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Description
FIELD OF THE INVENTION

[0001] The present invention generally relates to non-
invasive diagnosis of diseases for animals, and more par-
ticularly, to a system and method for diagnosis of bovine
respiratory diseases using auscultation techniques. The
acoustic characteristics of recorded sounds are placed
in a digital data format, and then are manipulated in one
or more mathematical operations including an algorithm
to generate a numerical lung score. The lung scores are
compared to existing data that indicate the level