVERLAP
/*FUNCTICN_ERADER™*v*+wveonnanasssasans
e, BumpNigginsList
DXSCy Adjust tbas list leaviog an ovarlap of data and clearing tha rast.
In: ++bdrNods - Ptr ptr to the header of tha linked list.
nOverlapiodes - Nunber of nodes to use as overlap.
OUT: **hdrNode will he updated to point at the new Reader node of the list
RETURN:  None
HOTES «
*END_XEADER /

atruct RIGGINS * BumpAigginsList{ struct BIGGINS **hdrNodae, int nOverlapWodax }

{

struct EIOGINS *piods, 1
mtruct XIGGIMS *pNmxt, *pPrav;
int 1, leey

POIdHArNOAs « *hdrNode;
PRode = =bdrNodes
azsert ( FindRiggina¥oda (pMade} )

/* Gat to the laat node in the licked list </
while (pHode->naxt) {

pNode » pNade->maxty

asvert( TindHigginsWode (pNode))
}

PEIndRode = pNodes /= Save a ptr to the last noda */

assext| FindRigginsNode(pkadiode)))

/* Now back up the number Of ITAMGN We WAL tO Presarve £or the naxt run %/
for (i = G; i < nOverlapNodms-l; i++) {
pNode = pNode->prev)

}

pNevBarNode o piode: /% This will be the nev hesder ncde */
assert| FindiigginsNode(pNewEdrNode))

/* The previcus node pow bacomes the end of the list */

PHewRAINode->prev->next =« NULL;

/% Kake this node the Daw Meddar of the list */
pNevEdriiode->prav = NULL:

/% Connsct the old end of list with the old head of the lizt +/

= pOL

/* Initialize the 40 nodes that we will be over writing */
pNode = pOlAHArNoda;

while (phode le XULL) {
TRext - pilode->next;
PPrev « pNods->prev)
assert( PindifligginsNode (pNoda});

#* Clear out the node */
memast({ pNode, O, sizaof{struct BIGGINS) ):

pNode->next = pNext;
pRode->prev = phrev)
p¥ode = Next:

/* Link the node back wp */

/% Change the loc field in the noden to Ba negative values to refleck
the fact that we've already locked and anslysed this data. Alse zaro
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out the "notFrocessed” flag #o it von't prevent us from not processing

it this time through. */
poda = piavHdrNoda;

for {1 = Joc w 9; i < nOverlapModas; i++, loc += 256} {

assext{ PindHigginsNode(pNode)),
PHode->loc = loc;

PNode = pNode->next)

/% Pans back tha new beginning nada +/
*hdriods » pNewNdrNode;

/* Adjust the lioked list so that the last WOvarLapdcdes nodes ara
Bt the huad of the list. fzame will ks advanced past the
overlap nodes 30 that procesaing can begin thara. +/

return [pNode);

/* Lizk the node back up ¥/

}
d#endig
/FUNCTION_KEADER=**=ev+vaesecacvreears
MAME : ClearNigginalist
DESCt Clear the valuas in tha nodes.
IN: *hdxNods - ptr ptr to the header of the linked list.
ooT:
RXTURN:  Mone
NCTES:
*END_HEADER' /
vold ClusrNigginsList( struct HIGGINS *hdrNode )
4
BtTuCct RICCINS =~piode;
stroct MIGGINS vpNuxt, *pPrev;
/* Initialize the 40 nodes that we will be over writing */
piode = bar¥ade,
while {pMode !s WOLL) {
Plext = pode->next;
PPrev = pMode->prav;
/* Clear ovut the node */
mamnat{ plode, 0, aireaf(atruckt EIGCINS) )y
pNode->next e phext;
‘PNode~>prev = prrav;
PXode = pNext;
}
}
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#inelude “pascichz.h*

char “PasciiChaxs[) = {

7+
/0
/=
I
’e
7o
I
7
’»
’-
’-
’e
I
IS
I
I
’-
Iv
70
70

o1
02
01
o4
o5
08
07
08
(]
10
11
2
13
14
15
16
17
18
1s
20
21
22
a3
24
5
26
27
as
2%
30
31
32
313
34
35

*/
*/
*
*
*/
f
.
7
-/
/
*f
~/
“/
~/
-/
*/
-/
~/
-/
*/
7
-/
*/
-/

e,
..,
*As,

44
45
46
7
42
45
50
51
52
53
54
55
58
57
58
59
60
61
62
63
(1]
(1]
66
67

*/
*/

i

5,640,490
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rAd LR FAR DL
Vodi IRVALELH
/470 87 wes,
Je 71 e e,
/e 72 w7 wae,
/* 73 47 *whe,
/v 14 *f =-e,
/475 87 w.,
/* 76 =/ nv,
I* 77 =] -,
178 o v-m,
/v 73 ) wee,
I 30 =7 =-=,
AN TRV
/v 82 8f mym,
/043 0/ me,
A 7R
/%85 w) wem,
/v 26 7 -m,
/% 87 wf omem,
Je B8 of mem,
JAR T VALELN
/* %0 */ s11e,
/e 91 wf =-m,
/v 92 %) mem,
/% 93 ¢/ vev,
/% 96 ¥/ Fpe,
/¢ 98 *f »-v,
/* 96 *f *-»,
/% 97 =/ »en,
/% 98 <f »ov,
/" 23 +f v,
/%100 v/ *-v,
/4101 =f =¥,
/4302 / *-0,
/*103 *f ==,
/%106 *f w.w,
/108 =/ r.v,
4106 «/ v-v,
79107 *7 3.9,
/%108 =/ v-v,
74103 =/ v.o,
7%11D %/ .o,
/%111 #f mem,
/*112 .
/%113 .
/*114
/*118
/*116
/%117
FAFEE]
/7119
/*120
/*121
/*122
74123
£¥124
/%125
/+126
/=127
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* pat_apall.c « Parform pattern racoguition on ruler dats input.

. Created for the bogus standards.
.

* Marning Confidential Matexial

* Property of Synergatics

* Copyright 1933, 1334 All Rights Rusexrved

“reenennmey
#includs *dsp.h*
#include “erzoxs.be
#include "stdrds.n®
#include *poszsidle.h”

/*FINCTION_HEADER*###eeecevwsvssssnsnan

MAME: Find the closest freq in the array.

DBSC:

™

00T

RETURN:

NOTZS: Could speed this up by passing in the array index at which
we last found a match, Then we could just start looking there
and not have to resvaluate lower frequencies. But, for naw...

*ZND_3
int PindClosest( int freq, int *arr, int numlnArr )

int i

int Aiff = Ox7TIE:
int closastId « -1
int ratval = 0;

for (1 = D3 i < numInArr; ive)

{
if (arr[i] & abs(arr(i]l - frag} < airs)
diff = abslarrii]l - frag:
closestId = i;
}
}

/* Did we £ind anything at all? */
if {clomestId 1= -1} {
ratval « arrcleclosestIdls

/* Zearc this element out 80 that ws can Dever matck with it again. */
arriclosestld] = O)

}

zreturn retval)

* pat_snall - compare & ruler value against » Set Of pattarmm to

. detsraine which sound thiy is.
- IN:
- humbarOfValues - the nuaber of elsments in the MeasuredValuas

AXTay.
- For a 2d array thisz could be
the width x height.
- staxtMatchingId - the index to start matching closest frequancies. If

- 2o satching iz to be doge then
startiatchingld ahould be

. equal to MAX_PATTERN_LEN

- StandardValues - Ptr to an axray lues wide by
bigh. .

.

The array i» Null tesminated
iz tha pascii # elesant.

MaasuredvValuas - pointar to an array of NumbarOfValues x width
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mbructurm to Teturn the closest phoneme

. coutaining the measured valuas
of the incoming
. sound.
- Phonsxe -
in.
- ROTES) The Values are arranged thusly:
10] = Relative Amplitude
(1] = Zsxo Crossing Rate
[3] = durmticn
0Bl =
4] = »2
I5) =12
/
int
Pat_muali( int lues, int star loes,

float “MeasuredValues, POSSIBLE *Phoneme )

{

int i,
E
$1fdet DONT_NXED
int closestrreq,
k.
lastClosestFreq;
dandif
float CurDistance = 0,
thuffer {MAY PATTERRN LKW * 2],
aiL1,

menget ( Phoneme, D, MAX_POSSIBILYTYES * sizecf (POSSIBLX)),
InitializePoasibla( Phonemw )
memset( tbuffer, 0, MAX_PATTERM LXX « 1 « sizeof(int)},

/% ¥ind the Skandard Valus closest to the Nessursd Value =/
for (1 « Oy Standardvaluea[i].pascii le 0; i+e)

/v Calculate the normalized euclidean distance to nodw Z£or thiz sound ~/

CuzDistancea = 0;
mamcpy({ thuffer, Me

/= Get diffs for Relstive Amplituda, zcr, and duration */
for (3 » 05 1 < startMatchiogld; j++) {
if {Standardvalues[i].pattern(j}) {
if (tbufZex (i1} {
Aiff » {{fJoat) (tbuffer(]] -
StandardValues[i} .patterali])

dValues, NumberofValues * sizeof(float} ),

/ (flost)tbutter(d] J +

10¢.0;
. CurDistance = (diff « Aiffy,
}
#ifdef  THINK_ABOUT_TEIS
else {
CurDistance +» 100;
}
Wendif
H
}
#ifdef  DONT_NEED
/* Match up with ones -

Do it without replacement. */
42 ( startMatchingTd < MAX_PATTERN_LEN }
{
lastClosestPraq = 0)
for (x = startMatchingld; k < MAX_PATTERK_LEN; X++)
{

/% This takes aach valus in & standard

and tries to find a matcbing value in the messured. */

if (Standardvalues{i}.pattern(k]} {
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1 closeatPreq = FindClosest(
StandezdValues (il .pstternik),
2 &tbuffer (staxtMatchiagIal,
3 MAX_PATTERN_LIN - startMatchingld ),
/* Kake sure we didn't match with a frag less than
the .
&4 last one. If we dido‘t match at all
than we want
to take that imto account also. %/
5 if (el s& el q > 1astC:
{
1 tZxeq = C
& diff = {{flcat) {closestFrag -
Standardvalums [1) .pattern[x]}
7 /
{float) closest¥rag } * 100.0)
CurDistance +a (Aiff « diff),
8 }
}
0 )
}
H#endif
10
CurbDistsnca = sqrt{CurDiscancs);
1" /* Insert currept £inds in Phonexe from minimum distance to max */
plosert( Phonass, StandsrdValuas[i].pawcii, CurDistance )7
12 ’
/* Mdjust tha Euclidean distance to & probability value in the xange of 0-100
13 * using the faormula {1 - i/sum]/{n-1) * 100, Thia way the smc of the
* confidence's will mdd up to 100. */
Dimtancei?robability( Phoneme )
1%
return ALL_OK)
H
15
16
17
18
2
| 19
jaa|
[$a]
%] 20
3 z =
8 =
2 =
o 53sEs v
=]
9
O snh
=
3 BEEES
i) Q m<E>~
A592=
Az gggu
s ﬁog'ag s
Z GEu=s
r g <8gk
Z & 293 2
2< 73
§ 25
g 2
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#include <stdlib.h>
#include *list.B*
#include "permman.h”
#include "troi.n*
#include "error.bh®
//#include "memtest.h®

stetic list_t *pGraphNodeList;

typedef struct GRAPH_RUDE_TAG {
unsigned offfiratSound;
Liat_t *prroaList; /7 1ist of GRAPE_EDGE
1ise t *phastList) /4 list of GRAPE_KDGK
path_slment *prromPerns;
} GRAPE_NODZs

typadef stxuct GRAPE_KDGE_TAC {
GRAPX_WODX “plodas
DictContext *pDicks
} GRAPH_XDGE;

/
KeleasaPerms
Relaxxms the path _alement whose pointer was p
sub_slemsnts of the path element are alzo freed.

od in,

void ReleayePerma(path_slmeat *pPerms) {
awitch (pParms->type) {
case PT_SOUND:
break;

case PT_WORD:
1" free({(DictContaxt *)pPerms->pRlammatlist};
braak;

case PT_SEQUENCE:
case PT_CHOICRS: {
path_elment *pNextElemant, +pEleamant;

pRextElement = fizst_in_ list (pFexms->pElementlList):
while ||pElementapiextXlement)leNTrt) {
pNextKlement = next_in list(pklement),
ReleassParms (pELament);
remove fram list (pPerms->pRlemantlist, pElement);
}
destzoy_list(pPerms->pElenentList})
pParms->pElementList « NULL;

break:

BuildPernDspBulf
Build tha Displaysble Buffer for the path slement whoss pointer was
passed in, sub_slements of tha path element are included,

/
iot BuildPermDepButf(path_elment “pParma, char *Buff} {
igned char 125615
unsignad char *pNordhata;
unsigned whort Ylags:
int idxnuffa;

awitch (pPerms-stype) {
case PT_SOMMD:
idxmuf? o» waprintf(Buff, "(garbagel®):
breek;

@ PT_XORD:

- Page 250 - Docket No.: 13217.2



WORKMAN, NYDEGGER & SEELEY
A PROFRSSIONAL CORPORATION

ATTORNEYS ATLAW

1000 EAGLE GATE TOWER

60 EAST SOUTH TEMPLE
SALT LAKE CITY, UTAH 84113

10

12

13

16

17

19

20

21

22

23

24

25

26

399

5,640,490
400

idxBuff += wapriakf (Buff, *<");

for |
pHordData » GatFirstPhonicWoxd(
o 1 EList
‘WordData
b
pNordData;
P - eNozd{
i P E1 tList,
Wordbata
)
y
Ylags = *{(unsigned sbort *)eWordData[ll}s
idzBuf? +» weprintf{
aBuff[idxBussf], “Xaks",
&Mordpatal3],
Plags & LAST WORD 7 "> -
) ’
}
break;
case PT_SEQUENCE:
case PT_CEOICES: {
path_slmant *pNaxtElemant, *pElament;
1idrBuf? += waprintf (Buff, "<®)y
PHaxtElement = f£ixst_in_list(pPerms->pElementlList};
while ((pElementepNaxtZlasant) l«KULL) {
pRextXlement = mext_in list (pEleaent);
jdxBuff += RuildPexmDspBuff (PElement, &Euff[idxBuff]);
i# (pPerms->typassPT_CEOICES &i pMaxtElemsntisWULL} {
1dxBufl += waprintf (sBuff[idxBuff), *}*}s
}
)
AdxBuff ¢= waprinkbf(aBufflidxBuffl, ">");
}
break)
)
return idxBuff;
}
7
rindNode
Finds the node of the gxaph with the given offFirstSound or if it dosen’t
exist craates it.
/
GRAPB_NODE 1at {
GRAPE_NODK “piode;
pNode = first in listi{pGraphNodelist)s
while (pNode && pMod: tsowad) {
pHode » next_in list(piods);
}
if (pNodessNULL || pMode->0ffFirstSoundimoffFirstSound) {
if (bCreate) { .
F¥ode » ipsect_before_in_list (pUraphNodeList, pNode);
pode->of£7i d =
pHods->pDextList = create_list{sizweos (GRAPE_EDGE}};
pNode->p¥romlist e create_list(sizeof (GRAPE_KDGE!);
pNade->pProaPerms = NULL)
} else {
plods = NULL;
}
1
raturn pNodes
}
y; N
RdAEdge
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Adds an edge to tha graph ssintained by the premutaion sanager.

/
void Addrdge {
i offri igned *pdict

» {
GRAPE_NODE *pFromiads, *pToNode;
GRAPE_ZDGCE ace, P!

it (! - tot: d, 1)) we NUZL) {
waprints{
Rrrorduff,
*Upable to find/create nods for offsat ¥dI*, offPirstSound
1K)
DebugOutput (
DRF_XRROR, ErrorBuff
12

raturn;

i ( -
wapriats(
ErrorBuff,
*Unable to fimd/crsate nade for offset %alY,
offpostSound

1) =e wOLL) {

(DRE_ERROR, )
retorn:

}

//M34 the link to pToModa from pPromiiode
pbantPlace = sppend_to_list (p¥roaNode->plestList))
pDestPlace->pHode = pTolode;
1% (pbictmaNULL} {
phestelace->phict = poicts
} alse {
if {(pDestPlace-»>plict = malloc(sizest (DictContext})) =uNULL} {
DebugOutput (DBF_ERROR, “Out of memory®}:
return:
}
aamcpy (pDestPlace->pDict, poict, sizeof (DictContext)),

}

//A33 the link back to prromicde from pYoNade
prromPlace « sppend_to_list{nToNode->prromuist);
>pNode =

fct = pDestPl pbicts

! o

// Cleara the computed parmutaticss fram this node back to whera they
// sre wiremady clear
while && PT 1-yo) {
22 8]
pToNods->pPromPerms » NULL:
pToNods « naxt_in list(pToNode}s

!
InitPeraian
Initializes the parmutation manager

vold InitParmMan{void) {
pGraphNodeList = create_list{sizeof (GRAPE_NODE}) !

)

/
RenstPermian
Ramats the permutation sanager

void ResstPermdanivoid) {
GRAPE_NODE *pNode,  *pMexts

pliaxt = first_in_list(pGraphNedaList):
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while ({pHoda=pRext]IwRULL} {
pNext = mext_in_list(pNode))
it (pNods->pDestlLizt) {
destroy_listipKode->pDastList}s

12 (pHoda->pFromuist) {
dastroy_list(pNode->pFromlist]y

}
1f (pNode->pFroarerns) {
pal [pNode->p] )5
}
rnuwo_!ml_l.ilt.(pﬁzlpnxoduilt, pNode) :
}
}
/
QuitPernian

Quits the permutaticn msoager

void QuitPeraMan{void) {
ResetPernian() s
dastroy list(paraphNodeLit);
Parephiodelist = NULL)

!

SaundsPereMasDaterninsd
returns tha index of the BIGGINS struct that follows thosa for which
the has all fox the 4 in
use availeble.

a4
int SoundsPersManDatermined {voidl {
int c¥rom=0, cTomd;
int cTroiReady, RetVals0;
GRAPH_RODE *pNode;
1f (Troi.prizstActiveord) {
if ((cTroiReady = Troi,pFi: £EF4 1m0y {
pNode = first_in_list{porapifedeList);
whila (pNods &k pdod: 1Rendy)

cFrom +e count_in_list{pNode->pPromlist);
it {(errome=cTo) {

Retval = pNode->of£FirstSounds
}
cTo += count_im_list{piode->pDastlist))
pNode =» next_in_list{phicde),

}
}
}
raturn Retvalj
}
/
dupPathElement2
Creatm s duplicata path element
/
vaid dupPathElement? (path elment *pewklement, path_elment *porgRleaent) {
path_alzent *pOrgListRlenant
1tat_tb *pElementList;
pRewZiemant->type = pOrgElament->type;
switch (pOrgRlemant->typs) {
caze PT_WORD:

1 K tList = POTXGEL lemantList:
brasks .

cans PT_CHOICES:
case PT_SKQUENCE:
pHewIlemant ->pXlementlist =» pElesentlist « create list(
sizeof (peth_slmant)
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1 F]

for (
POTgListElement » first_in_list(
pOTgElement->pIlementList
)2
POrgListilement,
POrgListKlement = next_in_list(pOrgListElement]
S
dupPathElement2{appead_to_list (pXlementList]
pOrgListElemant}
}
braak;
}
}
/
dupPathElamant
Create a duplicate path elememt
/
Path_slment *dupPathXlemsnt(path_elmant +OrgElement} {
peth_elment *RetValsNULL,
iz (OrgXlement) {
if ((RetVal « malloc(siveof{path elmant)))msNULL) {
DebugOutput (DBF_ERROK, *Out of memory*}) .
Teturn RetVals
}
dupPathElement2 (RetVal, Orgklement);
}
return RetVal,
}
H#ifdaf DXBUG
Srow;
ShowKdgas
Pebugging function to dump cut the adges
/
void Showkdges (void) {
GRAFE_WODE “piode;
GRARY_XIGE *prromEdge;
CRAPE_EDGE *pTokdge)
int idxBuff;

PNode « first_in list(pGraphNadeList])
while (pMode] {
{axBuze = weprinte(
Brrorbuff,
*[%3}<®, pNode->offFirstSound

12
for {
rst_in list (pN ist) s
prromEdge;
_in_14
1 {
LaxBULE +» wEprintif|
4ErrorBuff [idxsusse],
“xd -, P! £
)
)
idxBufi +» wsprintf (&BrrorBuff [idxBuffl, "»{*);
for {
PTokdge-first_in_list (pRode->pheatList),
PTokdge;
. _in_liat
LR

idxBuff +w waprings(
sEcrorBute [idxBussl,

“%d v, a 2274

-P age 254 - Docket No.

.2 13217.2



ELEY

b

WORKMAN, NYDEGGER & S

A PROFESSIONAL CORPORATION

ATTORNEYS ATLAW
1000 EAGLE GATE TOWER

60 EAST SOUTH TEMPLE
SALT LAKE CITY, UTAH 84111

10

20

21

22

24

25

407

5,640,490
408

}
4axBuff +» waprintf (&XrxovBuff [idxBuff], °}*};
Debugoutput (
DEF_TRACE, XrrorBuff
i ’
pNode = next_in_lixt(pNoda),

waprint? (XrrorBusz, "\a");
DabugOutput{

DEF_TRACE, Trrorduff
)y

#endit

/
GatSoundePsrakanDstermined
Teturns » path element that has all the psroutaiocns up to cScunds for the
dictionaries currently in use.
<cSounds must be raturn value of SoundsPermianDetermined() since the

last call to ).
/
path_elment *GetSoundsPermianDeterained{int cSounds) {
GRAPE_NODE *pNode;
CRAPE_XDGX *prroatdge;
dat crzosPlacesy
path_aelment “RetValeMOLL, - ;
PR elmant ‘plavElamant., *pChaicas=NULL)
¢ . %) ®, c3ounds);
_TRACE, 1
it
Txol,priratActivedord
56 cSoundwenTrol.pri
) {

1f ({pNodesFindiode (cSounds, 0}})=NULL) {
if (plode->pPromPerms) {

retura P P i
} else it ((crromPlacesecount_in list(pHode->pFromlist)}=e0) {
return NULLs //this ia a leaf modm
} elme { f/ this iz whera we generats the

Parmitaions
if (cPromPlaces > 1) { // we nesd to retura a PT_CHOICES
RetVal = pChoices = malloc (
sizeof {path_elment)
Vi
if {RetvaleeNULLI {
DabugOutput (BBY_ERXKOR, "Out of memory™):
return RetVal,
}
pChoices->type = PT_CHOICES;
PCholces->pElamantList «
crexte_list{sizeof [path elment));

pPromEdge = first_in_list{pNada-spProxmLizt);
pProzkdge;
pProxkdge « next_in list{pFronZdge)

prromPlace = GetSoundsPermManDetermined(

12

a2 (
prrocPlace
&& prromPlace->typewwPT_3BQUENCE
&& pChoices==NULL

1 {

//This edge is from a SEQUENCE and is
the only edge ta hara
RetVal = prFrouflaca;
pHevElenact » append_to_list{
prroaflace->pElementlLiat
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N
} alse { //Me nesd to creats ax SEQUEMCK of <<what

was heforsthis edgescthis edge>>

if (pChoices) {

append_to_listIpChoices->pXlementList);

Debugutput {DRP_ERROR, "Out of mamory®);

pSequencs «
} else {
Retval « pSeguence = malloc {
sizeof {path_slaent)
LR
if {RetVal-wNDLL) {
return RetVal;
}
}
it (pPromPlacat=NULL) { //This

adge is from & non-aequence

create list(

YP® = PT_
PpSequence->pElemantiist =

sizeof (path_elment)
¥
pNewElamant » append_te_list(

piequence->pElementLint
1K
memepy {
PHewklemant,
PrromPlace, sizeo?(path elment)
}s
77 fres(pFromPlace}:
PHewXlement = append_to_list(
PSeguence->pElemsatList
)
} slae { //Thix adge is from a leat
node
pNevElamant = pSaguence;
}
}
if {prromEage->phict) {
DPXewKlement->type = PT_WORD;
{DictContext *{pMewRlement->pElementlist
pPromkdge-sphict)
} alse {
puewElemant->type = PT_SOUND;
PNavElanant->pElementList « NOLL,
}
}
}
RetVal w emant (pHod P 1)y
Y olaa {
Debugoutput {
DBY_ERROR, .
*Inealid call to GatSgundsPermManDaterained().”
7]
)
} olae {
DabugOutput {
DEF_XRROR,
“Invalid call to GetSoundsPermManDaturmined().*
3
}
Teturn RetVal;
H
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Removes all permutaions of words for tha first cfounds snd renumber

everything.
7

vold (int eSounda} {
GRAFPE_NCDE "pHext, *pRodes
GRAPE_KDGE *pNaxtFrosPlaca. *prramPlaces

A rol (eSounds) ;

pNext » last in_list(pAraphNodelList};

whila (¢ ) 1=NULL && pRod 1] Sounds) {

pNext » prev_in list{pNodel;

plode->0ffFiratdound -e cdounds;

12 (pNode->pFromParms) {
) (pNod s

plode->prromberxs = NULL;

H

pRaxtPromPlace « first in_list(pNode->pPromlist);

while ((pPromPlacespNextfrcmbPlace} 1= NULL) {
pNextPremPlace » next_in list{pFromPlace};
it (p¥romPl DN < {

if (pPromPlace->pDict) {
free{pFrcmPlace->pDict) s

}

remove_trom_listi{pModa->pPromlist, pYroaPlace))

}
b}
while {{pNodespNext) |=NULL) {
PpNext = prev_ia_list (pNode),
if (pNode->pDastrList) {
destroy list(pNede->pDastlist);
}
i {pNode->prromlist) {
pHextFronPlace e first i list(pNode->pFromlist);
while ((pFromPlacespNextPromPlace) | NULL} {
pHextFromPlace » next_in_list {pFrocPlace) )
if (prramPlace->pDict) {
tree (p¥romPlace->phict) s
}
Temove_from list(pNode->pFromlist, pFromPlaca);
}
destroy iat(pMode->prromlist);
}
if (pNode->pFromFexss) {

}
Temove_from_liat(pGraphModeList, pNade):
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#include
#include
#include
#include
Kinclude
#include

#include
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«io,b>
<dos.h>
<man._n>
<fentl. h>
<stdio.h>
«<sys/stat.h>

*phanic.h®

int InitPhonicTres( ¢har *pFileName, DictContext *pbict )

// Opan the aicticraxy fila
pdict->n¥ile = open( pPileMame, O_BIMARY|O RDONLY, S_IREAD ),
4f( phicte>nrile == -1 }

retura 1)

PDict->0fECUsT  50L; 17 3z
/7 Bead the first Phoniclufe struct

if ¢ lseek( pDict->pFile, 50L. SKEK_SET ) w=w -1)
raturn 1;

414

i2({ rend{ poict->nrile, &{pDict->Phonic), sizeof({PhonicInfo) } le sizeof (PhonicIinfo) )

Tetura 1;

return 0s

} 7/ end int IndtPhonicTrae( char *prileName, DictContext *plict )

void QuitPhonicTrew{ DictComtwxt *pDict )

{

// Closs the dictiomary file
cloas( pDict->arila );

} 7/ end vo1d QuitPhonicTree( DictContext *phict )

int SearchPhonicTree{ DictContext *pDict, unsigned uPhonicCode, Nmphasi
*pNewDict. iat *pNordFlag )

{

DictContext CurrDict;
*pWOrdrisy s FALSK)

if( pDict->Phonic.offSon == OL )
Taturn FALSE;

// Gat tha first noda to look at

CurzDict.offCurr = pDict->Phonic.offson;

if (1meek( pDict->nFile, pDict->Phonic.offSan, SEEK_SET | me -1)
raturn 0,

if { read( pbict->nFile, &{CurzDict.Phonicl, sizeof(PhanicInfo) } I= mizeof {Phonielnfo) )

ratura 01

// Semxch the curzeat leve) for the phonic code
while{ CurrDict.homic.PhomicCode |= uPhonicCoda )

// Bresk if thare is not a next node
if( CurrRiot.Phonic.offNext =e OL )
break;

CurrDict.offCurr » CurrDict.Phonic,offNext)

// Gat the next node

if (1sesk( phict->nPile, CurzDict.Phonic.offNext, SEXK_SET ) aa -1)

return 0
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1f{ read! pbick->nFile, &(CuxrDict.Phonic), sizeof(Phoniclate) ) Im

sizsot (PhonicInfo) }

} 77 end tat 4

raturn 0;
} // and while{ CurxPict.Phanic.uPhonicCode te uPhenicCoda )

4#( CurxDict.Phonic.PhonicCode 1= uPhonicCode )
// The phonic cedae was not found
Teturn FALSE;

// Save tha curraat DictContext int pRewDict
memcpy( pNewdict, pDict, sizeof (DictContext) )
memcpy! &{pMewdict->Phonic), k(CurrDict.Phonic), sizwof(Phoniclnfo} ),

// Chack to ses if there im a word here
4#{ (CurzDict.Phonic.¥lags[0]&0x01} 1e 0}
spMordFlag = TRUE)

ratyrn TRUR;

DictContext *pMewdict )

~pNard, Wordinfo =plnfo )

4
"
/"
1"
1

} /f ena

wordInfo

»i a «pDict,

4ot xr
unsigued char cLen; /1 3xp

// Seaxch to tha word in the file
if ( lmwak( phict-s>nFils, pDict->ofICurr+sizect (FhonicInfo), SERK_SET ) we -1}
retura MULL;

if { read{ pDict->nFile, kclen, 1 } == 1 &&
xead{ pDict->n¥ile, plafo + 1, cLen ) wms clan}
*pInfo » cLan;
/7 3rp
else
raturn NULLs

x =0
ao
{
reed( pDict->nFile, &{pInfolxl!, 2 ),
} while{ pInfo(xes] 1= RULL };

“pNOrd = phict->offCurr + sizeof (PhonicInfo) + cLan 77 3
if (pInfoll] & Dx01} /7 4zp
{ 1/ 3p
*p¥ord = WULL, /7 3o
} /7 3m

return plnfo;

cHordl Di spDict,

Di *pDict, “pHord, *plafo )

int x
unsigned char cLeas // 3zp

1f (*pWord == KULL} /4 Jzp

{ 1 e
raturn NULL; /4 3

) /7 3

// Seazch to the word in the file

4f (lweax{ phict->urile, *pWord, SEEX SET ) == -1} iz
Fetura KULL:

1f ( readl pDict->nFile. &cLen, 1} =e 1 &&
read{ pbict->nFile, plofo + 1, clen } ss cLan)
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*plnfo = cles;
/4 dzp

wlsa

raturn RULL,
x -0
as
{

read{ pbict->nrile, &(pXafo[xl}, 1 };
} whilel pInfo(x++] le WOLL );

*p¥ozd ++ cLaay
if {pXafoll} & 0x01} ! 1xp

*piord = WULL, 1/ 3=p
H 1/ i<p

retura plafo;

/1 3

( pi “pDict, *pWora,
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. -- pai.c --
+ Copyright Symergetics 1993, 1884

* Warning Confideatial Material
+ Property of Synargatics
* Copyright 1333, 1224 A1}l Rights Reserved

#include “dsp.h*
¥include “bach.h*
#include v1stsqrs.h®
#isclude “srengine.h®

axtern int MaxAmpl; /* ‘The ¥aximum Ls value for this zegion */

/= defined in hach.c */

#ifdef PEDERATION

int bachPilters[NPILTERS) = {0, 250, 500, 1000, 1500, 2000, 2500, 3000, 3500.
4000, 4500, 5000, 6000, Y000, 28000, $000, 10000}

#undif
/= a zers will includa the fundimental freq, & one will
axip ¥D 4/
Ydefine USEFO 0
/ _BEADER
NAMR) FipdLimit
DESC: ¥ind the four highest Amplitudas then pick the noise £loor.
™. PAmp - pointer to the amplitude arrey (Mhare to look) .
oore
RETURN: Nolse floor,
WOTES:

SEND_NEADER¢s+#ssbsnanisntsanacoraesve/
#define POINTS S
int Fiadiinir( int *pasp )

{
int i,
3.
x;
int MaxArp {POINTS] )
for (i e« USEMO, i < FDINTS; des)
Maxhxp (1) = O
for (1 = USEFD) i < RFILTERS; i++}
{
for {§ = 05 j < POINTS; j++]
if (phap(i] > KaxAspl[4l)
{
for (k o (POINTE -1)) Xk > J7 k=)
{
Kaxazp (k] - Maxkup (k-11)
}
MaxAep(j] = DAmD[i];
Dbreak;
H
}
)
for (i » (POYNTS -1); i >w 07 i--}
A€ ( MaxAmp[i] 1w 0}
break;
Teturn MaxAwp (il
}
/*VUNCTION HEADERPTTrennnnvesvosacsnses
HANK : YindRange
DESC: Return half of the bandwidth that the targst frequancy is within.
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m: freq - Target frequancy.
[
RETURN: half of the bendwidth freg is within.
NOTES:
*XND_HIADER: 7
int Findrange{ int freq )
{
int i

For (L = 0) 1 <« NPIDTERS; i4+)

{
it ( fzaq > bachriltexa{i) &a
frag < bachFilters(i+1})
return ({int) ({(bachrilters{is+l] - bachPilters[il) / 2} + 0.5))«
}
raturn 0) /* satifies the compiler but it should never get hara */
}
_EEADKR
RAME : FindClasePreq
DESC: Pind a close frequency in a node
IN: freq - Praguancy to find the freq close to
zange - Plus or Winus amount to search within
*prormants - list of possible Irequencias to seszch.
our:

REUPE: ¢ - if no frequancy was clozs to tha target fragquency
Zreg of the averags of all frequencies in the runge.
HOTRS :
*END_HRADKR' !
18t rindCloseFrag{ int Limit, int freq, int range, struct XIGAIRS *frame )

{

int i
int um « 0y
int ausCount = O

for {L = USKFO) i < NFILTERS; iv+}
{
1£ ( frame->ampl[i] > Limit
[
(frame->ffreqi] > (freg - Tange)
&
frame->fIreqii) < (fxeq + range)))

s 4 frame->exeqlils
sunCounk++s

if (sumCount)
return ((int) (sum / sumCount + 0.5));

olae
return O
)
/ _ EXADER'
WAMK ¢ CaleSlope
DESC: Given s maximum of 3 points, find the average.
™ PValues - ptr to 3 values. If thara are only two points then pValues[2]
4is the locmtion that should be zero.
ouT:

RETURN: 0 - if only cne value to lock at or if the slope is veally =zaroc.
ROTES:

*END_HEADXR: /

int CalcSlope( ist *pValues )

{

/* ¥ow calculate the slope with what we found */
12 (pValues[0) &k pValues(2])
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1 return {{int} (fabs (LeastSquares (pValues. 3, SLOPX}))))
elue 42 (pValues(2] Ie O} /* wera both [0] mnd (2] zero?
2 .
return abs(pValuss{3] - pvalues(il)
3 alue if (pVelues10] I« O )
Teturn aby(pValues[il - pValuesl0l)s
4
alse
Yoturn 0y
S
}
6
/
7 » SmcothsumSiops - Use a Jpt average to smsoth tha suaSlope value,
/
vald
8 SmoothSumSlope! struct HIGGINS *frmstart )
{
struct RIGGINS *frame = frmstart;
9 int counter,
raluas{i);
10 while [ frame [= NULL )
{
11 1f ( frame->typa l= 'V )
{
frame » frame->next;
12 cantinuer
}
13 counter = Of
14 if { fzame->prev |s NULL &&
frama->prav->typs -= 'V )
{
15 values[0] = frame-aprev->aunslaps)
CoUnter++y
)
16 alse
valuesi0) = 05
17 values(l] = frane->aumsSlope;
gountar+ds
18
if { frame->next |= NULL &&
>‘ )
m fraps->next->typa == 'V’ }
— 19 {
53] values(2] = fxame->next->sumilopes
i i e
2z = alze
e Hug
o zaEE3 2 valuesla] = 0
SRS
NS Z
Q HEgbE ¢rape->sunSlope = (values[0] + valoes[1] + valuax(2]) / countes:
@) g;EE > 22
[-‘DJ 3 >OOE frame = frams->next;
z Em 5}
S EZAN }
> 2 BEBEE 23
fO<w
Z. @ E D
Ehawd }
c 2 <Sak
ZE 28]
<~ e
/
25 + CalcSumSlope - At sach node in kthe WICGIKS list find the alope
+ of wach formant and sua the absolute valua of the slopes. Thnis
O * romber is en indicaticn of the rate of chavge of all of the
B 26 * Zormants at each zode.
/
vo1d
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CalcSumSliope( struct EIGGINS “frmstart )

atruct HIGGINS *frame » frmstart)

range,
values(3),
countaer;

Currlimit = 0,

Pxavlisit = 0,
Mextlimit « 0;

/% Calculate the sumSlope for each node */
while { framse !e NULL )

Frams->pmi « Of
frame->sunslcpe = 0;

{
int i,
int
4
I
Al iz
1
{
}

counter = 4:

¥ind a veiced node +/
{ frame->type 1= 'V' }
{ frame->type == *Q* )

frame = frame->next;
continue;

/* only allow 4 formants */

memsat( values, 0, 3 * sizeof(int) ),

#define LIMIT_BEREK
#ifdef LINIT_WERE

Curxlimit » FindLinit( trame->ampl );

it

Previimit : Curylimit)

iz

¥extLimit : CurzlLimiy,
fendir

( frame->prev [= MULL && frame->prev->type == "V° )

¥ay want to go back to this =/

Preaviimit = (PrevLimit = Findlimit| frame-spreav->ampl )) < Currlimit ?

{ frame->next le MULL &k Zrame->pext->type == 'V: )

NextLinit o (HertLimit = FindLimit( 1)) < Cu

1.4

/* Da not include the fundimental */

for € i = 1) 1 < NFILTERS; i+4 )

{

#ifdef LIMIT_HERE

Jalsa

#anaiz

range, Crame-sprav ),

if { Prama->ffragli] == 0 )
continue;

it { (fzame->type LA T
frame->amplli) < Currlimit) ||

counter > 4 )

break;
if ( frawm->type e= V' )

if ( fxame->ffreqli] > 4300 || cownter > 4 )
braaks

zTaags = FindRange{ frame->ffraglil )i
if { frume->prav le WULL && frama->prav->type [= ‘Q' )

values(0] = FindCloswrreq{ Prevliimit, frame->ffreq(i],

values[1] = frasa->£fragli];

if ( frame->mext Iw NULL &k frame->next->type Is 'Q' )
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valuesil] = PindC: ( WextLimir, f;

frame->Rext );

Erame->sumSlops +w CxlcSlope! values ),
countar+s)

if { counter > 0 )
£Tame->sunSlops - frama->sunSlopa / counter)

qli],

/* Xaep track of the number of formants that went into sumSlopa +/

frame->pmi = countar;

frame = frame->next;

/

* FindPMIl - Fiad sll tha minimums in the sumSlope data.

woid FindPMI1( struct EIGGINS *frmstart )

{

struct HIGGINS *frame = frmstart)
int

int
int

flag,

al, n2;
ainiaums DumberOfyodes] [2)
mincot = 0y

/* Don't do anything with the last node in the list </

while ( frame = NULL )

{

*/

if (frans->typs la 'Vi)

{
flag = PALSE)
frame->pwl = O
frame = frame->next;
continues

}

/* maks sure that thers ware at least two formants in sumSlops */

it { frame->pmi < 2 }

{
frame->punl « 0,
frame = frame->next)
cantiaue;

}

/* STARTUP - If this is the £ixsk point after a non voiced ssction then

Pick the first poict after the sound gets going.

if ( £flag = FALSEK &&
({flcat) frame->Ls / (float)Maxhmpl) > .3 )

{
flag = TRUE,
=misimuzs (ninent] [0] « frame->sumSlope;
siaizums (ninent) [1) » frame->loct
frame->pmi = 1;
mincntes;

H

/* Plag that this microbe is a

/* MININUK - Iz this ane, less than both the next and previcus valums? */

12 ( fxama->prev is NULL &t
frame->next )= WOLL &&

s < frame->p:
214 <e £

op® ki
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minimomy [mincat] [0) » frame->sumSloper
minimuns (Dincot] [1] » frame->loc)
frame->pmi = 1;

pal */

microbes

/* Flag that this micrcbe iz a

it ( frame->next I= NDLL ) /% don't allow any other pei within 2

framm = frame->Dext;
frame->pami = O

3}

minentees

2lag = TRUX;

/* IRFLECTION - The slope coming into and leaving this point

+ differ greatly lika _/ or \_ */

elxe if [ frame->prev [- NULL L&
frame->next tm NULL &&
frame->prav->pui =x 0 &&
fzame->naxt->pai ws 0 )

Bl = frame->SuUmSlops - Frame->prev->sumSlope;
-2 o L - & s1

Af ¢ (ml > 0 && ;2 > 0 66 abs(m2) > sha(mi ~ 43} |}

(Ml < D Gk B2 « O &k abm(ml) > absim2 = 4)) )

4
minimuns(sincot] (0] = frams->sumslope;
oinisums [wincot) (1] = frame->loc;
frame->pel = 1)
mincatss)
flag = TXUR;

wlae
frame->pmi w Oy
olse
Trase->pmi = 0

frame = frame->next:

/

= CorrENIToLs - Correlate FXI to Lx. Xach of the PMI points should
* correlats to a max in the Ls (envelope} data and & min in the

* sumSlops data., It may bs off by one tima segment but not much

* more than that.

void riodPMI2( struct MIGGIMS “frmatart )

{

struct NIGGINS *frama « fymatart,
BOOLEAN YiratTima,

while ( frass |= NULL )

{

if ( frame->type t= 'V' ||
frama->prev ew NULL ||
fzame->naxt we NULL }

{
frame->pmi = 0;
frame « frame->naxt)
continue;

}

FiratTiae - TAUK;

while ( frame |« NULL &&
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fraze->next 1= WULL &&
Zrame->type == 'V’ )

{
/* pake sure that there were at least two formanta that went iato
calculating sumSlapa */
if ( trase->pai < 2)
{
fxame->pal » FALSE:
trame = frana->next;
coatinue:
}
frame->pmi » PALSE; /* reinitialize to 0 ~/
/* ¥iod the mins in the sumSlcpa dats */
i ( Slopa > £ D Yape ||
frame->sumSlope > frume->next->sumSlops )
{
/% This point is mot a min ./
/4 Don't drop through if it's mot tha PizatTime */
12 { FirstTime I= TRUE )
(
frana = frame->next;
centinuey
Y
}
/* The fixst time into a voiced section £ind aither the £izst sax in
La
or the first ain in sumSiope s the firat PME. */
else if { FirstTime &&
Zreme->prav-stype == 'V’)
{
/* its a win in sumSlope and PirstTime i true */
PirstTime = PALIK)
tzame->pmi = TRUE;
frame o frAme->neXt; /* Dbon't west to
drop any further if this is the FirstTime */
continues
}

/* ¥ind the maxs in the Ls */

/+ is this point a max? */

11 { frame->Ls > frame->prav->Le &
frama->Ls > frame->next->Ls )

{
ViratTime = FALSK)
frame->pai = TRUE,
}
alss if { PizatTime == TRUE }
{
/* Don't check any further if we're still locking for the
PirstTine */
frame = frame->next;
continue;
}

alae if { frane->prev->prev I= WULL &&

frama->prev->prev->type == V' ]

/* i3 this point a max? 7

if { fxame->prav-sLs ¢ frams->Ls k& frase->naxt->Li <

frame->Ls }

{
frame->pai = TROE;
}
/* is the pravious point a max? */
wlae if ( frama->p Ls > £ prav->p

frame->prav->La > frane->Ls )
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1 {
frame->pai = TRUE;
) .
2 /* is the previcus-previous point x mex? */
1f { frame->prev->prav->prav i WOLL k&
3 frame->pIav->prav->prav->type
-V &E
Sxame- >prev->preav->Ls >
4 fraws->prav->prev->prev->Ls &
N frame->prav->prev->Ls >
frane->prev->La )
5 {
frame->pai s TRUR;
}
8 )
7 else if [ trame->next->naxt I= KULL &6
frane->next->next-ztype == V¢ )
{
8 /* is the next poiut a max? */
ir > Ermme 3
frame->next->Ls > frame->Ls )
9 t
Zrana->pai = TXUE;
10 3
/* is the next-maxt poist a max? ¥/
1 alse 12 ( frama->next->next->pext l= WOLL &
- VY AE
12 Irame->next->next->Ls >
tzn‘-;mtonexl:-ﬂmxh»u &k
13 frame->next->pext->Ls >
frame->next->Le }
{
1% fxame->pai = TRUE;
}
)
15 Srane = frame->mext;
1 /* End of tirst while loop ~/
16 } /¢ Xnd of ascond while loop ./
}
17
/
v indPKI3 - Sslect PMI points on the Baxs of Ls over the ficat half of
18 o 2 voiced ssction and Zzom thae ainz of sumSlope over the back half.
B /
m void FindPNI3{ struct HIGGINS *Zrmstart }
= 19 «
g struct RIGGINS *fxame = frastart,
sandframe;
g 20 int max,
Z = reachedmax;
2 _Hwg
[~ gzE:=2 2
% gf‘gai while ( frame le NULL }
= = {
Q8 ;Eg'- 2 /e Fiog the begizaing voicad section */
3 3 >-’J:>E 12 ( frame-styps l= ‘'V' )
SRR (
= = 3]
Z z o‘z‘,;;ﬁ 23 /+ can't have 4 pal thils close to the end of the data */
“tgg»u:l_‘ frame->pmi = Or
H g4 24 frame = frame->next;
b4
< @ coatisue;
}
2 25
é /* ¥ind the ending volced section ¢/
o andframe = Ixame;
B 26 max e Os
while( endframe->next i= NULL &&
andtzame->next->type w= 'V" )
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{
if { endfzame->Ls > max )
max - endizrame->La;
endfzane = endframa->next;
}

while { frame i= exdframe )

{
/* Dake sure that thers wers at least two formants in sumSlope */
1f ( frama->pal < 2 )

{
frama->pai = 0;
frams = frame->next;
continue)

}

frame->pmi = reachedmax = 0; /* xeinitialize tc 0 */

if { frame->prev le NULL &&
frama->naxt ie= NULL &&
frame->prov-atype == ‘V' ik
framm->next->type == V' )

{
iz ( Izreachedzazx }
if { frama->Ls > frame->prev->Ls k&
frama->Ls > fTame->next->Ls )
frams->pmi = TRUE)
if ( frame->Ls == max )
Tmachadmax = 1;
alze i ( ¢ < 2 P >sunSlope &&
frame->sumSlope <
frame->next->sumSlope |
(
frame->pel « TRUE;
}
}
frame = framsa-snaxt;
}
frane o frama-s>next)
)
3}
/
* rindmnvad T - Fiod cne in the La data for each

* unvoiced section and lebel it the PNI.

void

PindUnvoicedPMI{ struct XIGGINS *frmutart )

{

struct BIGGINS *frame = frmstart,

int max;

*aaxfrane;

while { frame != NULL )

{

/* Pind the beginning woiced sacticn */
if | fxamm->type I= ‘T' }
{

frame « frama-s>next;

continuer

H

/® Pind the node with the greatest Ls in this unvolced section +/
maxframe - frame,
max = 0;
while( frane |= MULL &&
Irame->type == ‘7' }
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{
if ( frame-sLs > max )
{
Bax = frame->Ls)
muxtrame = frame)
}
frame w frame->nexts
H

maxframe->poi « TRUE)

/
* EMIDuratiom - Datermine the number of nodes in the list since the onset
* of this word ar aince the last PNI.

void
PMIDuration{ struct HIGGINS ~frmatart)
{
struct HIGCINS *frame = frmstart,
*tirane)
iat countex;

while { frasme |= NULL }

{
if ( frame->type le ‘V' &&
frame->type = 'U’ )
(
frame = frame->next;
contioue;
H
if { frame->type ms *V® }
{
counter = 0;
while ( frame I= WULL &k
frama-stype we 'V' )}
{
countar+es;
12 { frama->pmi == TRUE }
{
frame->pmi = counter;
counter = 0y
}
frame = frame->next)
}
}
/* Duration for unvoiced pei ix the length of the unvoiced saction */
wlse {f { fruse->type «a 'U* )
counter = 0;
tframe = NULL,
while ( frame (e NULL &&
frame->typs == 'U' }
{
counter++;
if { frame->pmi =e TRUE )
ttrame = frame
freme = Zrams->next)
H
4¢ ( tframe $w NULL }
tframe->pmi = counter;
}
}
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* OnlyOnePoint -- Pick the lowast sumslope of continuous pmi points

void
OnlyOnePoint( atTuct MIGGINS *framtart)

{

4int Found = FALSE;

stxuct HIGGINS *frame = frmatart,
struct BIGGING *StartPmiZones
stryct NIGGINS vRadPmiZone)
£loat LowestSlope = 1000 /* some large number to start off with, */
whila { frama != NOULL }

{
/% ¥ind the (first/next) PHI
(potnt/zone) ¢/
while ( frame->pmi != TRUE &k frame->next l= NULL }
{

}

frame = frams->next:

StartPmiZone = frame)

while ( frams->pmi == TRUE &k frame->next e NULL }
{

frams = Lrame->next;
}

IndPRiZons = Irams;

frame = StartPmiZone:
while { frame < EndraiZone )

{
it { frume->sumSlopa < LowestSlope }
L tSlope « £
frame = frams->naxt;
}

frame » StartPmiZone)
while (tzame < EndrmiZone )

if ( frume->sunSlope > LowestSlope && Pound == FALSR |

{
frame->pmi m FALSE;
Found = TRUE;

frame » frame->next;

}
frams = EndPmiZone-snmxt;
3
}
!
* OutputMinizums - 777
/
Fifdef OUTPUZ_MININUMS
void
¢ int * int mincat }
{
extern FILE *ainfprr;
sxtern struct COMMANDLINE clo;
int i

if (minfptr le NULL} {
for (i w 0s L < mlacat; des) {
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printf(*%l1a®, GetPilalocetion( minimams(i}{1}) ),
Priatf (*\tkd\n®, miniwuma[i][0) ),

fprintfiminfptr, *X14*, GetFilaLocation{ minimums (1] (1) ¥
fprintf{minfpty, "\t¥d\n*, minimma(i)[0] },

/*FURCTION _EEADER®*=teeorsssrescasnnace

MRMX
DRSC:
IN:

T
RETURN:
NOT2S:

PointXaxintelligence

Calculate the point of Marisum Iatelligance
“Zxastart - ptr to node in the RIGAINS list contaiming info for
this 10240 section of data.

1] Take the minimum 2 pt slope and use it.
#) Yor sach node, decide which modes to usa: Don’t want to look
at Quiets or Uavoiced.

Uza:

vevev

Q-v-v

v-v-Q

2} Find the ainimum sus of slopes across tha EIGGINS 1ise,

*END_]
void

2o ) /

PointMaxTntelliganca( struct EIQGGINS *frastart )

{

Iz

CalcSunslopa( frmatart ),
SmoothSumSlope( frmstart ),
SmocthSumilope( frmatart ),
¥indP®I2( frmatact };
ZindUnvoicedPAI( frmataxt );

OnlyOnePoint{ fxmatart }; Thers iy & problem here sosa doublas are gatting through */

PMIDuration( frmstart);
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/*C_BKADER_FILX:

rILE : possible.c

DRSC : Routines to handle the poszibilities array
TABS 13

OHXER :+ Brent Eale

DATE CREATED: 27 Oct 1994
Copyzight Synergstics 1933, 1994
Warning Confidential Material

Property of Synargetics
Copyright 1333, 1994 All Rights X

SYNOPSIS:

*END_SEADER' !

#ioclude “srengine.h*
#include “dsp.h*
#include “possible.h*

RANK: InitializaPossiblm
DESC: Initializa a POSSTBLE'S array.

MOTES X
*KRD_HEADER /
void InitjalizePossible( POSSIBLE *Phonema )
{

iat iy

/% Init the data areas - aqrt(((meas - atd) / std)**2 » Musber(fValuas) must
ba lass than Confidence $100 = 30°%2, 50% ie the worst allowable match */
Vifdet UNTIL_BETTER
float Contidence w 0,

Contidence » sqrt( {double}dl00 * {double)NusberOfValues ),
for ( 1 = 0; i < MAX_POSSISILITIES: ie+ }
{

Phoueme (i) .p = UNKNOWN_PATH;

Phonemali] .c = Confidence;

for (1 = 0) L < MAX_POSSIBILITIES; i+s )} {
Phonema(i]l .p = UNKHOWN_PATE;
Phonewe(i]) .c = Gx7FFF;

#endift

7*FUNCTION_ERADER®**
NAXE: pIosert
DESC: Insert m naw value into a POSSIBLE array

NOTES:
D ’
roid pInsert( POSSIBLE *pArray. iot Pascii, float Confidence §

{

iat i,
Index = 0;

for { 4 = D) 4 < MAX_POSSIBILITIES; ise )

{
/% ¥ind the index where thix Canfidance value fits 1n ascending order v/
i2 ( Contidenca < pArraylil.c )
break,
}
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if { i < MAX_POSSIBILITIES )

{
Index « 1,
/* Push everything up in the array +/
for { 4 = (MAX_POSSIBXLITIES - 1}; i > Index; i-- }
{
pAxrayli].p = phrray (i-1).p;
pArray(i).c » pArrayli-1).cr
}
/* Insezt the new value */
PArray(Index] .p » Pasciiy
PArray{Index].c = Contidence;
}
return;
3}
/ _ERADER!
DigtanceZProbadbility
Adjust the Fuclideas distance to s probability valum im tha rangm of 0-180
using the formnla {1 - i/sum}/(a-1) * 100. This way the sum of the
confidence's will add up to 104.
P8 *Phoneme - ptr to the possiblities array to convert,
ouT:
RETURN:
ROTRS
~END_EEADIR /
void Di Lityt “Phoneme 1
{
int i, sum, sument;

/* Adjust the EKuclidean distance to & probability value in the runge of 0-10¢
* using the formuls (1 - i/swm)/{p-1) * 100, Thia way the sum of the

* confidemce's will add up to 100. v/

for ( i = suM » mmcat » 0) i < MAK_POSSIBILITIES; i++ )

{
if { Phonema[il.p != UNKNOWN_EATXK ) {
sun +» Phoneme(il.c + 0.5;
aumcntee)
}
}
sumcntae; /* gat the

2 - 1 value ¢/
for ( 4 = Oy L < MAX_POSSIBILITIRS; i4s )

{
ir tsm > 0
{
if { Phoneas[i].p I= UNEMOWN_PATH ]
Phonene(i).c = {1.0 - {Phonema{i].c / (£loat)sum)) / sumcat
* 100.0;
alse
Phonemali).c = 0
}
elss
Fhoneme(i].c » 0;
)
H
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/*C_BRADER_FILE:

rILE
DESC
TABS
OWWER

SYMOPSIS:

: probable.c
: Probablity tablas.

i 4

: Brent Eale
DATE CREATID: 22 Oct 1994

Copyright Synergetics 1993, 1994

¥arning Confidentisl Material
Proparty of gSynergetics
Copyright 1993, 1994 A11 Rights Reserved

*THD_MRADRR

aouble Probability[400) « {

1.00000,
0.92034,
D.BA14R,
0.76418,
0.68316,
0.61708,
0.54850,
0.48394,
0.42272,
0.36212,
0.31732,
0.27134,
0.23014,
0.19369,
0.16182,
0.13362,
D.10360,
0.08914,
b.07186,
0.05744,
0.04550,
0.03572,
0.02780,
D.DZ144,
D.DL640,
0.01242,
0.00932.
0.00694,
D.DD512,
£.00374,
0.00270,
0.00294,
0.00138,
0.00096,
D.00068.
0.00046,
0.00032,
0.00022,
0.00024,
0.00020,
s

0.992020, 0.204040,
0.912420, 0.904420,
0.833660, 0.325880,
0.756560, 0,748340,
0.631800, 0.674430,
0.510D6D, 0.683060,
0.541B6D, 0.535260,
0.477700, ©.471520,
0.4175940, 0.412220,
0.362820, 6.357580,
0.312500, 0.307740,
0.267000, 0.262720,
0.226280, 0.222460,
0.190200, 9.196840,
©.158540. 0,155620,
0.131040, 0.128520,
0.107400, 0.105240,
0.087260, 0.085440,
0.070300, 0.068760,
0.056140, 0.054860,
0. 044440, 0.043380,
©.034860, .0634000,
9.027300, 9,026420,
0.020880, 0.020340,
@.015850, 0.015520,
©0.012080, 0.011740,
0.003060, 0.008800,
0.00§720, 0.006520.
0.004960, 0.004800,
9.003620, 9.003500,
©0.002620, 0.002520,
0.001880, 0.001800,
0.001320, 0.001230,
©0.000940, 0.0680%00,
©0.000640, 0.000620,
©.000440, ©,000440,
©.000300, 05.000300,
0.000200, 0.000200,
0.000140, 0.000240,
©.000100, 9.000080,

0.576060,
0.896540,
©0.81a100,
8.741400,
0.667200.
a.595120,
0.528700,
0.485400,
0.405540,
0.3523%0,
0.303020,
0.258480,
0.218700,
0.183520,
0.152720,
0.126020,
0.203100,
0.083640,
0.067269,
0.053600,
0.042360,
0.033180,
a.025740,
0.019800,
0.g1sio0,
0.011400,
0.008540,
0.006340,
0.004650,
0.002280,
0.002449,
6.001740,
0.001240,
a.000860,
0.000500,
0.000420,
0.000280,
0.000200,
0.000120,
0.000080,

D.968100,
0.888660,
0.8103490,
0.733860,
0.659940,
0.588200,
0.522130,
0.45%3300,
0.400320,
0.347220,
0.298340,
0.254300,
0.214980,
0.180240,
0.149820,
0.123560,
0.101000,
0.081860,
0.055780,
0.052380,
0.041360,
0.122350,
0.025100,
0.019290,
0.014680,
0.011080,
0.008300,
0.006140,
0.004520,
0.003280,
0.002360,
0.001680,
0.001200,
0.000240,
0.000580,
©.000400,
0.000280,
0.000120,
0.000120,
0.000080,

0.960120, 0.95216,
0.880760, 0,87233,
0.302580, 0.79486,
0.726340, 0.71884,
0.653720, 0.64552,
0£.582320, 0.57548,
0.515700, 0.50936,
0.453280, 0.44726,
0.395320, 0.38980,
.342120, 0.33708§,
©.233720, 0.28914,
0.250140, 0,24606,
6.211300, 0.20763,
0.177020, 0.17384,
0.147060. 0.14430,
0.131140, 0.11876,
0.098940, 0.09632,
0.0%£0120, 0.07840,
0.064320, 0.06283,
0.051180, 0.05000,
0.040360, 0.03940,
0.031560, 0.03078,
0.034440, 0.02382,
0.018780, 0.01828,
0.014280, 0.0139¢,
0.010780, 0.02044,
0.00BO40, 0.00782,
0.005860, 0.00573,
0.004380, ©0.00424,
0.003180, ©.00308,
0.002280, 0.00222,
0.001640, 0.00158,
0.001160, 0.00112,
0.000800, 0.00073,
©.000560, 0.00054,
0.000380, 0.00038,
0.000260, 0.00026,
0.000180, 0.0001&,
Q.000120, 0.00012,
0.000080, 0.00008,

©0.944200,
0.865020,
0.787180,
0.711380,
0.633360,
0.568680,
0.5028¢0,
0.441300,
0.324300,
0.332080,
0.284620,
©0.242000,
0.204030,
90.370700,
0.141560,
0.116420.
0.094320,
0.076720,
0.062450,
0.048840,
0.032460,
0.030000,
0.023200,
0.017780,
0.013520,
0.010160,
0.007580.
©0.005600,
0.004100,
0.002980,
0.002140,
0.001520,
0.001080,
0.000780,
0.000520,
0.000360,
0.000240,
0.000140,
0.D0001480,
0.000080,

0.836000,
0.857160,
0.773480,
0.703%40,
0.631240,
0.561%20,
0.496500,
0.435400,
0.378860,
0.327080,
©.210140,
©.238000,
0.2003490,
0.167580,
0.138830,
0.114100,
0,092260,
0.075080,
0.060100,
0.047700,
0.G37520,
0.029260,
0.022600,
0.017320,
0.013140,
6.009880,
0.007360,
0.005440,
0.003980,
0.002880,
0.002060,
0.001480,
0.001040,
0.000720,
0.000500,
0.000340,
0.000240,
0.000160,
6.000100,
0.000060,

This i3 the .975 column of ths studeat

distribution curve.

Values 1-30 inclusive are uniquiely identified.
then values 40, 60, 120, infinicy.
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if In > 30 &k n <
Indsx w

Index =

else if (0 >= 45 && B < 50 }

Index =

a5 )
30;

if (o >w 35 && n < 45 )

31;

32;

elee if (n >= 90 & o < 500 )

0.528220,
0.349320,
0.771220,
0.6965¢0,
0.624140,
0.555200,
0.450200,
0.429540,
0.373460,
0.322180,
9.275720,
0.234060,
0.137050,
0.164540,
0.136220,
0.111840,
0.090840,
0.073460,
0.058760,
0.046600,
0.036620,
0.028520,
0.022020,
0.016840,
0.022780,
0.009600,
0.007140,
0.005280,
0.003860,
0.002780,
©0.002000,
0.001420,
0.001000,
0.000700,
0.000430,
0.000340,
0.000220,
©.000360,
£.000100,
a.000080
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Index = 33;
alse if (n >= 500 )
Index = 34;

double Predictionl3s] « {
0, /* PLACE NOLDER TO OFFSET FROM ZXRO */

12.706, 4.303, 3.182, 2.776, 2.571. 2.447. 2.365, 2.306, 2.262, 2.228, 2.201, 2.179, 1.160, 3.1%5,
2.131, 2.120, 2.101, 2.083, 2.086, 2.080, 2,074, 2.069, 2.064. 2.060, 2.056, 2,052, 2.043, 2.045,

2.042, 2.021, 2.000, 1,940, 1,960
- ’
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/4 simpleio.c

#include <stdio.b>
#include <windows.h>

#include “simpleio.h®
static int idCombev)

void InitCom(int port)
(
int errj
DCE dcb)
COMSTAT CowmStat;

14ComDav » OpanComm(*CON2®, 1024, 122}

if (4dCoxDev < 0)
{
printt (*Opentomm 4d errox\n®, idCowbav))
Teturn;

}

err = BuildCowmDCR(*COM2:9600,n,8,1°, kdcb),

if (err < 0) {
Printf ("BuildComsDCB %3 axror\n, errl;
Toturn;

}

exr = SetCommstate(edch);

it (exrr < 0) {
printf{*SetComsitate %d errorin¥, err);
return;

void QuitCom(void}

€

CloseCoxm{idComDev) ;

}

char GetComdyte{void]

{
char Byte;
int counts
do
{
20 Mag;
count = ReadComm(idComDev, LByte, 1);
if iGetMessage{tMsg, NULL, 0, 0))
(
TraoslateMessags (&Msg) ¢
DispatchMexsage [&Mag)
} while {count == 0);
WriteCoxm(idComDev, &Byte, 1)
return Byte;
}
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void SendComStr(char *pstr}
{
char Rcviyte;
int ro,
izt count;
COMSTAT Commitat)

do

{
re = WritaComm(idComDev, pstr, 1);
it (xc ¢ D)
{

tidComber, 7
break;
}
do
{
A5G Mug;y
char Byta;

count « ReadComm(idComDav, &Byte, 1);
if (count w= 0)
{
1f (QetMammsga(iMsg, XULL, D, 0))
{
TranslateKessage (EMsg) ;
DispatchMessage [&dsg) s
}
}

} while (cownt == 0}

)} whila (*pStre+);
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7*
SIMPLIO.C

This module tains the for with the sarial 10

¥OTE: APX Function descriptions ara ia SINPLEIO.R
~/
$include cwindowas.h>

#includa cwindowsx.h>

dinclude "stdlib.h*
¥include “stdio.b
finclude “string.bt

¥define COM_WRITE STRIRG WH_USER+l
4define ID_TIMER 1§

/%%+Local Prototypas evres/
BOOL IsitCom(int iPortID);

BOOL QuitCom{veid)s

BOOL SendComStr{LPSTR lpSendStr);

XWRD InitMotifyWindow(void),
LRESULT WIMAPI _export ComNadProc(EWND bhMnd, UINT msg, WPARAN wParam, LPARAN lParam);

/*** Global variables ¢see/

static UINT g_1PoztID = 07
static 0D g_hMndNotify e (HWND)NULL:
int nTinerId a Oy

extern EINSTANCE hInat;

/ /

Jeevwsmsnennseveras SIMPLEIO APL /
/
7
InitCom{)
Desc: Opens the serial port specifisd by tha caller
Input: Port:Specifies the merial port to ba used, i.4. on & PC, 1 = COKL,
2~ COM2, ete.
Return: Port TRUK if successful, FALSE if not (¥rror cade iz <= D)
Hotes:
*/
BOOL ImitCom(int iPortIb)
{
int 1D,
/% Windows interface to com ports v/
char szComName (6]
waprintf{szComName, *COMYA", iPOrtID};
Af(iPortIp < 1}
return FALSE:
/* Open specified port */
ID « OpeaComs{szComNama, 16, 16);
42(ID < 0}
// Check for exrors if presest
return{FALSE) )
// translate erxor code
alse
{
int err = 0y
g_iPortIl « ID;
1 Set up window to raceive norification messzages
o) = InitNoti 1y
A£(1g_hMnaNotdfy)
err = TRUE)
alse
{
1t Set sezial port parsmsters
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char hufter[20],
OCB dcb)

sprintf(bullex, “"CONS3:9600,0,8,1%, iPortID);
err = BuildCommDCB{buffer, kdcb);

it(err e 0)
err = TRUE:
olae
{
err w SetCommStata{&dchb) s
if{erx is 0)
err « TRUZ,;
}
}
if (exr)
{
// An erxor occurred mfter the port was cpen; clome port and
" chasgs poxt id to error code
CloswComm {ID} 5
return FALSK;
}
}
ratuxn TRUB;

} // ®w OF InitCom()

I
QuitCom()
Dese Closes the ssrial port specified by the caller
Input: RortID:Specifies the serial pork to be closed
Return:

TRUX or PALSX
>/
300L Quitlom{void}
{

CloseComa (g_iPortIn),

12 (g hNndNotity)

Destroywiadow (g_hWandNoktify))

Taturn (TROL} ;

} /7 BD oF QuitCoa()

I
InitMotityNindow
Desc: Initializes window for receiving NK_COMMNOTIFY messages

Input: PortID:Spacifias the aerial port to ruceive messages from
CON: The ASCIT name of the com port
hinstance: The instsnce handle of the application
Return) Hendls to a window if successful, NULL if not

Notes: The Port 1D iz the value from the Op S
=/

0D InitNotifyWindow()

{

EWD hiad « NULL:
WNDCLASS wadclass)

/7 Dafine windew cless snd give it com port name
wndclass.utyle « 0;

ymdclass.lpfandPree = ComMndProc:

wndclawe.chbClaskxtra = 0)

wodclass hOursor = NULL)
wodclass.bbrBackground = NULL;
wadclass,lpszMesuName - NDLL:
wndclans.lpaxClasaName = *ConNotify":

RegisterClamm{kwndclass) +
/" Craate window
h¥ad = CreateWindow("ComMotify*, "%, 0, 0, 0, 0, 0, NULL, 0, hIast, O);
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1f (hWad)
{
Ves Setup the WH_COMMNOTI?Y message poating
/" Bet to bs notifimd when two data bytes (bandshake) arrives
7 in port
12(1EnsbleCommNotificntion({g_iPortID, hwnd, i, -1))
{
1 We had an error setting up COMNOTIFY
" Destroy window and zera out hWwnd
DastroyWindow(h¥nd) ;
hWad w NULL;
}
}
return{k¥nd},

} /7 XD OF InitNotifywindow()

BOOL SandComStr(LESTR axString)

{

char FAR vlpsaStringPtr;
UINT nRat;

1paIStringPtr = (char FAR *)NULL)
lpssstringstr = GlobalAllocPrr(GPTR. latxlen{szString) + 13;
Af(1psaStringPtr m= (char FAX *)NULL)
ratuzn (PALSE}

_fmemset { {LPSTR)

. 0. lstrlea( + 1),

latrepy (1pexStringPtr, azString);
/7iatrcat(lpsxStringPts, * *}y
net = (UINT) SandMsssage(g_b¥ndNotify, COX_WRITE STRING, (WPARAN) lstrlen(sz3tring),
{LPARAM} lpaxStringPtr});
GlohalPresPtr (1pszStriogPtT}y

return

{nket);

LRESULT WINAPI _export ComWndProc(HWND hwnd, UINT msg, WPARAM wParaw, LPARAK 1Paran)

{

static
atatic
static
static
static

switch

{

BOOL bWriting = FALSE[

TINT nStrlen)

TINT nBytas¥rittan)

BOOL bError;

<har PAR *lpszPtr,

(mag)

Caze WI_TINER:

{

tXrror = TRUR;
briting » PALSE,
Ki11Timar(hWnd, nTimerID),;
break;
} 7/ XD OF WX_TIMEX
cane WM _COMGDNOTIFY:

awitch{LONORD (1Pazazm) )

{

case CN_RRCRIVE:

{
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char 23Byte;
int nRats

aRet = XeadComm(g_iPortID, &szByte, 1)
K411T{mer(hWad, nTimerID),

4¢ (oRet Im 1) )

rror = TRUE;

if(1pszPtr a= NDLL | 1bW¥ritiog}
Taturn (FALSE)

}
if (szByte == 1psaperi0l}
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|) ipszperi0l t= 0)

¥WriteCommig_iPortlD. lpszPtx, 1}»

SetTimer (hwnd, ID_TIXER, 5000, NULL)s

TRUE)

462

if [(+enByteaWrittan ce nStrlen

{
1pRIRET4)
{
}
alze
H

break)

} 7/ XD OF CR_RECIEVE
detault:

return 0j

} 77 awitch(LOWOND {1Pazam)

hxeak;

} /7 oD oF w_cowmOTIFY
case COM _WRITE_STRING:

{

default:

} 7/ switch(asg)

izt

nitrhes » whazas;
uByteswricten = 0)
1psxPtr = (LPSTR} lPaxam;
bWziting = TRUE)
bError s FALSE,
DRt = WriteComm(g _iPortiD, 1pszPtr, 1};
if (oRet 1= 1}
bEFZOr = TRUE)
ATimerID = SatTimar(hénd, ID_TIKER, 5000, NULL),
while (b¥riting}

{

USG msg)

nRet)

nRet =
nTimerID

if (oRat le 1)
bRrror =

b¥riting = PALSE;

if (PaakKeszage{tmag, h¥Mnd, O, 0, PM_RENOVE))

{

}

} 7/ wnile(b¥riting)

Tetura bError;
} // WD DF COM_WRITT_STRING

Translatelessaga {mag) ;
DispatchXepsags (smsg) s

Teturn DefWindawProc(hwnd, msg, wParam. LParam);

return DefMindowPzoc{kMad, msg, wRParam, lPazam))

} /7 1D OF ComxMadrrac ()
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7

aie.c
This module the I td fox ting with the serial 10

Author: John R. Elsay

NOTE: API Function dsscriptions are in SIO.E
./

tifder WINSIO
#include cwindows.h>
#endif

#include *mio.h"

#include *stdlib. h*
#include “stdio.h=
#include "string.hn

#ifdef SIOTEST
extern void i ignad int int Rx, leng data ),
fandif

/***Local Prototypes *eeas/

int OpenPort( int Port, int Rx )y

¥oid ClosePort( int PoxtID ),

int WritePortData( iant PortID, char far *buff, int hytes ),

int ReadBuffer( lat PortID, char far *buff, int bytms ),

{nt ReadPort2lutfer( int Portid );

int ReadPortData{ int PortID, char far *buff, int bytes },
int TranslatasSIOFrror ( int error )i

int CheckDevice( int PortID )

void WaitimSect void ),

int SendHandsbaka( int PoxtID, unsigned int Handsbake, lang Data );
unsigned int GetResponse{ int PortID, iInt wait 1; N

int HandshakeAction( int PortID, wunsigned int =g );

unsigned int CheckKagStart( int PortID, int magsize )

unsigned int CheckNagZnd( int PortID )¢

void RandleCommEvent( int ID ),

void SeadBreak{ int PortlD ),

void ClearPuffers( imt PortlID );

#irdef WINSID

IO InitNotifyWindow( int PortID, cbar *COM, EANDLE bInstance };
iat SetParameters{ char *COoX };

long FPAR PASCAL _export PortWodProc{ MWND h¥nd, UINT =msg,

TVINT wParam, LONG lPaxam ),
BOOL FAR PASCAL PindWindowInst{ EWND h¥nd, DWORD lParam ):
flendif //WINSIO

/e%** Lockl defines v*ev/
#define TIRETRDMAX 3 /* Maximum number of times to resend data from
from Txr
after raceiving a SI0_KSG_COUNT_ERROR */
#define  RESPTIMRODT 50

for

/% Approximate time (in msac) to wait

Tespanse
trom device at other end */

/* serial port configuration paraneters */

#dafine BAUDRATR *3600"

#dezine PARITY L

#dutine DATABITS vas

¥detine STOPEITS b3

/*** 5IO Zandabake mes 8 see/

Jdafine SIO_QUERY DEVICE 0x5502 ad Revr->Txr, check if present ¢/
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4define STO_DEVICK PRRSENT 0x5502 /= TXE-»RCVL, Txr is prasent =/

#dafine I10_XCVR_RRADY 0x5503 /= Reve>Txr, Rovr remdy for data
~

#define STO_MSG_STAIT 0x5504  /+ Txx->Revr, start of date

string + siza */

#define SX0_MSG_EMD 0x5505  /* Txr->Rcyr, end of data string
s

#define SIO_MSG 231G Dx5S07 Vad Revr->Txr, message too big for
bolding buffer =/

#define STO_RCVR_YULI oxss08 /e Revr->Txx, bolding buffer is
full «f

#dagine SIO_WSG_SEND 0x5509  /* Revr->Txx, OX to send dats
atring +/

$define SIC MSG_OK 0x550a  /* Rcvx->Txx, Data received ok ¥/
Bdefine SIO_MSG_COUNT_KRROK 0x5500 /= Revr->Txz, Incorrect byte count in
meanage */

#datane SIO_RCVR_CLOSING ox550c /e Revr->Txr, Rcvr is closing down =/

¥#detine SI0_KSG_ABORT 0x550a VAl
gccurred which

Revr->Txr, A baxdvware erxor

coused the date transaission to be aborted =/
#define SI0_MSC_BAD_SIZK ox5508 /® Revx->Txt, & bad size value (0 or
negativa) was

send with the S8I0_MSG_START bandshake */

/*** Local vaziables #ese/

#ifdef WINSIO

static EANDLE hNotifyWnd [MAX PORTS},

static EANDLE hXainInst = O

fendif f/NINSIO

static unsigned long PortFlags [MAX_PORTS],
mtatic i1 d char [MAX_PORTS] ;
static int HoldingBufferSize [MAX PORTS!;
static int HoldinghufferAvailfize [MAX_PCRTS];
static int MsgCount (MAX PORTS];

atatic {nt MagSize[MAX_PORYS];

acatic int MagSizeRcvd [MAX_PORTS];

<

?
fewrsvensasenswanss SI0 API FURCTIONS 7
z /

int OpenReceiver( int Port )

(
int ID = SYO_ERE UNKNOWN,

I~ Use platform specific calls to open serial port ax a Recaivar port +/
ID » CpenPort( Port, 1 ):

1£( ID >s 0 )

{

int axr = 0

/* Set thae Port typa as & receiver ¢/
PortFlags[Ib] |e PORT_TYPX_RCVR,

/* Allocate memory for transmitter buffar =/
¥oldingWuffer (ID] = (uwnsigned char *}malloc( DATABUFF ),
Ar| !EoldingBuffer([ID] }
wrr = STIO_ZXR_BUFIXR_MEN;

lse
” Set Holding Buffur mize variables */

%ol (zo) = ,
Eo: 1SixelID] = '

UsgSire[ID] « KsgSizeRcvd[ID] w 0,
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1 Vs Check for device prasent v/
ert « CheckDavice( ID )

2 i€t terr )
VAd Tell device that initialization is complete =/
3 err = SendEandsheke( ID, SIO_RCVR_REANY, @ ),
}
4
if ( a2z )
{
5 /% An error occurred aftar the port was cpen; cloma port and
change port id to errax code */
CloseRecaiver( ID };
6 I0 - erxy
}
7 }
xeturn ID;
8 }
9 void CloseReceivar{ iat FortID }
{
10 g ‘Tell davice that racsiver is going away, (if one is thare ) =/
41f( PortPlage[PortID) & PORT_DEVICE PRESENT }
1 SendNandshake{ PoxtlD, SIO_RCVR_CLOSING, 0 )
Vad TUss platform wpacific ¢alls ta close serial port ®/
12 ClosePort( PartId )
3 VAd Dazllccats mamory for raceivar buffsr. if allocated =/
if{ MoldingBuffar([Fortin] }
free( HoldingBuffer(PortID] )}
%
retura,
15

16 iant Openlransmitter| int Port )
{

4nt ID e SIO_ERR_UNKNOWN:

17
rad Tse platform spacific calls to open serial port s a Transmitter port */
1D - OpanPort{ Port, 0 );
18

b 451 3D e 0)
m {
o 19 s Allocate memory for transaitter huffer »/
E ol (D} = char *)malloc{ TXIUFP };
o 20 12( lEalduEglullexlmJ 3
3 Z MME /* Could not allocats mewory, so cloms port and rsturn error id =/

g z
g'/j 3 3§§; 21 CloseTransmittez( ID );

2 SE z ID = SIO_ERR_BUPPER_MEX;
Q 5ooBE 3
Q ExBz= 2
m "’oE
a g HOE nlze
> SEEBlY 23 {
z qE294

.5 Egu: Holdl [ID) = Ho ailSiza[ID] = TRXBOUYF,
Z & Ssé 24 KegSize[ID] = MagSizeRcvd|[ID] = 0;
<= o
E PortPlags{ID] |= PORT TYEX_TXR:
é 25
}

3 26 3

return ID;
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void ClozeTranswittar( ist PortID )

{

rAd Use platform spacific calls to close sarial port ¢/
ClosePort( Portid ),

Vad Desllocate memsry for zaceiver huffer, if allocated */
it! EoldingBuffer{PortIn] )
fraa( EoldingMuffer[PortId} );

Tetarny

int MritePort{ iot PortID, char far *str. int bytes }

int err = 0, retry = 1; /* sat retry to 1 to get through loop first time */
unsigned lat resp;
int Rewr = -1
int tbytes = bytas;
int bytessut = 0;
int RevrBuffer;

/* Sat Revr variable based on port type </
4£( PortStatus{ PortID, PORT_TYPE_RCVR ) )

Revr = 1)
else if( PortStatus{ PortlD, POXT TYPE TXX ] )
rovr = 0
wlae
return SI0_RRR_UNKNOWK, /% Can't figure out port type */

/* Datarmine maxiwux size of data block from buffer aizs */
RevrBuffer = Rovr ? RTINUYF : TIXROPER,

/* Make sure racmiving port is ready bafors trying snything +/
if( tRovr k& FortStatus{ PortID, PORT_REXCRIVER READY ) ||
Rovr k& |PortStatus{ PortiD, PORT_DEVICE PRESENT ) }
err = SIO_ERR_RCVR_KOT_READY)

alse
{
while{ retry )
{
if{ bytes > RcwvrBuffer }
bytas = RevrBuffer)
orr = 0; /® Cleaxr out for each retxy +/

/% Lat othex port know that we want to send data +/
SandEzndshake{ PortID, SIO_MNSG_START, tbytes );

resp « GstResponse{ Portin, 1 );
it{ resp )

if( BandsbakeAction{ PortID, resp ) )
{ /* An unknown bandsbake was passed */
err = SIO XRR_TUNXHOWM)

}

alie
{
switeh( reup )
{
case SIO_RCVR_FULL:
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erz = SXO_ERR_RCVR_FULL;

braak)

case 510_¥5G_2BIG:
err = S10_¥RR MSG_28I0,
break;

caae 510 _MSG_ABORT:
err = SIO_ERR_MSG_ABORT:
break;

case SI0_KSG_PAD_SIZE:
arr « SIO_ERR_BAD_SIZE;

brasak)
}
)
}
alse
(
/* Timeout occurred */
err = SIO_XRR_TIMEOUT;
SendBxeak{ POrtID )i
continues
}
1f¢ larx )
(
while{ bytesent < thytes }
{
orr « WritebortData{ PoxtID, str, bytes );
i2( erxr > 0 )
(
bytesent 4+« arr;
Aty +m mrry /* Increment buffer
pointer */
arr = 0; /* No axrors*/
bytes = thytes - bytssant;
i€( bytes > RevrBuffer |
bytes = RcvrBuffer;
}
wlse i2( err < 0 )
brask; /* Wa got mn erzor, break for handler */
}
4€1 lerr )

{ 7/ Send Ind of Nessage and check rasponae */
SandEandshake( PortID. 8IC XSG BND, D ),

resp = GetRespomsel PoxtID, 1},
iL( xeap )
{
1£( BandshakwAction( PortID, zesp ) )
{ /* an uskuown handsbake vas pasxzed */
arT = SI0_ERR_UNXNOWN;

)
elze

svitch{ resp }

{
case
910 MSG_COUNT_BRROR:
erx =
SIO_XRR_COUNT_ERROR)
break)
cage 81Q_MSG_OK:
breax;
case SIO_MSG_BORT:
err -
SI0_XRR_MSG_RHORT;
braak;
}
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else

/* Timeout occurred =/
err = SIO_NRR_TIMEQUT;
SendArsak( PortId );

cantinve;
¥
H
alae
{/* An error occurred when writing, send a bresk
to clear
the channel */
SandBraak( PartlD ),
} /742 tmry) from first handshake
if¢ err te ST0_NRR_RCVR_YULL || retry >= TXRETRYKAX = 1 |
brazk) /* Bit maximum retries or na reve buffer full
arrors */
TetTy++2
} //vhilel bytasent < tbytes && Tetry }
}

return erx;

int ResdPort| ink PortID, char far *atr, int bytes )

int err = 0

1£{ MsgCount[PorkID} )
{
arr » XeadBuffer{ PortiID, str, bytas };

}

ratorn wrz)

}

ussigned int PextStabus( int PortID, unsignad int rlag )

{

unsigned int status e« PortFlags (PortID];

if( Plag )
status &s Plag,

return stetus;

}

int FortReadQuery( iat PortID )
int eize = 0;

4£( MagCount [PortID] )
{
size « *({int )HoldingBuffer [Portin]),

3

raturn sire

}

- Page 288 -

Docket Nu.: 13217.2



Y

WORKMAN, NYDEGGER & SEELEF

ATTORNEYS AT LAW
1000 EAGLE GATE TOWER
60 EAST SOUTH TEMPLE
SALT LAKE CITY, UTAH 84111

A PROFESSIONAL CORPORATION

10

14

13

16

17

18

19

20

21

22

23

24

25

26

5,640,490
475 476

/ /
J4vusvesossinsresss LOCAL FUNCTIONS /

/ /

/e

ReadPortData

Dasc: Reads date from the specified port

Toput: PortID:Specifies the sexial port to be used. i.a. on a PC, 1 = COM1,

2« COM2, etc.
buff: Pointer to location where data is to be written
bytes: Kaxisum nusber of bytes to write to buffer
Return: Number of bytas read i2 successful, 0 if nothing to read,
otherwise an Brror code {Erxor code ia < 4)
Notes:
«/
ink ReadPortData! int PortID. char far *buff, int bytes )
{
inc err « O
Wifdef WINSIO
COMSTAT Stat;
#andif 7 /¥INSIO

f4s4sitns WINDONS SPECIPIC CODE »nwwwewmmsrss/
#ifdef WIHSIO
err « RaadComm( PortiD, buff, bytes},
if( exzx < 0 )

err = GetCommError( PortlD, &Stat ),
/* Tzanelate sxzor code */

wrr = TraoslateSIOError( err ))

Jandir
feesennee END WINDOWS CODE #avansansassscns/

raturn err;

-~

OpenPort

Dasc: Opens the serial port specified by the caller snd sats up buffers
(42 any)

Input:  PortiSpecifies the serial port to be used, i.e. on & PC, 1 = COMI,

2= CON2, etc.
Return: Port ID if succesaful, Error cods if not {Error code ia <e D)
Hotes:
"/
int openPort( iot Port, imt Rx )

{

int ID = SIO_KRR_UNKNOWN,

* WINDOWS SPECIPIC CODE #*ewad#sateenstorvnrsssssss )
#itdet WIKSIO

{

/* Windows interface to ©om ports */

char Comiane(§) = *COM", PortNum({18];

1£( port > MAX_PORTS || Fort < 1)
return SI0_RRR_PORTNUM;

itoa{ Port, {char #)cPortium ,10 }; /* Convert port numbaer to ascii+/
strcat( ComName, PortNum 1; /* Create correct com port name */

/*  Open specified port «/
ID = OpenComa( ComNume, Rx? RRXBUPF:TRXRUPF, Rx? RTXRUPFF:TTXBUPF );

1£{ ID < 0 } /* Chack for arzors; if prasant translate ezxoxr code */
IP = TrensleteSIOKczor( 10 )y
else
{
int arr = O
HAMDLE hTaskWod = )
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/* Set amly the port type in the port flags */
Fortrlags(IDl = 0;
Fort¥lags [ID] |= Rx? PORT_TYPE_RCVR : PORT_TYPE_TXR)

/+ Get instance of currest task */
hTaskMod « GetCurrentTask(}:
( X p ¢! Ak, 0 )i
if{ ihMainTnst )
err = SIO_ERR_INSTANCE;

else
{
/" Set up window to receive notification messages */
E y [I0] = InitWotd ID. [0, hMainTast },
4€{ IhWotdfyNad[ID]
err = SIO_XRR _NOTIFY;
else
{
/* Initialize associated flags */
MagCount [ID] = Oy
/% Set to be notified 1f & comm break Or exrox occurs */
SetCommEventXask( I0, XV_BREAK | KV KRR ),
/” Set serial port parsmaters */
err = SetParaseters( sCoxName(0] ),
}
12 | err )
{
/% An arrar occurrsd after the port was open; close port and
change port id to errox code */
ClosePort{ ID };
ID = err;
}
}
#endif //MINSIO
Jesesenenesss XND WINDOWS CODK 7
return ID;
}
s
Closerort
Dasc: Cluses tha serial poxt ¥pecifisd by the caller
Tuputs: PortiDsSpecifias the serial port to be cloaed
Raturn:
Rotug: The Port ID is tha value raturned frem the OpenPort functioa.
*/
void ClosePort( int PortID )
{

Joesseveseess WINDOWS SPECIFIC CODE ¢Aaawavesvawentxnzrrsvonnwy/
#ifdef WINSIO

ClosaComm[ PortID })
1f{ ENotifyMad[Portin) )
Destzoynindow( hNotifymad([PortID) )
#andif  //NIRSIO
/Neenssssenss TN WINDOWS CODT 7

Taturn;

7"
NritePortData
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Desxc: Writes a date to the specifisd port
Yoput: PartID:Spacifiss the serixl part to be written to
bugf: Pointer to a buffer containing the data to be written
bytes: Number of bytea from tha huffer to write
Return:  Wumber of bytes written if succesful, errorid if not (errorid < € )

Notes: The Port ID is the value returned from the OpenPort function.
o/
int WritePortData( ink PoxtID, char far *buff, int bytes )

{

int err = 0, 4,
#ifde2 WIN3IO
COMSTAT Stat;
NSG Winksg,
$endil

Jaswssssesene WINDONS OPECTFIC CODE eoseteeescttsrausssssstins/
#ifdef WIHSIO
®rr = NriteCooms{ Portll, buff, bytes ),
12( arz < 0}
(
err - GetCamm¥rror( PortlID, &Stat ),
/* Translate arror coda */
orr » TranslateSIOXrror( err },

}
elze
(
/* Wait up until timeout fozr buifer to clesr </
for( i = 0y i < RESPTIMEOUT ; i++ )
{
/% Check for messuge */
Faskiw {{LPNSG) &WinMag, WNotifyMnd[PortID], WM_COMMNOTIFY,
WH_COMMNOTIFY, FM_REMOVE ),
4f{ LONORD (WinMsg.lParam) == CN_TRAMSMIT )
break;
HaitimSec())
}
1£( 4 >« RESPTIMROUT }
arr = SIO_RRR_TIMEOUT; /* Buffer never cleared by timeout /
#endif £/ /NINSTO
/eweseessenns END WINDOWS CODE /
return err;
}
s
ReadButfer
Dasc: Raads data from the port holding buffer into the calling apps butfer
Inpute PortID:Specifies the serial port to read the data from

buff: pointer to the locatiom to write the data to
bytes: Maxinum nusber of bytes to be read
Return: Xumber of bytes read if succesmagul, ¢ if aothing to read,
less than O if an error
Notea: The Port ID is tha value returned from the OpenPort function. This
2hould enly be called if MwgCount(PortID] is gramter than 0.

M4
int ReadBuffer( iat PortID, char far *buff, int byres )
{
iat exrr = 0, &, megsizey
unsigned char *ptr « RoldingBuffer[ PortlDd ],
1t copysize,

magaize « *({unsigned lang *)}ptr+e);
pETes /* Increment paRt massage size */

copysize =~ bytes > msgsize ? msgaire : bytss;
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7" _fawacpy( buff, ptz, copysize );
Can't usa fmescDy becauss it is not ANSI C =/
for{i » 0; 1 < copysizer i++ ) *buffes = *ptres;

482

MagCount [POrtIDI--; /* Ous lews message io the buffer */

/*Adjust available buffar rize after resd +/
1f{ PortStatus( PortlDd, PORT_TYPE_RCVR ) )
EoldingBusferAvailSize(PortID] += copysize + 2

alse

NoldingRufferAvailSize{FortID] = NoldingBuffer$ize[Portip);

/* ¥ove buffer data down if other messages present or if wa Rave
raceived s partial message */
|| MsgsizeRevd(Portin] )

1f{ MsgCount [PortID]

{

Pt +» copysize;
msgaize = MoldingBufferdize[Portin) -

BaldingBuffexkvailSize [PortID] ;

/* Move other msssages down in the buffer »/
memmove( EoldingBuffer( PortID ]. ptr, msgaize );

}
return err;
3

I

ReadPortimutier

Dasc: Reade data from the port revx buffer snd pleces it in bolding buffer
42 it is = dutm messaga, ox acts on it if it is a bandshake

Input: RortID:Specifies the zerial port to read the data from

Return;  Number of bytes raad if successful, 0 if nothing to read,
less than © if mo exvor
Motes: The Port ID is the valus from t

~/

int ReadPort2Beffec( int PortID ]

{

int exx = Q)

int bytesleft « 0,
= Eoldi

int

he Op

[PortID] - Xo! 184ze[PortIn];

/* Yigure out how many bytes we should axpect for this nessage */
Dytesleft « MsgSize[PortIN] - MagSizeRcvd[POXtID];

if{ bytesleft )

{

/* ¥e nasd to grab scme data */
/% If wa bhaven't recmived sny data yst, we need £o save spaca for size =/
int sizespc « MsySizaRcvd[PoxtID) ? @ : 2;

ifl wizempc )

*(( int #){

[PoxtIn] +

4Ir = RexdPortData{ PoxtID,

buifoffset + sizeapc),

12( exx > 0 )
{ /* This peans wa read something, err = number of Dbytes rasd

XsgSizeRcvd{PortIb]

/* Reduce available

}) = MsgEiza[PortIp],

(EoldingBuffer [FortID) +

byteslett ),

+u oTr;

aire of buffer by number of bytez rsad =/

HoldingBufferAvailSiza{PortID] -« err + sizespc

if{ MsgSize[PortXp]

g
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PortPlags[PortID] &= -PORT MSG_DATA_IN;

KsgCount [PortId} e+ /*

We gat another message in the

hutter 4/
}
}
alsa 1f{ arr < 0 )
{
/* durp masssga, raset varisbles and flags, send an abort message */
PortFlags [FortID] tm -PORT _MSC DATA_IN, /* out of transmit mode */
PortPlags [POzbIDB] &= -PORT_MSG_DATA_OOT;
HoldingdufferAvailSiza[PoxrtID] += MagSizeRcvd(PortID];
NagSiza[PortID] = MagSizeRcvalPortiID] « 0
CleazBuffors{ PortId ), /® Plush txxr & rxr buffurs */
SendHandshake( PortID., SIO_KBG_ABORT, 0 );
/% Remet port notification */
while( iEnableComsNotification( PortID, ANotifyMnd[PortID), 2. 1) );
}
}
Teturn err;
3}

I

TranslateSIORrror

Dasc: Translates & platform specific error mesesge to a cemmsn SI0 error

masasge

Input: ®rrorID; A platform specific error cods

Return:  Translated error code

Notes:

-/

int TranwlateSIORxxor { iat ezror }

{

int Err = SIO_XRR_UNKNOMN;

awitch( srxor )

Jrmevene

#ifdef WINSIO

#endif

break;

break;

break;

break,

brask;

bresk;

Ddreaks

break;
//MI¥SIO

Irennwn

{

case

cane

case

case

cane

case

we% WINDOWS SPXCIFIC CODE

* END WMINDONS CODE

IX_3ADID:
Exr = $I0_RRR_BADID;

IE_BATORATE:
Err = SIO_ERR_BAUDRATE;

IR_BYTESIZE:
Exzr = SYO_ERR_BYTESIZE,

IE_DEFAULT:
Err = SI0_ERR_DEPAULT:

IE_ARDMARE:
Exr = §I0_ERR_HARDWARE:

TE_MEMORY :
ErT « SIO ERR_MENORY;

IX_NOPRM:
EIT = §I0_BRR _NOPEN)

IX_OPRN:
Erx = HIO_ERR_OPEN,
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default;
fenuseenenser WINDONS SPECIFIC CODR ’

#itdef WIRSIO

#sndir

12( rr & CE_MODX }
{
Err » 410_XRR_CE_MODX,
break;

1£( Rrx & CE_YRAME )
{ .
Krr = 5I0_ERR_CE_FRAXE;
break;

if{ Rrr & CE_RXSARITY }
{
Err = SIO_ERX_CE_RXPARITY)
braax;

if( Brr & CE_BRRAE )

Err - ST0_RIR_CT_SREAT,
breaks

i£{ Xrr & CE_OVERROUN }
{
Krr = SIO_XRR_CT_OVERRUN;
braak;

12{ Brr & CE_RXOVERL )
{
Xrr = SIO_ERR CE_RXOVER;
break;

if{ Xrx & CE_TXFULL)

Err » SIO_EER_CE TIFULL;
break;
)
//wTHSIO
fresesveseses END WIRDOWS CODE /
hreak)

return EBrry

i

EendshakeAction

Desc:

Input:

Return:
MNotes:

-/

the from the port and then rexponds
appropriately.
PortIDiSpecifies the serial port
mag: Poigter to the handshake mexraga
0 if it handied handsbsks, non xeroc if not
The Port ID is the value returned from the OpenFort function.

int Mucdshakedction( int PorktID, unsigned int meg }

{

int arr s O;

#1ifdef II0TRST

#endif

long date « 0;

/= e should only be getting hacdshakes 1f we are not transmitting data.
If the MzgSizeRcyd varizble is nmenm zerc and we come here, then tha
msg variable must be the first data received after the data has
besn sant, Therefors, in this condition. if the msg vaciable is
anytbing other than $I0_MSG KWD, than we bave a data overrun or acme
othar error condition with the data transmission */

if{ MsgSizeRcvd[PortID] && msg I SIO MSG_XND }
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{

/% Set ¥sgSizaRcvd(PortiD) > MsgSizeRcvd{PortID) so that
CheckEndMsg will raturn arror and provide proper handling.
Sat msg to SIO_MSG_EMD to get handling */

KagSizeXcvd([PortID] e KsgfizeRcvd[PortID] + 2,

Bmag - SIO_MSG_END)

switch( sag )

{

ceas 5I0_QUERY DEVICK:
{
SendHandshake{ PortID, SYO_DEVICE_PRESENT, 0 ),
break;
}
cise 510 _DIVICE PRESENT:

{

POrt¥lags [PoxtID] {mw PORT_DEVICE PRESENT;

break,

)

case SIO RCVR_RKADY:

{

PortFlags [PortID) |« PORT_RECKIVER_READY:

break;

cuse §I0_RCVR_CLOSING:

{

PortFlags [PortID) &e ~PORT_RECIIVER READY;

brask;

}
case 5I0 MSG_START:
{
unsigned int responsa;
int size « 0, tempsize = O, bytesresd = 0, bytesleft = 2,

/* Rend ths zize of the dats froa the poxt */

by
to come

ia cne ar
.

byte */

plocas */

#ifdef SIDTEST

Handif

while{ bytesread < 2 ) .
{ /* Thias code ensures we gat the correct size data

waiting for the mext two bytes of dats
across the port. The two bytes may come

many reads of the port+/

Tytas. d += ReadPortData( PortID, {char *)asize, bytesleft
12( bytesread == 1 &6 Itempsize |
{ /% Come bere one time after we read coe
byteslefte~)

tempsize = pize;
Bizm » 0;

4£( cemprize && byt
{ /% Come bera if we got the size in two

size = (size << 8) + tempaize)

}

data = (long)size;
if( aize > D )

Temponss « ChackNsgStart( PartID, size )
{ PortIn, L]
7 WINDOME corx 74
nifdet WINSIO

12( reaponse v SIC MSG_SEND )
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EnableCommotification( PortIn,
bNotifyWnd{PortID}, 1, 1),

#endiz  //wINSIO

/eeesasvieses BUD WINDOWS CODE /

}

alse
{
/* We received w bad size for the message- tell sender ¢/
Sead¥andshake{ PortID, SIO_MSG_BAD_SIZE, 0 ),

}
break;

caze SIO_MSG_2MIG
case SI0_RCVR_FULL:
case SIO_MSG_DAD_SIZE:

break; /* Callexr should return error coda */
caxe SIO_MSG_SEND:
{
PortFlags[PortId} |= PORT_KSG_DATA_OUT,
bresk;

}
cmsa SIO_MSO_ANORT:
{
Af( PortStatus{ PortID, PORT M3G_DATA_IN } )
/* Reset the Holding buffer +/

Hold 13ize (PortID] +m
Port¥lags [PortiD} &= ~PORT_MSG_DATA_OUI;
POrtFlags [PortI0} &e ~PORT_MSG_DATA_IN;
MaggizuRcvd (PortiD] e WsgSixa(PoxtID]! = 0;
ClaarBuffara( PortId ),

/% Resat port notification »/

[PoxtlID];

while! IZoableComedotification{ PoxtID, hNotifyWnd{PortID}, 2, 1) );

break:

case SI0_KSG_KND:

{

dnt - PortID })

/* Return on

SendHand: RoxtID, 0,
Jesvessannnas NINDONS SPECIFIC CODE #esvrvesacwwsvsvesranaanave/

#ifdef ¥IMN3IO

/* Change notify size back to a hwndashake */

EnableComsNotification( PortID, hNatdfyWnd(PozklD], 2, 1);

Sendit //MINSIO
/vavaveserar YUD NINDOWS CODE /
break;
}
case SIO_KSG_COONT_ERROR:
/% Caller should return error code */

case SIO_MSG_OK:
break;

defanlt:

orr = 1; /* Dida°t recoguize handsbake */

#itdef SIOTRST
SetEandshakeVar ( msg, 1, data )

fendif
return ersy
}
I+
ChackDevice
Dascs Sends a message fxom tha Rcvr and then lcoks for a repscass
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Input: PortID:Specifies the serial port to check foxr device comaection
Rakura: O ia auccessful, srror id if not
Nokes: The Port ID is the valua raturned from the OpenPort function.
*/
dnt Checkbavicel int PortiD }

int err = 0, i)

/* Quary for devicas on other and of port */

err = SandHandshake{ PortID. SIO_QUERY_DEVICE, 0 )

1£( laxz )

{
1 d ist aky o { PortIn, 1),

1f( imsg || Handshakekction( PortIh, msg
/* Time out occurred or unknown handshake */
exx = STO_ERR_MODRVICE)

}
return err;
}
I
GetResponse
Dasc: Polls the port imput for a handshake zesponse

with the given timecut pariod

1)

Input: PortID:Specifies the serial port to check for device connection
wait: Indicates if function should loop up until timeout waiting for

a responss.

Return:  Returns ir 1, 0 if timsout or arror.
Motes: The Fort ID is tha value from tha Op .
“f
unsigned int GetResponse( int PortID, int weik )

{

unsigned int msg;

int bytesread e 0, bytesleft = 2
int erz = 0;
char butf(2] = **;
unsigned long i)

/* Look for response from davice bafora timesut pariod */

for{ i = 0; 1 < RESPTIMEOUT; i++ )

{
butf(1] = 0;

err = ReadPortData{ PoxrtlD, {buff 4 bytesread}, bytesleft )

32( texz & Lwair )

braak) /* There was nothing to read and we'‘re not suppased to

if( exx < 0 )
break;

bytesread +e oxr;
if( bytaszread se 2 )

{
421 bugf(i] == Dx55 )

wait around so break out*/

brauk; /* ¥Ws raceived soma zort of haudshake message ¢/

/* If va got hare wa might be
buf£{0) ~ buff(l)y
bytescusd--1

bytesleft = 1,
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continuey

®lyw iZ{ bytesrend »a 1 && bytesleft w= 2 )
{
dyteslaft--;
continue;

Waitlasec!);

}

1£( i »= RESPTIMEOUT (| err < 0 || 1bueelo]l
ngg = 04
elsa
®sg = (uosigoed int)buff0] + ({vasigned int )buff(i] << 83,

Teturs asg:

}
I3
SandKandshake
Desc: Sends the spacified handshaks measage to the apecified part
Input: FortID:Specifies ths sarial port to chack for device comnection

Eandshake: One of the valid handshaXe messages defined in SI0.R
Data: Any optional dats thbat may accompany the meseage
Return: 0 i2 successful, error id if not
Notes: The Port ID is tha valua rsturned from ths OpanPort fumction.

~f
iot JendBandshake( iat PortID, unsigned iot Kandshake, loag Data )
{
int erx, size = 2;
ehar buf (61,
void *ptr = Shuf2[0);

*( int *)ptr = Mandshake;
ptr » Ebuf£(2]s

1£( pata }
{
if( Mandshake == SIO_NSG_START )
{ /* Eandahake with an int for data +/
*(imt *)ptr = Data)
size » 4;
}
ealse
{
*(long *)ptx = Date;
size = §;
}

/* Send Xandshaks message */
®rT o WritePortData{ PorkID, buff, size };

if( err > D)
{
exr = 0: /* Ho arrors */
#itdet SIOTEST
SetNandshekeVar ( Handshake, 0, Data );

#enais
}
Tetuxn erx;
}
7
ChackMagStart
Desc: Chack tha currant status to to start
and sat appropriate port atatus flzgs
Isput: PortID:Spacifiex tha serial port to chack for device conmection
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#agaiza: size of data to be transmitted
Return:  SIO MSC SEND if ok to start transmimion
5I0_M5G_2BIG if messags won't £it in holaing huffer

SIO_RCVR_PULL 1f holding buffer is too big to hold message
D for wn unknown state

from the Op:

unsigoed int ChackMsgStart{ int PortID, iot nsgsize )

{

unsigaad int respons

asgrize +e 2;

= 0, Xevr = PortStatus( PortID, PORT_TYPK_RCVR |,
int buffsixs, buffavail,
void *tapptr,

/* Save xvom for duta size info */

/% If it is a Xeceivar. chack holding buffer &/

12 Revr )

(

buffsize = MoldingBufferSize(PoxtIDl;
buffavail « BoldingBufferAvailSige [Portin];

alze if { PortStatus{ PortID, PORT_TYPE_TXR ) )
/% Set to transmittar's buffer sizes »/
buffsixe = buffavail = TRIZDYZ;

/* If we got here, 1t means we are in some nnknown state and don't

}
{
¥
else
{
ratura O;

know 1f we ars a raceiver or A tranmmitter ¢/

/% We can send if the messege 3ize iz less than the available sizm if

e 8I8 & Tecalver port or i3 we don't have a message in the Txr
holding buffer */
Aif{ msgaize <= buffavail &% { Revr || INsgCount [PortID} } )
response = EIO_N5G_SKND;

else

acconodats data */

I

alse

If the maszuge size

is bigger than buffsr max or

Ve can't expand buffer big enough for it, send the tao big messags */
if{ magsize > DATABUFFMAX || ( IRcvr &k msgsize > buffsize ) )
response = SIO_MSG_2B1G)

{

if( magaize > buffsiza )
{ /* we should cnly get bare if we ars a receiver +/

/% See 1¢ we can incrense holding buffer to

if { !(toppty =

HoldingBuffer [PortID] , magsize 11}

buffar space */

elze

(PoxtID} =

(unsigned char *)realloc(
Tesponse = SI0_MSC_2BIG; /* can't get the

{
iot diff « msgsize - buffsize;

/* Reset pointer+/
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buffavail = maldingBufferAvailSize[PortID)
}

}

if( ixesponse }

{

if{ magaiza > buffavail )
Tesponse = SI0_XCVR_FULL,

alse

Tesponsa ~ 910 _MSG_SEND;

1f{ response »a SIO S5G_SBMD 3
{ /~ Set up some flags and variables =/
Port¥lage[PortID] = PORT_MSG_DATA_IN;

NsgSire[PartID] = magsize - 2: /* Take away the two addded bato:
}
Ieturn response;
}
7
CheckMagEad
Dexc: Check the current status to determine response to maw
Input: PortIDiSpacifias Ehe ssrial port to chack for device <connection
Return:  SI0 NSG _OK if message was received ok
SI0_KSG _COUNI_ERROX if messzzge count was incorrect
Notas: The Port ID is the value 2roa the Op i
-/
unxignad int CheckMagkod( iat PortID }
unpigned ist respomse e SI0_MSG_OK;
Af( XzgSize[PortlD] 1= MagSizeRevd(PortID] )
reaponse « SIO_MSG_COUMT_ERWOR,
/* Clean up meseaga with srror comdition -/
MsgCount [PortID) -«; /% This last meszxge 18 being removed +/
HoldingBufferAvailSize (PortID]l += NegEiza[PoxtlID) ;
}
/* Resat variables and flag for naxt »esnage */
MagsSize[PortID] = MsgSizeRcvd[Portid] = 0)
Portrlags {PortID] ke ~FORT_MSG_DATA_IN;
Taturn rasponse;
}
I*
SendBreak
Desc: Seads a bhrsak to the channel because scme error has occurred
Input: PortID:Specifiss the serisl port to send the break to
Return:  xome
Notes: The Port ID {s the value returned from tha OpanPart function.
./

vold SendBreak( iot YortIp )

uasigned int msy;

POrt¥lags (PortiD) iw -PORT_XSC DATA_IN;

Portrlags (PortID] &~ ~PORT_MSC_DATA_OUT;
RoldingWufferAvailSize [PortID] +a MagSizeRevd[PortiD),
MsgSizexcvd {POrtID] = KagSise(PortID] « o,
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[oene

#1fdaf WDISTO
ClesaxBuffars{ PortID };
SetCommBraak{ PortlID };
ClearCombrenk{ PortIDd );

WINDONS SPECIFIC CODE semmessvsnsnnnnsarevecsare/

/* Resat port notificatiocn %/
while! !EnableComsNotification{ PortID, hNotifyMnd(Portin), 2, 1} },

#andir //wINSIO

/veveasssices D WINDONE CODE /
Taturn;
}

/o

CluarButtecs

Dasc: Clears the ports buffers

Taput: PortiD:Specifiea the serial port to send the break to
Return: none
Notuz: The Pozt ID iz the value returned Zrcm the OpenPort function.

*/
void ClearBuffers( int Portip )

[4%suvevatUTe UIUDONS SPECIFIC CODE sasamsveusonasasassnnvonses)
#itdef WINSIO
FlushComm{ PortiD, © }; rad Flush txr %/
FlushComn{ PortID, 1 ); ad Flush zevr =/
Hendif //WINSIO
J#wseearecses FND WINDOWS CODE ’
Taturn,
}
I~
WaitimSec
Dexc: Creatws an approximate 1 - 2 mSec delay
Toput: aone
Return: none
Noten:
./
void WaitinSec( void }
{
1 /% 11111 Teeporary implementation 11131111111 */
/" - USE SOME TYPE OF PLATFORM SPECITIC TIMKR FUNCTION FILIIINIIL »/
I int i, §, waitl a 1000, waitz = 50,
14
1/ for(i = 0y 4 < wadtly i++ }
I for{ J » 0; 3 < wair2y jes 3
I WINDOWS COoDE 7

#ifdef WINSIO
DMORD stime = GetCuzrrentTime();
DWORD dtime = stimay

while( dtine == wtiza )
dtine = GetlurrentTime(},

stime = Atime;

while{ dtixe == atime )
dtime = GetCurrentTima{))
#endit //mmisTO
Jevweveersunnn gUD WINDOWS CODT /
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}
/ /
/*%** Windows apecific functions +e+es/
/ /
#12daL WINSIO
.
InitMotiZyWindow
Desci Initializes window for g W Y
Ioput: PortID:Specifies the sarial port to racaive Reasages from

COM: The ASCIT pame of the com pore
hInstacce: The ingtance handle of tha application
Return:  Handle to a window if successful, NULL if not

Notes: The Fort ID is the value returned from the OpenPort function.
i
EWND InitWotifyWindew( iat PortIR, char +COK, HANDLX hIastance b

{

HWND hwad = NULL;
MHDCLASS smdcless,

™~ Dafine window class and giva 1t com port name */
wndclass.styls = 0;

wndcla - )

wodclass. chClsExtra « 0;

WRAClRss.chMndExtra = 2;
wndclass.bInstance = hinstance;
wndclass.hIcon m NOLL;
JhCursor = WULL;
-hbrBackground = NDLL;
«lpsadenulame = NULLj
wndclass.lpszClaasHane = COX)

RegisterClass( wadclass );

rAd Creata window »/
b¥nd = CreateWindow( COK, **, 0, 0, 0, 0, 0, 0. D, hInstance, 0 };

i2( md )
{

A Store Port ID in window */
SetWindowNord( hwnd, 0, FoxtID §,

Iad Setup the M¥_COMMNOTIFY message posting

Set to ba notified when two data bytes (handsbake) arrives

in port =/
if( IXnableComsiotitication( PoxtiD, hwad, 2, 1} )
{
IAd We had an error setting up COMGIOTIFY
Destroy window and zero out hnd 7
DastroyMindow( huna |

bwnd = NULL,
}
}
Teturn hWnd;
}

0
Setfazametars
Desc: Sets the merisl port parameters such as baud Tate, stop bita ete.

Ioput: CoM: mtying specifying the port to use (i.a. homin)
Return; € 12 xuccessful, windows error code Lf not

Notes: Tha Port ID i tha valus Teturnsd from the OpenPort functiom.
-/
int SetParematers{ cher *COM }

{

int err = Oy
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char buffex[25];
DCB dcb;

sprintf (buffer, "Xs:%s,%s,%s,%s",CON, BAUDRATR, PARYTY, DATABITS, STOPRITS })
err = BuildComanCe( buffar, &dcb ),
i2¢ terr )

Iz = SatComestate{ kdchb };

return erT)

}
long PAR PASCAL _export PortWndProc( HWND hWad, UINT =meg,

DINT wPazam, LONG 1Pazam )

{
1£( mag we WN_COMMNOTIFY |
{
/% PortID is stored in window instance </
{nt PortID = GetWindowWord( had, 0 );
switeh( LOWORD( lParam } )
{
case CN_RECEIVE:
12£( PortStatus( PortID, PORT_MSG_DATA_IN } )
/" We're in the process of reading dats
*/
while { PortStatus( FortID, PORT_XSG_DATA IN } &k
Readrort2Buffer{ PoxtID } > ¢
1
/® I2 we just got done reading the message, chack
fox
SIO_KSC_K¥D handahake */
if( tPortStatus( Portin, PORT_MSG DATA_IN ) }
{
int' nsg = ( Pozerp,
1)
it ( xwg )
EsadshakeAction( PortID, mag
Vs
}
}
elase
{
4 ist msg = ( BoxtiD, 0 );
it ( aag )
HandshaksAction( PortIn, mag );
}
break;
case CN_EVENT:
{
EandleComukvent | PortIDd ),
braak;
}
}
return 0)
}
elaa
return DefWindowPrac( hMad, mag, wParam, lParam bF
}

void RandleCommEvent! int PortID )

unsignad int weg;
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COUSTAT Stat;

/* Find out what the avent was and clear it */
mig = GetCommEventMask( PortID, XV_ERR | XV_BREAK ),

/* Clear tha svest */
GetCommError( PortID, &Stat );

il mag }
{

/* We'zre haze becauss a bresk or other error accurred */

CleaxBuffers( PaxtID }j /% Flush txr & Txr buffers */

1£( PortStatus( PoxtID, PORT_HSG_DATA_IN ) )
{
Port¥lage [Fortin] &= -PORT MIG_DATA_IN;

/* Tell the transmitting port that we hava aborted v/
SandMandshake { Portit, SI0_HSG _ABORT, 0 ))

/* Resat the Nolding buffer «/
1 118ize[PortID] ia [PortIn),

wlse if{ PortStatus( PortiD, PORT_NSG_DATA_OUT } }
{

Portylags[FortID] & -PORT_MSG_DATA_OBT,

/* If wa received an error, while transaiteing, send 2 breax
to the raceiving port &/

SendBreak{ PortiD ),

}

/* Clear thaze variables regardiess of the PORT_MSG_DATA_IR\CGT flag
since they could still have a value */
MygSizekcvd [PortID] ~ MagSizel[PortID] - 0,

/* Reset port notification */
while( IEzableCommiotification( PortID, hNotifywndlPortin), 2, 1) },

/v
Callback function for EnumTaskWindows

-/

#pragua argsused

BOOL FAR PASCAL FindWindowInet{ NMND hWnd, DMORD lParas )

KWWD hParent, hPravParwnt = bWnd;

waile( hParent )
{
hParent = GetParent[ bPrevPazent );
if{ hParant )
bPravParent = hPexant
}
hMainInst + GUY_E: 7]
return 1;

~

[ITUIE 4/ WIKSIO
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/*C_MEADER_FILE'
2553
nesc
TARS
omaR

i

arainit.c

Initialization and Cleasup routines for the Sound Recognition Engine

3
Brent Hale

DATE CREATED: 27 Oct 1934

Copyright Synargetics 1933, 1994

Warning Confidential Matarial
Property of Syaergstica

Copyright 1333, 1594 All Rights Resurved

SYROPSIS: Initializes things on the 68030 side.

#ic:lude “synergy.h®
#icclude “srengine.h™
kioclude “errors.h”
#include "bach.h*
#include “cowpress.h®
#iaclude “evaltd.n*

4

Global Data /

GLOBAL struct HIGGIKS *pSREHLizt = (struct HIGGINS =)0,

GLOBAL void (*srelventXandler}| atruct HIGCINS *, struct XIGGINS * } = 0;

/ |_KEADER
NAME: wralnitialize

DESC: Initislize the Sound Recognition Engine
In: Dcne

©UT: none

RETURN: ALL_OK on success.

HOTES :

acn-zero on failura,

“ND_EXADKR

7

iot srelnitialixe( void {*pEventEandler}| struct HIGGIRS *, struct XIGOINS = ))

/% Keep a pointer to the svent handler */

lers

7% Create the EIGGINS doublely linked list; we'll reusa it for
each chunk of dats in Q. *s

ir iat(

GpSREHList ) 1= ALL_OK) {

return 1;

/¢ Initimlize the Compri

Phonea () memory v/

InitialixeCompressPhones();

return ALL_OK;

}

/ _HEADER:

NAME szsCleanllp

DESC: Clman up any memory issusg in the Sonnd Recogmition Engine
™ none

00T: none

RETURN:  none

MOTES:

*EXD_HEADER'
void sreCleanUp( void 3
€

FreeRigginslist( pSREELLst 3,
ClernUpCompressPhones () )

PSREEList « {struct MIGQINS *}0,
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FILE 1 arengine.c

DESC : Routins used to {nterface with the Sound Recognition Hagine.
TABS 3

OMER : Brant Bale

DATR CREATED: 27 Qct 1994

Copyright Synsrgetics 1993, 1594

Warning Contidential Material
Property of Synergatics

Copyright 19%3, 1994 All Rights Reserved

SYNOPSIS: This code will be on the 68030

dinclude

¥include
tinclude
tinclude
tiaciude

xengiae. h*

"fixtrack.h?®
~pmi.he
"avaluate.h*
“compress . bt
“errors.h*

/*FOWCTION HEADERe*<ssnws

AR
nESC:
In:

0UT:
RETURN:

HOTES:

iggins

*pltiggins - ptr to the higgins list ta pruce
depMaxAmpl - the MaxAnpl calculated on the DSP.

ALL_OK - en success
error & - on failuxe.

This code will ba on the §2030 and is wbat needs to happen
cace we get the information frum the DSP.

sane /

int sreProcessHiggins( struct AIGQINS *pHigging, int dspMaxiapl }

{

atruck NIQGINS *pNewlist)

/* $mooth the formant tracks {bins), delete extraneous
frequencies and £{11 in any holes <*/
FixTrack( pKiggins ),

/* ¥ind the Poiats of max intelligence from the formants ko
indicate aress for xound recognition. */
Intalligenca ( N

/* Match poiata of maximm istwlligence with sounds. v/
Xvaluvata( pHiggina, dspMaximpl ),

/* Combine any possible phon's into phonemes */
PNewList = CospressPhones( pXigginy )

/ passy the higgics 1ist to acmecns who cares. /
sreRventBandler({ pNewlist, pEiggina ),

return ALL_OK;
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/+C_HEADER_PILE
PILE

SYHOPELS:

i stdrds.c

: Standarde Data
s 4

+ Bremt Hale

Copyright Synergetics 1993, 1994
Warning Confidential Material

Property af Synezgetics
Copyrigbt 1993, 1354 All Rights Resarved

*END_HEADER
#include “atdrds.h*

/" i{be regrsasion eguations constants for Formants 1,2,3 whera

¥iw m*

P200 = ¥i + m{200 - Fo)

Pagcii  BL B2

Fol + b

B3

Fozaant fraquency as & fuacticm of Fo
Formant fraquancy normalizad to ¥o = 200

ML 2 3 e/

/¢ PormantPormulaConstant - Linear va Linear */

/* Formulas used to create the standards for the Voiced Fricetives +/
FORMNULA VeicedFricYormulasi) = {

/v Pameil n B2 B3 u
n2 3 */
Iz */
{ 58, {160.61, 1069.33, 1885.17}, {0.7726, 2.211,  4.020}},
{ so, {150.61, 1169.83, 2085.17}, {0.9726, 3.211, 3.720}},
{ a2, {170.61, 1009.83, 1385.17}, {0.5726, 1.s11,  3.,920}},
{ s6. {140.61, 1263.33, 1735.17}. {0.8726, 2.311,  4.420}},
{0, {180.61, 1199.83, 1955.17}, {v.6726, 2.611,  4.220}},
b
EARNOMIC_FORNULA VoicedRarFricrormulas(] = {
/% Pascid ./
foemmmeemans ./
{ 58,
’° b - =/
SO mmmm e /
{{ o.0, e.0, }.
{ 0.0, 0.0, 3.
{ 0.0, 0.0, Y
{ 0.0, 0.9, }.
{ 0.0, 0.0, }.
{ 0.0, 0.0, }.
{ 0.0, 0.0, }e
{ 0.0, 6.0, 3.
{ 0.9, 0.0, }.
{ 0.0, 0.0, Y
{ 0.0, q.0, 3.
{ 0.0, 0.0, 3
{ 0.0, 0.0, Y
{ 0.0, a.0, 3
{ 0.0, c.0, ).
{ 0.0, 0.9, N
{ eo,
g b ES =/
IARD T -~/
{{ o.o, 0.0, 3.
{ 0.0, 0.0, 3.
{ 0.0, ¢.c, Y.
{ 9.0, 0.0, ¥
{ 0.0, 0.0, 3
{ a.a, 0.0, 3.
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End of list ¢/
{ o,

ooveocooasnssnnoo
°®
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b
STANDARD VoicedPricstal) = {
/v pasciiy pattern  */
*/
0, 0, 0, O, 7+ Fraquencies will
0, 0. 0. 0. 1}, /% Amplitudey are
berd-coded hera */
{ s0,
{0, 0 0 0 0,0 0,0 0 0 0,0 0 0 0 C /% Prequencies will
go bere. */
e, 0,0, 0,0, 0, 0, 0, 0, 0, 0, O, 0, 0, 0, O, }}. /* Amplitudes are
hard-coded herae */
{ 82,
{o 0 0 0 0. 0,0 0,0 4 ¢ 0,0, 0,9 0 #* Frequencier wil)
go here. =/
0, 0,0, 0,0,0 0 0,0, 0,0 0 0,0, 0 0, }}, /* Amplitudes are
hara-coded herm *f
( ss,
{0, 0, 0, 0 0 0, 0000 0 0 0 0, 4 D, /* ¥reguencias will
go hare. */
0, 0,0, 0,0 0,0 0, 0,0, 0,0 0,0, ¢ 0 }} /v Amplitudes are
hard-coded hara */
{o
{0, 0,0 0,0 0,0 0,0, D0, 0,0, 0, 0 8, 0 /= rrequencies will
go here. */
0, 0, 0, 6, 0, 0. 0, 0. 0, 0, 0, O, O, 0, 0, O, }}, /* Axplitudan are
bard-coded here ¢/
1
f* formulas used to create the standards for other Voiced Phon‘a ¢/
FORMULA VoicedOtherFormulesl]l = {
/* Pascii L 2 B3 u1
a2 3 /
” .- -+t
{1 {315.009, 3112.74, -387.143}, {-0.045,
~2.46722, 22.8058}}.
{3 {294.9%, 1353.82, 2034.65},
{0.987, 5.131, 4,864},
{s. {179.21, 1293.11, 2389 .94},
{1.502, 5.264, 2.573}),
. {7 {¢03.27, 1458.76, 2034.53},
{1.428, 3.731, 4.985}}),
{s. {810.342, 2371.93, 2007.90},
{-0.161121, -5.14041, 2,83241}},
{ 14, {466.31, 922.03, 2079.02),
{1.681, 3.383, 4.136}},
{ 17, {261.297, 1119.82, 2670.54},
{o.701667, 0,845087, 0.410583}},
. { 13, {341.47, 94B.5%, 1665.52},
{0.830, 3.867, 5.004}},
{ 21, (442,702, 822.747. 2402,59),
{-0.33241, -0.718643, -0.80881)),
{ 22, {438.22, 811.98, 2475.73}, {0.2608,
0.5000,  1.704}}.
{ 23, {431.22, 811.98, 2475.73}, {o0.2806,
0.5000, 1.704}},
{ 2¢. {709.628, 112¢.31, 2371.97}, {0.410212,
0.339828, 3.10956}},
{29, {314.23, 977.42. 1174.83}, {1.113.
3.731, 4.428}},
{ 3, {435.111, 656.758, 2206.82), {-0.277778,
-0.334204, -2.43432)),
{ 33, {211.21, 462.8%0, 21B3.43}, {0.4859,
s.110, 1.323}}.
{ 38, {311.21. 591.80, 2183.43), {0.4359,

2.854,  1.93213}},
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2475.73}, {0.2606,
2475.73). {v.2605,

0.0},
0.0, 6.0}}.

)2
h
3

3
12

{ so, {431.22, 811,498,
0.5000,  1.704}},
{9 {s31.22, 411.98,
0.5000, 1.704)}.
{ o, {0.0, 6.0,
{0.0,
h
/% Yormulas used to creste the standsrds for other Voiced Phon's */
_FORMULA Vol 1az0) = {
{1
/* b
LU -/
{{ 23.925. 0.0639,
{ 43.1006, 0.216964, },
{ 54.5453, 0.1132,
{ €0.7934, 0.111918, ),
{ s2.70932, o.0829,
{ €¢.9045 0.105248, },
{ ¢2.9042 0.101189, },
{ 70.3394, 0.202078, }.
{ 713.2657, 0,103871, }.
{ 76.6s42, 0.109661, },
{ 72.368, 0.105548, },
{ 0.0, 0.0, 3.
{ 0.0 2.0, }.
{ 0.0, 0.0, }.
{ o.0, 0.0, )N
{3
~ >
[Aemmvenccnicmcaceaiinna .y
{{ 31,0313, 0.0948,
{ 37.6375, 0.0787,
{ s4.302¢, 0.115936, }.
{ s9.802, 0.103487, ).
{ 61.0420, 0.087235,
{ 67.4577, 0.107712, }.
{ s9.8282, 0.106478, ).
{ 71.3363, 0.104027, ).
{ 74.3275, 0.105246. },
{ 75.5143, 0.102906, },
{ 79.3344. 0.10666%, },
{ 0,0, 0.q, }.
{ 0.0, 0.0, },
{ 0.0 0.0, ).
{ 0.0 0.0, 13
{7
Fad b
e R EE b ~/
{{ 35.8081, 0.117513,
{ 37.989a, 0.0862,
{ 55,9232, 0.1222386, }.
{ 59.2748, 0.105329, ),
{ 64.3502, 0.111596, },
{ s6.9912, 0.105726, }.
{ 70.5895, 0.110907, }.
{ 72.3561, 0.108349. }.
{ 74.6623, 0.108032, },
{ 76.325, ©.11086,
{ 75.5416, 0.110216, }.
{ 0.0, 0.0, 3
{ 0.0, 0.0, },
{ 0.0, 0.0, e
{ 0.0, 0.0, .
{ s
Vad L]
AT -7
{{ 27.3808, 0.0891,
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{ 45.0161, 0.117744, }.
{ 57.4503, 0.132157, }.
{ 59.863, 0.1139%6, },
{ 67.1216, 0,130564, ),
{ 68,5702, 0.119971, },
{ 72.1832, 0.122477, ).
{ 73,2436, 0.11908,
{ 77.1308, 0.125175. ).
{ 78.0586, 0.118421, },
( 81.8235, 0.125473, }.
{ 0.0, o0.0. }
{ 0.0, o0.0,}
{ 0.0, 0.0, 3.
{ 0.0, 0.0, 1
{14,
b
...................... ./
{{ 29.9976, 0.0967,
{ e0.7293, 0.0%01,
{ ss.0417, 0.117045, }.
{ s8.4921, 0,3107211, },
{ €5.8377, €.119586,
{ €5.9093, a.100393, }.
{ 70.9514, 0.113604, },
{ 12.519, 0.107896, },
{ 75.3182, 0.113195, }.
{ 76.5463, 0.108146, }.
{ 75.4491, 0.109836, }.
{o.0, 0.0, Yo
{00, 0.0 }.
{00, 0.0, }e
{00, 0.0 3.
{ 17,
b
...................... .
{{ 26.975¢, 0.076984,
{ 518834, 0.148419, ).
{ 50.%061, D.0955,
{ 60.211, 0.111777, }.
{ 63.4217, 0.10436, ).
{ 67.1155, 0.106036, ).
{ 70.3826, 0.112958, ),
{ 71,1004, 0.0997,
{ 74.2032, 0.106215, }.
{ 76.5634, 0.107208, }.
{ s0.2467, 0.0114153,
{ 0.0, 0.0, ).
{ 0.0, 0.0, },
{ 0.0, 0.0, }.
{ 0.0, o.0, 1D
{2,
14
...................... o
{{ 35.6987, 0.118874,
{ 12.9204, 0.104448, ),
{ 51.6091, 0.106708, )},
{ 53.6202, o.108802, },
{ 6¢.0317, 0.107957,
{ 65.3097, 0.10424,
{ 70.2666, 0.207929, }.
{ 71.7228, 0.102196, }.
{ 15.3727, 0.211200, },
{ 76.7847. 0.107923, }.
{ 79.5333, 0.103177, }
{ 0.0, 0.0, 3o
{00 0.0, }
{00, 0.0, 3.
{00 0.0 N
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{{ 26.3645,

{ 43,4545,

{ 50.735,

{ €0.6949,

{ 65,2771,

{ 66,9431,

{ 71,0327,

{ 72.5388,

{ 76.0082,

{ 77,3385,

{ 78.6243,

{ 0.0, 0.0,
{ 0.0, 0.0, }.
{o.0. o.0,
{0, os.0,

{{ 24.0535,
{ 45.3754,
{ s0.93s2,
{ se.a214,
{ s0.8415,
{ &3.3034,
{ 66.7204,
{ 89.1107,
{ 71.9378,
{ 73.6224,
£ 77.2013,

oo coceoo0ooo0o

.0772,
095061,
0574,
122010,
116403,
106186,
1114422,
108871,
116995,
0.112683,
0.1043953,
Y

eoocoocoooo

o

3
.

346415,
0448,
107713,
0280,
103867,
0615,
0792,
225010,
oros,
047492,
0365,

oo

woooeobooooo

M)

0.134410,
0.0426,
0.222150,
0.095%0¢,
©0.103664,
0.104791,
0.0%82,
0.104508,
0.200259,
G.1021539,
0.0%89,
e

3}
Nt

065356,
122127,
031363,
[LITR
089737,
0806,
o854,
0873,
054015,
0913,
0941,
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{o0.0, 0.0, 1.
{o.0. 0.0, ).
{ 0.0. o.0, }.
{0.0. o.0, 13
{ 33,
& b
LA e -t
{{ 36.1683, 0.1361%6,3,
{ 40.7677, 0.99%7, }.
{ 51.080s, o.0938, },
{ 57.2837, 0.0961, 1},
{ €1.365, 0.0925, },
{ 64.1689, 0.0924, }.
{ 67.4613, 0.0%44, },
{ ¢5.918, 0.0808, },
{ 72.5547, 0.0951, },
( 7e.3771, 0.085119, 3,
{ 77.5436, 0.0886, ).
{ 0.0, 0.0, ).
{ o0, 0.0, ).
{ 0.0, 0.0, 3.
{ 0.0, o@D.0, 0
{36,
~ b
Jo e mmmmmemmm e »
{{ 25.1280, 0.0577, 3.
{ 42.983¢, ©0.110396,},
{ 50.8331, 0.0918, }.
{ 57.1574, 0.0935, },
{ 60.3679, 0.0872, },
{ 64.1232, 0.0916, }.
{ €7.7702, 0.0953, }.
{ 69.967, 0.0934, },
{ 71.8082, 0.0936, },
{ 74.68, o.0975, }.
{ 77.0475, 0.0955, )},
{00, 0.0, 3
{ 0.0, 0.0, },
{ 0.0, 0.0, }e
{ 0.0, o.0, .
{ 90
/* b
f¥emmm e acacenn .
{{ 34.883. 0.117881, ).
{ 45.7616. 0.123735, ).
{ 52.5577, 0.110983, },
{ 60.4452, 0.216582, },
{ £5.0779, 0.113763, },
{ 66.9821, 0.107816, },
{ 70.2728, ©.108867, },
{ 72.0032, 0.106249, },
{ 75.4537, 0.1131203, },
{ 76.239a, 0.110225, }.
{ 79.5101, 0.220944, },
{ 0.0, 0.0, 3.
{00, o0.0,)},
{ 0.0, 0.0, )
{00, 0.0, ny
{ 9.
" b
[Pemecaccaiiaainccacanun /
€{ 31,01, 0.203040, }.
{ 15.5932, 0.0222,
{ 54.2337, ¢.102615, },
{ ss.73¢61, ¢.106557, },
{ 62.3017, 0.106312, }.
{ 69.182, 0.120343, },
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{ 70.1864, 0,106033,
{ 71.056, 0.105312,
{ 75.8229, 0.324387,
{ 76.1835, 0.105750,
{ 15.8682, 0.119353,
{00 0.0, Y.
{ 0.0, 0.0, }.
{ 0.0, 0.0, 3.
{ 0.0, 0.0, n.
}s
STANDARD VoicedOtherstd(] = {
/* pascii® pattern
FACTEEEETE Ammm—am
{1
{e 0 0 0 0 0, 0 8 0
./
0.73378, 0.08242,
0.09800, ©.05573, 0.02370, 0.01606, 0.02156,
{3
{0, 0 0,0 0, 00 0.0
go hare. */
0.7638,  0.2279,
0.04873, ©.02985, 0.02271, 0.00335, 0.01144,
{7
{0 0.0 0 0 0.0 0 0
go bhars. */
0.7151,  0.6677,
0.07466, 0.03763, 0.02601, 0.1340, 0,02633,
{9,
{0, 0, 0,0 0 0, 0 0, 0,
go bexe. */
0.§873,  0.6969,
0.04561, 0.4228, 0.02513, 9.02961, 0.02507.
{ 18,
{0 0 0 0, 0,0, 0 0
go here. */
0.6035, 0.73174,
0.03564, 0.02338, 0,01806, 0.0142S, 0.0192%.
{17,
{o, 0 0, 0, 0 ¢ 0,0, 0
go hexe. */
0.84656, 0.13270,
0.01020, 0.0844, 0.0049, 0.00430, 0.00323,
§ 21,
{0, 00,0 0,0 0 0, 0,
go bhere. ¥/
0.8162, 0.6382,
0.01664, 0.01172, 0.00420, 0.0033&, 0.00760,
{ 24,
{0, 0 0 0 0 0 0 0 O
go hara. */
. g.5820,  0.71581,
0.03654, ©0.03031, 0.01378, 0.01700, 0.01592,
{ 26,
{0, 0 0, 0 0,0, 9 0 0
90 bexe. */
0.4687,  0.3466,
0.02344, D0.01238, 0.00421, 0.00633, 0.00621,
{ 29,
{o 0,0, 0,0, 0 0,0, 0
go Nere. =/
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3.
).

|2
b

¢, o, 0, 0, 0, O,
0.01025, 0.01257,
a. Q.

o0, 0, 0, 0, 0, 0,
0.02602, 0.05287,
0, o,

o, 0, 0, 0, 0, O
0.05651, 0.2010,
0. G,

0. 0,0 0,0, 90,
0.2288, 0.3164,
o, 0,

0, 0, 0, 0, 0, O
0.24344, 0.20304,
0, o,

0, 0, 0, 0, 0, 0,
@.06494. 0.01722,
0. 2,

g, 0, 0. 0, O O,
0.09954, 0.01004,
0, 0,

g, 0, 0,0, 0,0
D.46648, 0.05332,
0. o,

0. 8, 0, 0, 0, O,
0.09751, B.14443.

a, o,

o, 0. 0, 0, @, 0,

526

0.06235,
o,

0.11733,

0.

o,

0.15908,

o,

o,

0.16726,

o,

0.

0.04517,

a

0.

D.01704,

L8

0.01519,

0.

0,

0.03B06.

o,

0.08847,
0.

/* Pregquencias will
0.0741S,

0 .

/% Fraquencies will
0,10825,

o 0.

/* Preguencies will
0.10852,

o .

/* ¥zagquencies will
0.10475,

o .

/* Frequencies will
0.05183,
o s

/v Praguencies will
0.01187,

4 .

/= Erequencies will
0.013%4,

° 1}

/* ¥requancies will
0.05735,

0 .

/* FPregusncies will
0.02578,

° 122

/* Prequencias will
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0.7303,  0.€403,  0.14220, 0.18553,  0.04853,
£.00980, ©0.01473, 0.00455, 0.00503, 0.00525, O, o, o,
{3,
{0, 0 0 0,0 0 0 0 0 0 0 0 0 0 0 0
go hare. */
0.53032, 0.06093, 0.04107, 0.0z801,  0.03130,
0.01032, 0.00956, 0.00837, 0.00385, 0.00562, 0. 0, o,

{33,
{0, e 0 0, 0 0. 0, ¢, 0, 8, 0. 0, 0. 0, O, O,
go hers. */
0.6386, 0.08579, 0.01947, 0.02064, 0.02314,
0.00754, 0.00404, 0.00525, 0.00264, 0.00300, 0, 0, [

{ 36,
{o, 0,0 0 0 0 0, 0 o, 0, o, 6, 6, 0, 0. T
go here. ¢/
0.6428, 0.11144, 0.04302, 0.01270,  0.03723,
0.02658, ©0.01300, 0,00673, 0.00614, 0.00722, O, o, o,

{ 90,
(o 0 0, 5 0,0 0 0 0, 0 0 0 0 0 0 0
go hare. */
0.8455,  0.6897, 0.D4924, 0.00760,  0.00872,
0.01178, ©0.01369, 0.00705, 0.00562, 0.00%61, 0. 0. (%

{ 94,
{0, 6 0, 0, 0 0 0 0 0 0 8 0 0 0 0 0
go here. */

0.3353, 0.6834,  0.14631, 0.12756,  0.02257,
0.00881, 0.00561, 0.00134, D0.DO1S1, .00382, O, 0, o,
{a
{t. 0,0, 0, 0,0, 0,0, 0, 0 0 0 0 0 0 0,
5o here. ¢/

o, 0, 0, 0, 0, 0, 0, 0, 0, 0, B, 0. 0. D, O, O, 0.
hard-coded hare */

)

Wifdet  DONT_BAVE_YET
STAMDRD UnvoicedOthersedll = {

Jetsvsaanvecesannsuasans gavolced Fricatives CrAvRRTRRSSS R RRLEARS [

0.01132,

° .

/* Freguenciess will
0.0257%,

o b

7+ Frequaaciex will
0.01728,

° 1.

/% Praguencies will
0.0361%,

e .

/* Fraguencies will
0.01520.

@ 1.

/* Fraquencies will
0.02135,

° e

/* Fraguencies will

/+ Amplitudes ars

/* pasciid RedAmp  zer duration Y1 rz
r3...715 */
7 - e —mvanaun B L E L b bl *!

{57, 25, 1, 1, {1.0.
0.6187126, 0.3366405, 6.6755287, 0.6472607,
D.5344577, 0.4145335, 0.4515694, 0.4292353, 0.4739683,

25.075697, 31.050948, 37.193311, 32.939808,
52.578000, 31.842832}}.
{ 53, 20, 1. 1,
{1.0, 0.4126457, 0.5133013, 0.4331075, 0.4055385,
0.3949356, 0.3749283, 0,3738890, 0.3525115, 0.4131706,
19.827148, 25.616308, 29.471095, 40.967576,
55.371%2%, 32.802699}},
{ 61, 35, 1, 1,
{0.3336067, 0.2188756, 0.2916701, 0.2894318,
0.8955675, 0.8326834, 0.9252790, 1.0, 0.9986753, 0.9054088,
22,935132, 29.808178, 21.536262, 206.524450,
301.739860, 115.002000}}.
{ &s, 65, 1, 1,
{0.1388761, 0.1327473, 0.6899939, 1.0, 0.8056134,
0.4§851289, 0.2660963, 0.2295438, 0.1468817, 0.1022510,
89.80530¢, 284.936730, 375.913760, 226.613180, 133.303160, 36.378377}}.
Vi Other d Sounds +essvwavseevesnmarans/
7+ parciid Relamp  zer duzation FL r2

frommemmenn e - P
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{ 2. 25, 1, 1, {1.0,
0.6197126, 0.8366405, 0.6755267, 0.6473607,
0.5344577, 0.4145395, 0.4515654, 0.4292353, 0.4739623,
25.075697, 31.050943, 37.183311, 38.933808.

52,578000, 31.842832}).

{ . 40, 1. 1. {r.0,
0.6297128, 0.8366405, 0.6755267. 0,6473507,
0.5344577, 0.4245385, 04515694, 0.4292353, 0.4739683,
25.025657, 31.0509438, 37.193311, 38,339208,

52.578000, 31.8428331},

{ 47, %0, 1, 1, {1.0,
0.6137126, 0.8366405, 0.6755267, 0.6473607,
0.5344577, 0.4145395, 0.4515634, 0.4292353, 0.4739683,
25.075637, 31.080948, 37.1%3311, 38.529808,

52.,578000, 31,842832)).

{ 76. 35, 1, ., {1.0,
0.6197126, 0.8366405, ©0.6755267, 0.6473607,
0.5344577, 0.4145395, 0.4515694, 0.4252353, 0.4739683,

25.075697, 31.050948, 37.193311, 38.939808,

52.578000, 31.842032}},
{0 o, 0, 0.
{o. D, 0.

o, 0. 0, a, 0.

0, e, 0,
0, o, o, a,

o} )}

h

dendif

/* an index lookup tabls for 2” (index/12) . Raough for & octaves plus ./

float PowerThlLoskup(30] = {
2.0394§31433, 1.1224620343, 1.1892070770, 1,2599210733, 1.33483328209,
1.4142135382, 14983071083, 1.5874010324, 1.6817928553, 1.7817974091,
1.8877435%91, 2 . 2.1 . » 2.37841412541,
2.5198421476, 2.6696795417, 2.8284270763, 2.9966142178, 3.1748020849,
3.3535857105, 3.5635850565, 3.7754371%03, 4.0000000000, 4.2378520966,
4.4893486237, 4.7568293081, S.039483518B, 5.3393397603, 5.6363541527,
5.9932279587, €.3436046066, 6.7271714211, 7,1271891594, 7.5509948730,
$.0000000000, 84757041931, 8.379§972275, 9.513§566162, 10.0793676€376,
30.6787185206, 11.3137083056, 11.3864559174, 12.6992052133, 13.4543428421,
14.2543783188, 15.1019897461, 16.0000000000, 16.9514122009, 17.9533306403,

19.0273132324, 20.1587290900,

25.3984146118, 26.9086856842, 23.50875235)

33.9028244019,
45.25493322)4,

60.4073475403,
20.6349563539, 05,4237409053,

35.5187812305,
47.945811293%%,

21.3574352264,

38.0546264642, 40.3174731795,
50.7868292236, 53.8173713684,

22.6274166107,
6, 30.2039737701,

[1]

. 67,
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7. 71.837

90.5096664429, 95.89166235377,

0, 76

23,9739156484,
32,0000000000,

42,7148704529,
57,0175247193,

7.

101.5936584€73,
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. -- dynamic.c --
* Copywrite Synergetics 1993, 1954
¢ MWritten by Tom Jensen

* Warning Confidential Xaterial
* Propexty of Synergetica
* Copyright 1893, 13%4 AlR Rights Reserved

¥include “dsp.h"
#include “wavio.h*

extorn int XaxAmpl;

typadef gtruct {

int pmi,

char Type;

long Locations

int gixe;

int La;

int ros

int ¥axAmpl;

int zow;

int SumSlope;

int £freq(MAXFORMANTS)

int smpl [MAXFORMANTS))
} wIcromx,

extern struct COMKMIDLINE clo)
extern int ParsonNusber;

StufZHigginaToDisk

7
void StuffXigginsToDisk (struct EICGINS *frestart}
{

struct KIGGINS *Higgins,

FILE *fpYormant;

MICROBE Micxoba;

int i,

static int FirstTine = 1,

char Filename [MAXRUYYER)

static int CurPerson = 0,

Higgins = frastart;
sprintf(Filename, "c:\\dump\\formantx.%d", PersonNumbex);

if(CurPerson != PerscoMumbar)

CurParson = PersonNumber;
fpFormant = fopen(Filename, =wb*};
if(fpPormant)

{
}

FirstTima = 1;

felose (fpFormant) s

/* Bere wa walk through the list of Biggins structores and save them to dixk */
while (Higgina && Eigginz-styps 1s 'N'}
Miczobe.ZCR « Miggine->xcz;
Microbe.3umsSlepe - Higgims->sumSlopas

Microbe.Type = Riggins->types
Microbe.pmi = Eiggins->pad,
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Aicrobe.Locatien = GekPilslocation( Eigginm-sloc }j

5,640,490

Microbe,Size = Higgins->sixe,
¥icrobe.Ls = Higgins->Ls;
Micrcba.¥o = Wiggins->¥o,
Miczobe.KaxAZpl » MaxAmpl;

for

{

}

{4 =0y i < MAXFORMANTS; 34+ )

Kicrobam.ffreqli] = Miggins->frreqli];
Nicrobe.ampl (i) = Higgins->ampl[il;

ZpFloTmant = fopan(Pilename, "szb"};

i (fpPormant)

{

}

534

fwrite((void *)iMicrobe, sizeof (NICROBR}, 1, fpYormant) ;

£closa (fpFormant) ;

Higgine « Higgine->mext;

FirstTime « 0,
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7/ troi.c

#include *windows.h"
#inciude "troi.hv
#include “permman.h”
#include "cadas.h®
#include *simpleio.h*
#include *_federat.n®
#inelude “error.n"

//#inclnde "memtest.h®

Defines
/
#define GRONTN_S1ZX 16
/
Globals
/
static int sumDicticnaries;
TraiContext Tzod)
#i£ 0 10
static int PacketiDa0x01EE)
#andit
7
Prototypes
4
static int /*0Xis=D*/ SearchForscund {
unsigued char Saund,
unaignad o25ound
b2
!
Code
/
#L 0
7
MergePromListz makes a second list that has the from place structs of
both of tha origional 1ist. Thay are merged o a3 to still be sorted
in decending order by the key offSound aad then decending order by tbe
key pSound->idpict
/
list b / str/ ~ ista(
1ist_t *prremristl, list t *prrombist2
b
liak_t *RetValj
from place *prromi¥av, *pFraml, *prroo2;

if (pFromlistl==NKULL || prrombListesNULL} {
RetVal = duplicate list{pFromListi=sNULL ? pPromlistl : prromlistl),
} slae if ({RetVal = creste_list{sizeaf (from place}}) l= KULL) {
pProwl « last_in list{pFromlistl); .
Prrom2 = last_in list{pPromList2},
whila (pFreml || prrom2) {
Pprroaiew = appand_to_liat(Retval))
if (pPromle=NULL) {
mencpy (pDFromiev, pFrom2, sizeof (frecm place));
pYram2 = oext_in_list(pFrom2);
} else if (pPromz=mNULL) {
memcpy (DFrondew, pProml, sireof (from place)):
prroml e next_in list(pFromi);
} else 12 ¢

e

(p¥romt. we DFTOM2 )
&& (pFProul->pSound->idDict >
prrom2->pSound-sidbict)
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i
semcpy (pFromMew, pFrom2, sizeof (from place));
pProe? = next_in_list{pFromz),
} olaa {
mencpy (pFromNew, pFroml, sizecf{from place)))
prroml = next in list(pFroml);
}
}
} alsa {
DebugOutput (DRY_ERROR, *Out of maacryl\n®),
}
return RetVels
)
/
dupPathrlemant2

Creszte & duplicate path element

4
void dupPathElement?(path_elmsnt =pMevElesact, path_simeat *pOrgflement) {
path_elment *pOxglistElement;

Lisk_t *pElesantlist;

o Ype » DOrgKl te>type;
awitch (pOrgKlement->type) {
casa PT_WORD:
PRevElemant->data.pSouad = pOrgXlemsnt->data.pSound,

braak;

case PT_CHOICKS:
case PT_SEQUENCK:
pievElmmant->data.pRlementList = pElemeatList » create_list{
sizeot {path elment}
LN

or ¢
POrglistSlasant = First_in list(
pOTgElemant->data.pElenantList
¥}
POrgListElwcant
POTYListElemant = next_in 1ist(pOrgliatTlemeat)
o
dupPathElement? (appand_to_list (pElemantliat),
POTgListElament)
}
break;
}
}
7 .
duprathX¥lemant
Create a duplicata path slamant
/
path_slnent path_elment 1 {
path_slment *ROEVa1=HULL;

4f {OrgRlement) {
RatVal = mallec(sizeof (path_clmant));
1if (RetValeeNULL) {
DabugOubput [DBP_ERROR, "Out of memory*)s
Teturn RetVal;

b
dupPathElsmest2 (RetVal, OrgXlemeat);
}
return Retval,
)
fandif
4
InitPossiblaMords
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Initialize the possible worde data.
* /
static PossibleNord *InitPossibleMords {

unsigned offrirstJound

'

Fossibleword *pNord.  *pLast,  *RatVal=MOLLs
DistContaxt *pDicts

unsignad idpict=a,

umaigned aAxDictel;

pDict = first im list (Troi.pDictlist);
for (
pLaxtsNULL,
PWord = Tred.pPirstictiveNord ?
Trol.pFirstActiveNord :
firat_in list{Troi.pPossibleNordList),
PXoxd &k pXOTA->0LLP: 13451
PlastupWard, pMordenext_in_list (pWozd)

r {
1f (pMord-softFirstSound=-ofeFiratiound) {

if (RetVal==NULL) {
RetVal = pNord;

}

pDict = next_in list (pDict),

if (pWord-»idbict > maxDict) {
saxbict = p¥ord->idpict)

}

Zor {
idDick=maxDict+l;
idDict<eTrod .ouabictsInlse;
1dbictes, pDictmnext_in_list({pDick)

if {
(pWord = insert_afrar_in_lise(
Troi.pPossiblaNordlist, pLast
11 1= FULL

xamget pWozd, 0, mizeaf (PosaibleWord));
pYoxd = pHard-saf. = oIfFirstSound;
p¥ord->idbict = idbDict;
DWord->pDict » malloc{sizeof (DictContext)),
1if (pWord->pDict=s¥ULL) {
DabugOutpuk (DBF_ERROR, "Out of memory®);
raturn KULL;

H
memcpy (pHord->pDict, plict, aizeot(DictContaxt)) )
ie ¢ .
ITrol .prirstActivaWord
|| Txod.pri £ri

¢
Trod.prizstictiveNord = RetVal = pord;

} olea {

//erxox cut of meaory?
DebagOutput (DBF_ERROR, *Dut of memory!\n*);

return RetVal;

/ .
InitTroi

Initialize the TroiContext
. /
void IndtTroi() {

Txol.pDictList = create_list(sizsat {DictTontaxt));
4f (InitPhonicTres{*common.PED*, appsad_to list{Trof.pDictList)}) {
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“common . FRD) §

sppeod_Eo_liat(Trol.pDicttist))) {

vaprintf(BrrorBuff, *Unable to load dictionary kse,
{DBE_ERROR, )
i if {InitPhonicTree(*FULL.PED=,
1" waprintf (RrxorBusf, “Ueable to losd dictionary %&*, "YULL.PHD"))
7 {OBY_XIROR, 1
" }
waprints(
Errorsuft,
“%& dictionariss locaded.\n",
ausDictionaries w count_in list{Troi,pDictLiak)
1y
{DBF_TRACE, 3]
Troi.numDictsInUse » 1p
Tzoi .pPoseidleNordList = create_list(sizeof (PossibleMoxd))
Tral.pPascliList = create _listisizeof (POIIIBLE) + MAX_POSSYRYLITIRS):
Troi.pFirstActiveNord = NULL;
InitPossibleWords {0},
InitPeraMan(),
}
/
ResetTroi

Reset tbe TroiContmxt
.

void ResetTrol{vaid) {
PoszibleNord *pWard;

Troi.idxScund = 0)
3% (Troi.pPossibleNordbist) {

fox {
PWord = first in listiTroi.pPassibleMordList);
p¥ord;
pWoxd = mext_in list(phordl
t{
if (poxd->phict) {
free (p¥ord->phict),
}
b

destroy_list(Troi.pPossibleMordlist);
}
Trol.pPossiblaWordbist = create list(sizect{PossibleNord]};
if (Troi.prasciilist) {
y_liat (Troi iat);

}

Txol.pPapciiList = create_list (aixeof(POSSIBLE) * MAX_POSSIBILITIES);

Tzoi.idxPostLastWord = O;
Trol.DuRDictaInUse = 1
Troi.pFirstictiveNord = NOLL;
IaitPossihleXords (0},

RazetPeraian(};
}
7
Quitrrod

Cleanup the TroiCoatext
void QuitTrodi() {
PosaiblaWord “piordy
DictContext *pDict,  *pTemp;

phict = fixst_in list(Trol.pDictlList);
while (pDick) {
QuitPhonicTrae(pPict};
pTesy w phict;
PPict = paxt_in list (pTemp!:
Temove from 1ist{Troli.pDictList., pTemp):
}
dastroy_list(Trol.pDictList),

for (pWoxd = first _in 1ist(Troi.pPosziblaMordList);
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plord,

PNord = maxt_in_list (p¥ord)

if (pword->pbict) {

}

free(pWord->pbict),

destroy_listc(Troi.pPosaibleWordList),
destxoy_list(Trol.pPasciilisc);
QuitPareMan(]

544

}
#i2 0
4
GensrsteChoices tPassibleNoxd *pPostPreakWord) s
/
atatic path_elmant *GanerateChoices (PassibleNord *pPostZreskWord) {
Possiblerord *pNord;
path_elmeat *pPrevPath, *pPathilement;
path_elment *pThisChoice, *RetVal«NDLL;
from_place bt laces
int cMatchingPathy, cPatha;
1ist_t *pChoicelist,
if (pPostireakMoxd->pPath) {
/* The path ro Bers has alraady baan generated +/
Taturn pPostIreakWord->pPath;
} olse 12 ¢
PPostBreakWord->prromList &
(cPaths » count_in_1i, A8t}) twd

1 {

pFroaPlace;

/* this 15 a non-leaf node (iw. we got Rere fram momawhere) ./

tor (

35 /* count the dicts that sent us here from the ssme place */

do {

cMatchingPaths « O,
pNextFromplace
PPostAreak

Vi
pHextPromPlace &

prroaPlace = lask in liet{

Word->pPromlist

cMatchingPatha++,
pNextFromPlace = pre

//5u114 the saquence
PMOTd = prev_in_list

v_in_lizt(pNextFrimPlaca)

{pPostBreskMozd);

/* packup to pFromPlace
(4e. the last place we Zound a way heze fxom)

=/
while {
pHera &k |
PHord->ofriTatiound > pFromPlace->offSound | |
P 1w prromp dpict
)
1 {
p¥ozd = prev_in list (piord);
3} //pRord is the start of the word of the nearest frca Place

pRPrevPath = AupPALhK

lement (

GenerataChoices (piord)

bR
I

PMord is the word we got hare from;

PPrevPath represents baw we got to p¥oxd,

cNatehingFaths is how many dicts can gek us to pWord from

cPaths ia how many ways we can get to here;
RetVal is NULL OR raprasects other ways we got to hexe

\
if {(cPaths-~cMatchin;

gPaths)} { /¢

it (ipPrevPath || pPrevPath->type!sPT_SEQUENCE) {
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sizeof (path_almant));

ko pword

aixaof (path_elment)),

for this choice

sizeof {path_elmant});

sizeof (path_alment}};
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} wlsw {

}

546

Retvsl « malloc{sizeot {path elment));
if (RetValseNULL) {

DabugOutput [DAY_ERROR, *Out Of memory=)s

Teturn RetVal;
}
RetVal-styps = PT_SEQUENCY,;
RetVal->data.pElenantList o create_list(

sizeof (path_elnent)
‘e
if (pPrevPath) (

//A33 the way to pMord as the first itea

- pPath¥lement = append to_list{

RatVal-sdata.pElamentList
s
mancpy (PPathElement, pPrevPath,

//just add the way to here from pWord to the way

RetVal « pPravPath;

PPathklmmant = append_to_list(RetVal->data.pElementList})
} slse { /* we can get here from mvltiple places */
if (Ixetval) {

}

RetVal = malloc{sizeof (path_elment)};
if (RetValeaNOLL) {
DabugOutput (DBF_ERROR, "Out of memory®);
return Retval:
}
RatVal->typs = PT_CEOICES;
RetVal->data.pElementlist v creats_list(
sixeot (path_elment)
)y

pPathElemsnt = append to_list{RetVal->data.pRlemsntListj;

if

} slse (

}

&t pPr Yp X
//expand pPrevPath to make this choice
‘mencpy [pFataklement, pPrevPath,

pPathElement = append_to_list(
pPathRlement->data.pElenentList

12
//make & new sequence that starts with pPrevPath

PT2isChoice = malloc(sizeotipath elment}),

if (pThisChoicessNULL) {
DabugOutput (DBF_XRROR, *Out of memory™);
raturn pThisChoicae;

}

pThisChoice->type = PT_SRQUENCE)

DPThisChoice-»dats.pElementlist = create_list(
sizeof{path_slmant)

)

WMMCDY (pPatbRlement, pThisChoice,

12 (pPravPath) {
7/744 tha way to pWord as the first item
pPathflement = append_to_list{
PThisChoice->data.pElementlist
)
semcpy (pPathEleasnt, pPravPatk,

}
pPathXlemast = sppand_to_list(
Thi sChot dat ist

)i

//pPathElemsnt is to be how to get from pWord to bers
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if (cKatchingPathses1] {
pPathflemgut->type = PT_NORD;

pPathElament->dats.pSound = pFromPlace-spSound;
} else { //thera are multiple paths back to the prav place

prathIlement->type = PT_CHOICKS;
Pathk: ist =

ist = crea

sizeof {path_eiment)
1N
for |
PRaxt¥romPlack = pFromPlace:
pNextFronPlace &t

te_limt(

pH

ace-

pNextFromPlace = prev_in_list{pNextFromPlecs)

pPathRlsment « append to_list(pChoicelist),

pPAtbElement->type = PT_WORD;
pPathElement->data.pSaund =

pNextPromPlace->pSound;

} else {

}

}
pProuPlace = pNextZromPlace;
cMatchingPaths » 0;

while ¢
pRaxtPromPlace &&
PH
' {
cMateningPatha++r
PiextFromPlace = prev_in_liat(pXextFromplace);
3}

} whila (prrompPlace);

//This 1s a leaf word so just raturn NULL

PPostEreakNord->yPeth » Retval;

Taturn Retval;

idxThis = AddToBuff (pBuff, plenBuff, NULL, sizeof{int}),

atatic int AddroBuse(
char **pBuff, int *plenduff, void *pData, int lenbate

r{
<chax
dnt

*2afl;
oldSisze,

oldsiza = (*plenBuff +

aewSize, RetValjy

//iF thix ix the first addition make youm for a len and packetID alsc
42 {1*plemBure) {

}

*plenBuff +» sizect(int} + sizeof(int);

DewSize = (*plenBuff + lanData + GROYTE_SIZE-1) /GROWIR_SIZX;
Retval = *plenknff;
if (newsSize > oldSize) {

it (vppuge) {

GROWTH_SIZE-1) /GROWTE_SIZE,

Buff » *pEuff « rmalloc (*pBuff, newSize*GRONTH_SIZE),

} etse {
Buff » *pBuf? = mallac (newS1ze*GROWTN_SIZE);
}
} elae §
Buff o *pButt)
}
1f (Bugf) {
if (phata} {
meacpy (BuffiRetVal, pData, lenDatm):
}
*plenduff +» lenbata;
} elae {
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//exTor OUE Of mmmsry
DabugOutput (DAF_ERROR, "Out of mamary!\o®};

}

ratura Retval;
}
/
OutputChoices?

/

static vold OutputChoices? {path_almant *pPath, char *spBuff, int *plesButf) (
path_slment ~pElvasnt;
int bFirst=l, cItems, idxLanThis;

idxLenTbis = AddToBuff {pBuff, plenBuff, NULL, sizeof(int])):
AddToRutf{pBufe, plenBuff, kpPath->typs, aizeof {PATE_ELEMENT TYPE)),
switcd (pPath-stype) {
case PT_SOMND:
//33d <{unsigned char! Sound>
AddToBufz{
PpBut?, plendure,

&pPath->datm.pSound->Sound, sizeof(unsigned chaz)

breax;

case PT_WORD:
OutputWords{

PPath->data.pSound->idDict, pPath->data.pSound-»pbict,

PBULE, plendufs

break;

case PT_SEQUENCE:

if {|cItemsmcount_in_1ist{pPath->date.pElementlist]}>1) {

DabugOutput {D3F_TRACK, *<*);
}

AddToBuff (pRuff, pleaBuff, tcltems, sizesf(int)),

for {
PElement w first_in_list(pPath->data.pElemantLixt);
PElamant;
PRlement = next _in 1ist(pElemant)

r {
OutputChoices2 {pEiesent, pBuft, plenduse),

3} .

if (cltems»l) {
DedbugoOutput (DEF_TRACK, ">%};
)

break;

cags PT_CMOICKS:
DabugOutput (DBY_TRACE. *<),
cItems = count in 1ist(pPath->data.pElementiint];
AddToRuff(pPuff, plenPuff, iLcltems. sizmof(int));

for |

PElement = first io_list(pPath->data.pBlesentList);

PElament:

PElemant = next_in_list (pRlement)
»

if (IbPirst) {

DebugOutput (DHF_TRACE, *|*},

}

brirst = 0,

OutputChoices2 (pRlement, pBuff, plenBuff);
}

Debugutput (DEF_TRACE, *>%};
braak:

¢(int *) (*pBuff + idxLaenThis) = *planPufe - ddxlenThis;
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DutputChoices
/
atatic void OutputCholces (path_slmant *pPath, int idrfuraff) {
char *BuffaNULL;
int 1 . {int) + sizeof{int),

OutputChoicesz (pPath,
it (moze) {
12 (AppOPta.DestID >» DEST _PORT! {
lenRuff -= sizsof{int} + mizeaf(int};
while (lmnBufe) {
lenBuff += sizeof (int) + sizsof{int),
POsBuEZ -= sizeof (int) + aizeof(izt))
*{int *) (RULL+posRULL4sizeot (int)) «
PacketlD = (++FacketIDe0x00£7) |0x0100;
if (lenBuff>TTXRUPF)
*(int *) (Buff+posBuff) « TTXBUFE:
WritePort (PortID. Buff+posBuff, TTXBUFE);
lenBuff -e TTXBUFF;
poaBuff 4= TIXBOFF;

&Buff, Elenduff),

} elae {
*{int *) (Buff+posBuff) = lenBuff;
WritePort (PortID, BufféposBuff, lenBuff);
lenBut? « 0y

}

}

fres {Buff),

static void OutputSound{SoundInfo *pSound, int idxCutoff) {
path_elment Path,

Path.type = PT_SOMXD,
Path.data.pSound = pSound;
(LPath, i 1y

/
RelenseChoices (path slment *pPath);

statfc void RelesaseChoices{path elmsnt *p¥ath] (
path_elment *pEL t b t

switch (pPath->type) {
case PT_WORD:
break;

case PT_SEKQUENCE:
case PT_CHOICKS:
PlextElement = Zirst_in_list{pPath->data.pElementList};
while {(pElemant=pNextElaoent)]=NULL) {
pNextRleadot e néxt_fa 1ist(pFlement);
RelesseChoices(pXlamant))
ramove _from 1ist{pRath->data,.pElementlist, pClement),
}
dastroy list(pPath->dats.pKlementList))
pPath->data.pElesentliat = NOULL)
break;

/
PrimaryWordFinished

We want to ses if the primary word {the first possible word in the
list) is complats. This occurs when the primary word is finished and,
one of two events has accured for each word Found in this primary word.
1} tha sounds f£ollowing 4 word make anothsr finished word or
2) the sounds following a wozd do not make & word at all.
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(primary woxd)
(secondary word}
{secondary word}

This word is marked as finished by the '*’'.
The sounds following "a” and *an* did not make a woxd.
The sounds following “andax® and “andarstud” meke & finished word.

4
static int PrimaryWordPinished ( .
Possibla¥ord *pPrimaryMord,
Possiblamors =*ppPostBreakiord
1
int BUBDiCEAInUse=Tzod. . ausdictslnlae;
int Retvalsl;
1ot 1Sounde0; //the index of tha sound following the possible brasak
int sum_finished wordest, num_wterted wordesl:
PanzibleWord *pNordspPrimarydord; // tha mext possible word to laok at as
// the wozd following aach word breek in the
// primazy word
unrigned p 27
while (pNord && pW: 'y b {
if (pWord->ePinished} {
num_started_words +e pWord->cWordFound;
pWord = mext_in_liak(pWord),
} else {
xeturn RetVal,
}
}
while (piord) {
1f (1Sound} {
//en un-fiatahed word has bsan frupd that starts at iSound
//%c 12 there isn‘t a convergsuce st this cut-off there ian't ens
12 (pWord. | (
raturn RetVal;
} alse {
oum_finished_words += comat_in list(pNord->pFromlistl:
if (oum finiabed | _started 3 IoUse} {
“ppRoatizeak¥ord ~ pWexd
RatVal = pMerd->offFirstSound;
Tetuzm RetVal,)
}
) elsa {
num_fioished words += count_in_lisk(pMord->pRrombList);
1f {oum Ly _started ctsIntse) {
“ppRastBreakiord = pNord,
Ratval = pWord->offFirstSounds
}
if (pWord->fPinished) {
uum stazrted_words +» p¥ard->cMordPound;
) elza { .
iSound = pWord->offrirstSound:
}
}
p¥ord « next_in_liat(pNord);
)
Teturn RetVal;
}
#endif
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RemoveUssdXords

Romova all the possible words that bave been passed on.
- /
static void RemoveUaedwords ¢

unsigned ahort idxNextWord

1 {

PassiblaNord *pMozd,  “pNexty

/7 dacze

the firat wounds offset and

// remave any words that axe not needed

pNext - first_in_list(Troi.pPossibleNordlist))
whila {ipNozd = pNext) i= WOLL) {
pMuxt = next_in list(pXord))
iz (pword < ) {
if (pWord->pDict) {
£ree(pWord->pbict)

}

remove_from_list(Trol.pPossiblaNordlist, p¥ord);

// sdjust the offset

©of the first wound im

// the gussible word

for {
pWazd = first_in_list{Troi.pPassibleWordList);
pMard;
pNord « naxt_in list(pWord)

' (
pNord->offFirstSound -« idxNextWord,
pNord-sefL m i

}

// remove the used sounds from the pPasciilist
while {idxRaxtword-- » 1} {
POSSIBLY *pPascit)

if ({pPascii = first_in_list(Troi.pPasciilist}) 1sdULL) {
remove_from_list (Trol.pPasciilist, pRascii);

#ifdef DEBUG

/
ShowSounds
Show the poszible sounds.

xtatic vedd ShowSounds (void) {
Fossibleward *piord;

for (pword = fizst_in list(Troi.pPassibleNordList),
p¥ozd;
p¥oxrd = next_in_list(pKord])

wspzinte (
BrrarBuff, °%2d-%24°, pWord->o2frirstSound,
pWord->offLantSound
b

DebugOutput (DBF_TRACE, ExxoxBuifl:

)
)
tendi?
wr o
/
End0£Saunde2

Tha end of the sounds has besn ancountersd so dusp out what is laft.
and conditionaly imnclude any sounds that havent make a full word yet.
s
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void EndofSounda? (int bShowEndsounds) {

PosaibleMord spword;
SoundInfo *pSound;
int gZfSound, fFirstMoxrdsTRUE)

if ((pWord = last_in_list{Troi.pPossibleWardList)}1sNOLL) {
pffSound w pWord->offFirstdound;
Generatathoices (pNoxd) 5
iz && pWord ine) §
pSoundutirat_in_list{pNord->pgoundList))
12 {pword->pPath} {
if (pSaund) {
DebugOutput (DBF_TRACK, *<*};

I
DutputChoices (pWord->pPath, affsound),
}
while {pSound) {
1€ (pSound-»Sound) {
1f (frivstword) {
DabugOutput (DBF_TRACE, *[*');
£rirstWord = FALSK,

waprintf (ErrorBuff, *Xc%,
AgeiiCode[psound->Sound]) s

_TRACE, M

}

pSound = mext_in_list(pSound),

12 (12¥ixatword) {
DebugOutput (DAF_TRACE, *1*)»
if (pWord->prath) {
DebugOutput{DAF_TRACE, *>*);

}
} sise if (pWord->pPathn) {
iz (friraeword) {
OntpntChoices (pWozd->pRath, offScuad);

}
" RelsaseChoices (pWord-spPathly
" frea(pWord->pPath};
" pNard->prath = NULL;

}

// Remove all the uzed words

¥ RemovalsedWords {oZ£Sound+1) s
}

}
¥emair
!
EadofSomads

The end 0f the sounds has bean encountered 2o dump out what is lef:
including any sounds that haveat make a full word yet.

/
woid End0fSounds (void) {
/78 Eadof Sounds2 (1))
}
2
Tro> SoundOut
Tells the prasutaion manager that the only way to get from sound
of ¥ to sound with the A3 i1 tly
baing used is viz an unused sound.
/
static void Tred igned {
char BuLr256);
int idxButfy
POSSIBLE *pPascii,
char chaz)
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jdxBuff = weprinte(Bufz, °sdl~, offPizstSound},

560

tor (
pPascii = itam_in_Jist(Troi.pPasciilist, offSound) ¢
oftSound<offRostSound &4 pPascii,
pPagcii = mext_in_list(pPascii), offSoundss
r {
1dxBuff += wsprintf (§Buff{idxBuff], "sc”, Ancii€ode [pPagcii[0] .pl)s
}

weprintf (sBulf [idxBufe], *)wd”, offpoat3ound) )

DabugQutput (DBF_TRACE, Buli):
Adazdge (oftFirstSound, offPostscund, NMOULL) »

TroiWoxdout

Talls the premutaion mansger that one way to get Irom sound offPirstsound

to sound offPostSound iw vis pWord.

/

atatic vold TroiWordout{PossibleMord *pWord} {
char Butt [2561)
iot 1dxBufz=0;
unsigned char Wordpata(256];
unsigned char “pWordData;
unxigned short Flags;

1dxBuff = waprintf(Buff, *id<kc-T, pMord (char)p!

idDict+*0%) s

for - Mord {p!
pMozdDatas

pDict,

1

rlags = ¢{(unaigned short *)EMordDatalll}s

14xBuff = waprintf(

&Bufe [idxRuff], ®kska®, kMordData(3], (Flags & LAST_WORD ? *>" :

]
}

idxBuff +e waprintf (kButf[idxBuffl, *sd °, pWozd->affLantSound) s

DabugOutput (DB¥_TRACE, Buli])

P

4, pHoxd->pDict);

/
Search¥orSound

For sach poxsidle word, smemzch the phonetic dict for the naxt sound,
atart frca the end of the list, because new possible words are

appendad at the snd of the list, we doa't want to

arch the new ones

added this Tound yet, thiex first time will come on the aext souad

stutic int /*OKI=0%/ SearchForSawnd (

unsignad char Sound,
unsigned offSound
1 {
PaszibleNoxd =pNoxd=NULL)
DictContext *pbict;
DictContext CurzDicts
int
int LHordround,

it {(pWord = Troi.pPiratActiveNord)=eNULL} {

2 '
BXordfoundAnywheres¥ALSE;

pword - tizst_in_list(Troi.pPossibleWordList),

b

tor 1
[
pWord ik pWord->offFiratSoundcsoffSound;
piord = mext_in list(prord)

» L

if (IpNord->b¥inished && d

- P

i€ {Troi.pFiratActiveWord=sKULL) {
Trol.pFirstActiveNord = pWozd;

}

/{ get the place in the phnnetic trae to search this time.
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phict = pWord->pDicts

. Trae{

// meaxch tha phonetic dict
phict, Sound, Normal¥apb, &CurrDick, %fWordFound

b2

if {fSoundrowad) { // sound was found, save the info
pNord-soffLast8eund++3
bSoundroundinywhere = TRUE;
pamcpy{pPict, ECurrDict, sizeof (DictContext));

// after a word has baen found, setup
// & pav po’sibla word te start with
// tha pext sound
12 (gwordround) {

Txos
bXord¥oundinywhe:
pHord->cHardroundees
TroiNordadut(p¥ard) s
}
} e1sm {
pMord->b¥inished = 1;
//leave thiz node in tha tres for now
1f (Tros.p¥iratActiveWord«wpWoxd) {
//but we Gon't Seed to look at this any more
Troi.prirstictiveVord = WULL;
}
}
}
}
iz It {

pword = IsitPoasidlemords (offSoundslly
if (tbscuadroundanywhers) {
//thera aze no poasible ways to get to this sound
Trod {Troi tHord )y

Troi,idxPotlastword = offSound+ls

}

4¢ (Troi.prirstactiveNordeaXuLL) {
Troi.prirstictivenard = pW¥ord;

)

return bSoundroundAnywhere,

/
TroiUsenthbict
Tell Trod to use i..Nth dictiocoazies

static int /vOK1.0*/ TroiUssNthDict (imt W)
ing i, RetVals=s;
PomaibleNord “pWozd, *plast;

POSSIBLE *pPascii;

if (N <e count_in_list(Troi.pdictlist)) {
//Bzesat Troi state
Trol.ldxpostlastiord = &)
Troi.pFixstActiveWord - KULLy
pwoxd = last_im 1ist(Troi.pPossiblemordriist))
4f (Troi.numDictalzUse > N) {
while (pMozd) {
iz (pword->idoict > W} {
free {pWord=>plict},
pWord = prev_in_list({plLast=pHord),
removs_trom list{Troi.pPassibleWordLisk, pLast):
} else {
pMoxd « prev_in listipLastsp¥ord);

}

Troi.pwaDictsInUss « N;
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p¥oxrd » first_in_list(Trei.pPossibleMordList);
while (pword) {
InitPossibleNords (pHord->offPirstSaund))

do {
pword = next_in_list(pLamtepMord);
} vnile (pWord && pWord->offFi P
}
for (
10, pPasciiefivst_in_list({Troi.pPasciilist):
pERscil;
le¢, pPasciienaxt_in_list(pPaseil)
' {
1if (SeaxchPorSound (pPasciilol.p, 11} {
Retval = 1;
)
#ifde? DEBUG
Showdounds (};
H¥endit
]
}
Teturn RetVal;
}
/
TroiUssNexthict
Tell Troi to use one more dictionsry than it currently is
7
iot /*OXls0%/ TroiUseMextDict (voidi {
return TroiUseNtuDict (Trol,numDictaInUse+l);
}
#i£ 0
/
OutputNords
Pasw on the possible worda
/

static vaid OutputWords (

idbiee. i

v {

unsigned chax

*pDicT, char *+pBuff, imk *plenBuff

warddata (2561

igned char
unsigued short
int
iat

wvord{s)

Flagss
Countm0, ddxCount, idxlemcStringl;
lencstring?)

/¢ output the

wspriok? (ErrorBuff, "<ke-®, (char)idDicts’a'l;

TRACE, s

Ad4AToBur? (pBuff, plenBuzf, &idbict, sizect (unsigned));
idxCount = AddloBuff {pBuff, planBuff, WULL, sizeof({int)):
for (pWordData = GetFirstPhoalcWozrd (pbict, &WordCntxt, WordData):

terminating \0

pHordData;
Countss, . (pDict,

Ylags = *({unsigned short *)&NordDatafil);

{Bx: Xzt [3), (Flags & LAST WORD ?
DabugOutput (DBF_TRACE, XrzorBuff}; !
idxlencStringZ = AddToRuff(

pAuff, plenBuff, NULL, sizeos(unsigned char)

1
lencStringZ = strlent(char *)&WordData(i]}+1;

AdaToBuff({pBuff, plenBuff, &WordData(l], lencstringZ);
«(unsigned char *) (*pBuff + idxlencStringZ) =« (unsigned char}
sizeot char) + 1
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®(int %) (*pBuLf + {dxCount] = County

SouccTaTrod
A single sound (PAgcil code) in a Niggins atructure is passed in to
Dbe searched for in the phonetic dictiomary

/
void SouvadToTroi (
struct XIGGINS “pHiggins
Vo
POSSIALE “pNewPascily
/7 float Contidance;
unsigned char Sound;
if pascit[0) .p &k pescii(0] .preias) {
pRewPascii = append to_list(Trol.pPasciilist),
wecpy ! 1 pawcii, sizeof - i),
Souna = pNewPasciild].p
174 Confidence = pMewPascii(0].c

kifdef DEBUG
weprintf (ErrorBuff, "+%c+\n®, AsciiCode(Sound]),
(DBY_TRACX, 1

#fandif
SearchPorsound (Sovnd, Trai.idxSoundss);
¥i2def DEBUG

ShowSounds{) ;
$endit
}
}
/
AcceptMordsYromTrol
Tall txoi that wa bave found the word comhipation that we want f£or the
naxt cSounds NIGGINS struts. Troi will here-in free up all dats that it
has geaerated to intexpet thess sounds.
7
void {dot {
ie (
Trai.pPirstactivetord
£ di i,pFd
1 {
Removalaad¥ozrds (cSoundads
Troi.idxPostlastMord -= cSounds;
Trol.pPirstActiveNord « NULL;
Troi.idxSound -« cSounds;
)} aima {
DebugCutput (CHP_ERROR, "In call to AcceptSoundsTroiDetermined(}.®):
}
}
$ir 0
/
GetWordsFromTroi

returns the Fath to the ezd of tha detsrwined words

path elment *GatWordsFroaTrol (void) {

returs P ]

Sandif

/
GivePhonama¥ileToTrol .

Iz an al to [t 20 that & ls can be used

85 input vs. a list of HIGGING structs oz davelopment -
»e /
void GivePhonemePilaToTroi (woid) {
struct HIGCIRS Nigginss
FILX “prile;

- Page 334 - Docket No

. 13217.2



WORKMAN, NYDEGGER & SEELEY

A PROFESSIONAL CORPORATION

ATTORNEYS ATLAW
1000 EAGLE GATE TOWER
60 EAST SOUTH TEMPLE
SALT LAKE CITY, UTAII 84111

14

15

20

21

22

23

24

25

26

567

5,640,490

unsigned char Lina[258)

path_elmsnt <pParms;

iae cSounds;

char Buff (10241,
asnset {LEigginy, 0, sizeof(Higgins)),

Riggiza.pesciil0).c = 1.0;

568

pFile » fopen((const cbar *)AppOpts.szFhoceneFile, °r=);

tgets((char *)Line, sizeof{lina}, prilels
while (I1Zeof(prila)) {
unsigned char *pSouad;

& *pSound t= *\n';

Biggins.pesciil0).p = PAsciiCoda(vpSaund]s

for {
pSound = Line;
*pSound && *pSound 1= ')*
pSound++
[
SeundToTrol {kEiggins))
}

fgets({(char #)Line, sizeof(Line). pFile};

}

Biggina pasciif0).p = O:
SoundToTrol (kEigging),
TroiUseNextbict{) )

#1rder DERUG

8nowSounds()

Showkdgas{) ;
Yandif
ie 0t (111=0) {
pFerns = GetScundwParsdanDeterzined{cSounds) s
if (BuildParsdspButf (pParms, Buff)) {
SendCom$tr (Buf?);
DebugOutput (DBF_TRACE, Buff))
}
‘ i
IZs ReleasaParms (pParms] )
}
#ifdef DENUG
StowsScunds();
Sendit
Zalose{prila};
ResotTroii};
¥ifdat DEBUG
ShowSounds ()7
$andif
1
/
Qivs TOTrol

Is an the main entery point. It is used to giva a list of HIGGING structs

to troi.

void GiveToTrol (struct RIGIINS “*pfrmatare) {
atzuct BIGGINS *framex+pfrmstart;

#1120

path_elment

int
$endit

/10
*prerms)
eSounds;

if (AppOpts.DestID <= DRIT_PRONTMEFILE) {
while {(frame} {
fprintf (g_fpPhonamaPile,

¥ifdef DEBUG

#endif

*%c\n*, AsciiCode(frane->pasciil0].pl);

s "+%cs\nt, A 1z P

1400] .91} s

DabugOutput (DBF_TRACK, ErcorBuffl)

frame e« Irame->next;
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} olze {
while (frame) {
ScundToTxoi (frame) )
frama = frame->next;

}
#Hf @ e
i ¢ [{RR TN
pPerss = )a
)e
RaleasePerus (DFerms) )
dendif
}
}
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VBDSPIN.C

Desc: This file contains the routina the handshakes data across
from the DSP.

IREF HiggBuffers, NumBufZfers

INCLUDE voicebox.h

BuffCount DS.¥

READ_DSP:

prevruss pirst save ragisters I sm going to use. *

MOVEM.L

NOVE.L
NOVE.L

NOVE. %
ASL.L
MOVE.L
ADDQ. ¥
WOVE, N
CHP. ¥
LT
Kove.w
RDSP_10:

o

AO-AL/PO-D2, - (A7)

#DSPEaza, A0 ) Set up pointer to the DSP

Riggluffeca, Al } Get base of array that contains pointers
+ to the allocated buffers

Buffconnt,nl 1 Gab nuwhar of the buffer

#2,00 ; ¥ult DO by 4.

(0, AL.DO.W) . AL 1 Pointer to frea buffer

” ’ the number Gf ths buffer

BuffCount, DA 7

Nun¥utfers.DU H

EDSP_10

#0,BuffCount 7 et to first buffer

At this point AR poiats te the base address of tae DSP.
and Al points to tha location io memory whare the data should go.

) Hexe wa resd the typs of function mnd then tha oumbar of items to be pazsed

MOVE.B
CHP.3B

CLR.L
HOVE.B
ASL.L
MOVE.L

DSP_RXE{A0},D1 ) Gat funetien
4HIGG,DI s Is it higgin structs?

ROSP_30 ) Hope, S0 wve eat it,

ni

DSP_RXX (A0}, D1 3 Gat first Byts of the length
#3,01 3 ¥ova it to the naxt byte
DIP_RXL (A0}, 21 3 Gat Second byte.

5 Now we turn off the DSP RXDF iaterrupt while we read the data.

AND.B

4-RREQ, DSP_ICR(AD)

J Mow we read the data from the DSP

RDSP_20:
KOVE.B
BIST.R
BEQ
CLR.L

DSP_ISR(AD),DC ¢ Read ths status registar to see if
#3XDP, DD ; thers is date ready.

RDSP_20 1 Wait until datz ready

D2

- Page 337 -

Docket No.: 13217.2



WORKMAN, NYDEGGER & SEELEY

A PROFESSIONAL CORPORATION

ATTORNEYS AT LAW
1000 EAGLE GATE TOWER

60 EAST SOUTH TEMPLE

SALT LAKE CITY, UTAH 84111

10

20

21

22

23

24

25

26

573

5,640,490

MOVE.B  DSP_RXK(AQ),D2 1 Read the uppex bytw,
ASL. W 48,02
NOVE.P DSP_RXL(A0) D2 ) Read the lower byte
MOVE.X D2, (Al}+ ; Write the byte out
DERA D1,RDBR_20 ) Do thix until DO = O
B3A RDSP_999
®OER_ 30:
B
s Herm we ait 8)) of the data and throw it in the bik buckat
MOVE. B DSP_ISR (A0} ,DO 1 Bead the status register to see if
BTST.E ARXDF, DD ; there is date ready.
X0 RDSP_20 1 Wait until dats Teedy
cLR.L D2
XovE.B DSP_RIL(AD} D2 ;) Read the lowex byte
DBRA D1,XDSP_20 : Do this until DO = O
RDSP_999
oR.¥ ARREQ,DSP_XCR(AO} ; Turn the interrupt back on,
MOVER.L  {A7}4,A0-A1/D0-D3 ; Restore the regs.
RTE 3 Rutura from cur intezrzupt.
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VBSCEED.C3

/
SCRID.C
Dexc: Thisz file contains the code that manages control

of the *XLROND* and "TROI® modulex of the voicebox

#include <stdio.h>
#include "voicebnx.h”
#include "vbutils.h®
#include *dsp.h*
#include "higlist.h®

iat Bufferrlag, NueBuffars, CurBuffer;
struct HIGAINS *Buffers[MAX _BUFFERS]:

void Scheduler{ void )

4

struct HIGGINS *Higg:
int x, b, Mritesdtrobe,
unsigned char *Diag = DiagPort;

kifdef LIRG TRST
unsigned int BasebLineRigg:
long Teu
unsigned int Data;

danair

/*% First thing we do is sllocat the buffers for the dats from the
DEp weew ’

Ty

BufferFlag = 0y

foxlx = 0; X <« KAX_BUFFERS; X44)

{
Bufferalx] = malloc(ADFFSIZE]:
if{tBuffarsix]) /¢ pidn't allocate, 20 now we desl */
{
bresks
}
}

/%** At this point x is the nunber of buffers allocatad #%+/

df(x] /% i x 48 0 then we have a big! problem ¢/
{
RumBuffers « x;
}
<lse
/* Output ths mrrar to the Diagnoatics port and then lock up */
“Diag = MEMORY_ERROR;
while(l)s
}

CurBuffer = O;

/«*** Hexa we would astart the DSP *+e/

b =01
da {

#ifdef LING TRST
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/**** Hers we read the phonems file from the COX port **+/
Len = TranslLen(); /" Get langth of data to transfer */

BasaliveRigg - Buffers(b):
WriteStrobe = 1,
Data = 0;

for(x =0) X < Len: x++)
{ '
whilet{c = fgetc{stdia}} == XOP), /* Waik until character */
Data <<= 8
Datx +» {unsigned charles
¥ritaStrobe ‘s 1;
if (WriteStxcbe)
{

*Basalineligg++ = Datar
Data = 0;

Buffexrflag++)

$andif
while(i3ufferrlag); /* Wait until there are duffers */

Jeeeww OF, now we must have date *e+v+/

/** Xow we must ralick the list **/
Eigg « Buffarsinl,

Higg->prev = NULL;
Rigg->next = (char *)Eigg + sizecf (EIGGINS):
Rigg = higg->next;

for { x = 0) X < 38 x++ )

{
Eigg->prev = {char *)Kigg - 3izeof(EIGGINS))
Eigy->next e {char *)}Kigg + sizeof(EIGGINS);
Bigy = Higg->next,

}

HEigg->prev = (cher *)Higg - mizmof (AIGGINS);

Higg->next s NULL;

#ifndef LING_TEST

sreProcessBiggins (Buffers [b++4])) /* Procesa Miggins structs */

delsn
GivaToTrol (Buffers[b++]) /* This is for testng purposes */
Hondif
BufexFlag-- /*** Show that a buffer has been used **+/
if(b w«= NumBuffers)
{
b = Dy
}
} while {1y
}
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#includs <atdio.bh>

/
Translen
Desc: Gets the nunber of bytes that will be transfered

after the 4 byts len valus.
!

dnt TransLen( void )

{
long Datay
iot e, %)
Data = 0;
gorix = 0y X < 47 XH+)
{
while({c = fgatc{stdin)) == KOFl; /* Wait for a byte */
Data <<u &)
Data +» {unsignad charjc)
}
zeturn{Data);
}
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What is claimed and dcsn"ed to be secured by United
States Patent is:
1. A sound recognition system for essentially real-time
identification of, and in an essentially speaker independent
manner, phoneme sound types that are contained within an
audio speech signal, the sound recognition system compris-
ing:
audio processor means for receiving an audio speech
signal and for converting the audio speech signal into
a representative audio electrical signal;

analog-to-digital converter means for digitizing the audio
electrical signal at a predetermined sampling rate so as
to produce a digitized audio signal; and

sound recognition means for identifying phoneme sound

types contained within the audio speech signal, said

sound recognition means comprising:

means for performing time domain analysis on a plu-
rality of segmentized portions of the digitized audio
signal so as to identify a plurality of time domain
characteristics of the audio signal;

means for filtering each of the segmentized portions using

a plurality of filter bands having predetermined high
and low cutoff frequencies so as to identify thereby at
least one frequency domain characteristic of each fil-
tered segmentized portion; and

means for processing said time domain and frequency

domain characteristics so as to identify therefrom the
phonemes contained within the audio speech signal.

2. A sound recognition system as defined in claim 1
wherein the audio processor means comprises:

means for inputting the audio speech signal and for

converting it to an audio electrical signal; and

means for conditioning the audio electrical signal so that

it is in a representative electrical form that is suitable
for digital sampling.

3. A sound recognition system as defined in claim 2
wherein the conditioning means comprises:

signal amplification means for amplifying the audio elec-

trical signal to a predetermined level;
means for limiting the level of the amplified audio elec-
trical signal to a predetermined output level; and

filter means, connected to the limiting means, for limiting
the audio electrical signal to a predetermined maximum
frequency of interest and thereby providing the repre-
sentative audio electrical signal.

4. A sound recognition system as defined in claim 1,
further comprising electronic means for receiving at least
one word in a preselected language corresponding to the at
least one phoneme sound type contained within the audio
speech signal, and for programmably processing the at least
one word as either a data input or as a command input.

5. A sound recognition system as defined in claim 1,
wherein the time domain characteristic includes at least one
of the following: an average amplitude of the audio speech
signal; an absolute difference average of the audio speech
signal; and a zero crossing rate of the audio speech signal.

6. A sound recognition system as defined in claim 1,
wherein the at least one frequency domain characteristic
includes at least one of the following: a frequency of at least
one of said filtered segmentized portions; and an amplitude
of at least one of said filtered segmentized portions.

7. A sound recognition system for identifying the pho-
neme sound types that are contained within an audio speech
signal, the sound recognition system comprising:

audio processor means for receiving an audio speech

signal and for converting the audio speech signal into
a representative audio electrical signal;
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analog-to-digital converter means for digitizing the audio

electrical signal at a predetermined sampling rate so as

to produce a digitized audio signal;

filter means for providing a plurality of filter bands having

predetermined high and low cutoff frequencies through

which segmentized portions of the digitized audio
signal are passed; and

sound recognition means for programmably carrying out

the following program steps:

() performing a time domain analysis on the segmen-
tized portions of the digitized audio signal so as to
identify at least one time domain sound characteristic
of said audio speech signal;

(b) filtering the segmentized portions of the digitized
audio signal through each of the plurality of filter
bands;

(c) measuring at least one frequency domain sound
characteristic of each of said filtered segmentized
portions; and

(d) based on the at least one time domain characteristic
and the at least one frequency domain characteristic,
identifying at least one phoneme sound type con-
tained within the audio speech signal.

8. A sound recognition system as defined in claim 7
wherein the audio processor means comprises:

means for inputting the audio speech signal and for

converting it to an audio electrical signal; and

means for conditioning the audio electrical signal so that

it is in a representative electrical form that is suitable

for digital sampling.

9. A sound recognition system as defined in claim 8
wherein the conditioning means comprises:

signal amplification means for amplifying the audio elec-

trical signal to a predetermined level;

means for limiting the level of the amplified audio elec-

trical signal to a predetermined output level; and

filter means, connected to the limiting means, for limiting
the audio electrical signal to a predetermined maximum
frequency of interest and thereby providing the repre-
sentative audio electrical signal.

10. A sound recognition system as defined in claim 9,
wherein the at least one time domain characteristic includes
at least one of the following: an average amplitude of the
audio speech signal; an absolute difference average of the
audio speech signal; and a zero crossing rate of the audio
speech signal.

11. A sound recognition system as defined in claim 10,
wherein the at least one frequency domain characteristic
includes at least one of the following: a frequency of at least
one of said filtered segmentized portions; and an amplitude
of at least one of said filtered segmentized portions.

12. A sound recognition system as defined in claim 11,
wherein the at least one phoneme sound type contained
within the audio speech signal is identified by comparing the
at least one measured frequency domain characteristic to a
plurality of sound standards each having an associated
phoneme sound type and at least one corresponding standard
frequency domain characteristic, wherein the at least one
identified sound type is the sound standard type having a
standard frequency domain characteristic that matches the
measured frequency domain characteristic most closely.

13. A sound recognition system as defined in claim 12,
wherein the at least one measured frequency domain
characteristic, and the plurality of standard frequency
domain characteristics are expressed in terms of a chromatic
scale.



5,640,490

583

14. A sound recognition system as defined in claim 13,
further comprising electronic means for receiving at least
one word in a preselected langnage corresponding to the at
least one phoneme sound type contained within the audio
speech signal, and for programmably processing the at least
one word as either a data input or as a command input.

15. A sound recognition system for identifying the pho-
neme sound types that are contained within an audio speech
signal, the sound recognition system comprising:

audio processor means for receiving an audio speech

signal and for converting the audio speech signal into
a representative audio electrical signal;

analog-to-digital converter means for digitizing the audio
electrical signal at a predetermined sampling rate so as
to produce a digitized audio signal;

filter means for providing a plurality of filter bands having
predetermined high and low cutoff frequencies through
which segmentized portions of the digitized audio
signal are passed;

digital sound processor means for (a) performing a time
domain analysis on the segmentized portions of the
digitized audio signal so as to identify at least one time
domain sound characteristic of said audio speech
signal, and for (b) measuring at least one frequency
domain sound characteristic of each of the filtered
segmentized portions; and

host sound processor means for identifying at least one
phoneme sound type contained within the audio speech
signal based on the at least one time domain charac-
teristic and the at least one frequency domain
characteristic, and for translating said at least one
phoneme sound type into at least one representative
word of a preselected language.

16. A sound recognition system as defined in claim 15

wherein the audio processor means comprises:

means for inputting the audio speech signal and for
converting it to an audio electrical signal; and
means for conditioning the audio electrical signal so that
it is in a representative electrical form that is suitable
for digital sampling.
17. A sound recognition system as defined in claim 16
wherein the conditioning means comprises:

signal amplification means for amplifying the audio elec-
trical signal to a predetermined level;

means for limiting the level of the amplified audio elec-
trical signal to a predetermined output level; and

filter means, connected to the limiting means, for limiting
the audio electrical signal to a predetermined maximum
frequency of interest and thereby providing the repre-
sentative audio electrical signal.

18. A sound recognition system as defined in claim 15,
further comprising electronic means for receiving at least
one word in a preselected language corresponding to the at
least one phoneme sound type contained within the audio
speech signal, and for programmably processing the at least
one word as either a data input or as a command input.

19. A sound recognition system as defined in claim 15,
wherein the said at least one time domain characteristic
includes at least one of the following: a average amplitude
of the audio speech signal; a absolute difference average of
the audio speech signal; and a zero crossing rate of the audio
speech signal.

20. A sound recognition system as defined in claim 15,
wherein the at least one frequency domain characteristic
includes at least one of the following: a frequency of at least
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one of said filtered segmentized portions; and an amplitude
of at least one of said filtered segmentized portions.
21. A sound recognition system as defined in claim 15,
wherein the digital sound processor means comprises:
5 first programmable means for programmably executing a
predetermined series of program steps;
program memory means for storing the predetermined
series of program steps utilized by said first program-
mable means; and
data memory means for providing a digital storage area
for use by said first programmable means.
22. A sound recognition system as defined in claim 15,
wherein the host sound processor means comprises:
second programmable means for programmably execut-

13 ing a predetermined series of program steps;
program memory means for storing the predetermined
series of program steps utilized by said second pro-
grammable means; and
20 data memory means for providing a digital storage area

for use by said first programmable means.

23. A sound recognition system for identifying the pho-
neme sound types that are contained within an audio speech
signal, the sound recognition system comprising:

aundio processor means for receiving an audio speech

signal and for converting the audio speech signal into

a representative audio electrical signal;

analog-to-digital converter means for digitizing the audio

electrical signal at a predetermined sampling rate so as
to produce a digitized audio signal;

filter means for providing a plurality of filter bands having

predetermined high and low cutoff frequencies through

which segmentized portions of the digitized audio
signal are passed; and

digital sound processor means for programmably carrying

out the following program steps:

(a) performing a time domain analysis on the segmen-
tized portions of the digitized audio signal so as to
identify at least one time domain sound characteristic
of said audio speech signal;

(b) successively filtering the segmentized portions of
the digitized audio signal;

(c) measuring at least one frequency domain sound
characteristic from each of said filtered portions; and

host sound processor means for programmably carrying

out the following program steps:

(a) based on the at least one time domain characteristic
and the at least one frequency domain characteristic,
identifying at least one phoneme sound type con-
tained within the audio speech signal; and

(b) translating said at least one phoneme sound type
into at least one representative word of a preselected
language.

24. A sound recognition system as defined in claim 23
wherein the audio processor means comprises:

means for imputting the audio speech signal and for

converting it to an audio electrical signal; and

means for conditioning the audio electrical signal so that

it is in a representative electrical form that is suitable

for digital sampling.

25. A sound recognition system as defined in claim 24
wherein the conditioning means comprises:

signal amplification means for amplifying the audio elec-

trical signal to a predetermined level;

means for limiting the level of the amplified audio elec-

trical signal to a predetermined output level; and
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filter means, connected to the limiting means, for limiting
the audio electrical signal to a predetermined maximum
frequency of interest and thereby providing the repre-
sentative audio electrical signal.

26. A sound recognition system as deemed in claim 25,
wherein the at least one time domain characteristic includes
at least one of the following: an average amplitude of the
audio speech signal; an absolute difference average of the
audio speech signal; and a zero crossing rate of the audio
speech signal.

27. A sound recognition system as defined in claim 26,
wherein the said at least one frequency domain characteristic
includes at least one of the following: a frequency of at least
one of said filtered portions; and an amplitude of at least one
of said filtered portions.

28. A sound recognition system as defined in claim 27,
wherein the at least one phoneme sound type contained
within the audio speech signal is identified by comparing the
at least one measured frequency domain characteristic to a
plurality of sound standards each having an associated
phoneme sound type and at least one corresponding standard
frequency domain characteristic, wherein the at least one
identified sound type is the sound standard type having a
standard frequency domain characteristic that matches the
measured frequency domain characteristic most closely.

29. A sound recognition system as defined in claim 28,
wherein the at least one measured frequency domain
characteristic, and the plurality of standard frequency
domain characteristics are expressed in terms of a chromatic
scale.

30. A sound recognition system as defined in claim 29,
further comprising electronic means for receiving the at least
one representative word, and for programmably processing
the at least one word as either a data input or as a command
input.

31. A method for identifying the phoneme sound types
that are contained within an audio speech signal, the method
comprising the steps of:

(a) receiving an audio speech signal;

(b) converting the audio speech signal into a representa-

tive audio electrical signal;

(c) digitizing the audio electrical signal at a predetermined
sampling rate so as to produce a digitized audio signal
that is segmentized to form a plurality of separate time
sliced signals;

(d) performing a time domain analysis on the digitized
audio signal so as to identify at least one time domain
sound characteristic of said audio speech signal;

(e) using a plurality of filter bands having predetermined
cutoff frequencies to successively filter the time sliced
signals of the digitized audio signal;

(f) measuring at least one frequency domain sound char-
acteristic from each of said filtered time sliced signals;
and

(g) based on the at least one time domain characteristic
and the at least one frequency domain characteristic,
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identifying at least one phoneme sound type contained
within the audio speech signal.
32. A sound recognition system as defined in claim 31,
wherein the said at least one time domain characteristic
includes at least one of the following: an average amplitude
of the audio speech signal; an absolute difference average of
the audio speech signal; and a zero crossing rate of the audio
speech signal.
33. A sound recognition system as defined in claim 31,
wherein the said at least one frequency domain characteristic
includes at least one of the following: a frequency of at least
one of said filtered time sliced signals; and an amplitude of
at least one of said filtered time sliced signals.
34. A sound recognition system as defined in claim 31,
wherein the at least one phoneme sound type contained
within the audio speech signal is identified by comparing the
at least one measured frequency domain characteristic to a
plurality of sound standards each having an associated
phoneme sound type and at least one corresponding standard
frequency domain characteristic, wherein the at least one
identified sound type is the sound standard type having a
standard frequency domain characteristic that matches the
measured frequency domain characteristic most closely.
35. A sound recognition system as defined in claim 34,
wherein the at least one measured frequency domain
characteristic, and the plurality of standard frequency
domain characteristics are expressed in terms of a chromatic
scale.
36. A computer program product for use in a computer-
ized sound recognition system that is adapted for receiving
an audio speech signal and converting the audio speech
signal into a representative audio electrical signal that is
digitized, the computer program product comprising:
a computer readable medium for storing computer read-
able code means which, when executed by the com-
puterized sound recognition system, will enable the
system to identify phoneme sound types that are con-
tained within the audio speech signal; and
wherein the computer readable code means is comprised
of computer readable instructions for causing the com-
puterized sound recognition system to execute a
method comprising the steps of:
performing a time domain analysis on the digitized
audio signal so as to identify a plurality of time
sound characteristics of said audio speech signal;

performing a frequency domain analysis on the digi-
tized audio signal so as to identify a plurality of
frequency domain sound characteristics of said audio
speech signal; and

based on the time domain characteristics and the fre-
quency domain characteristics, identifying the pho-
neme sound types contained within the audio speech
signal.
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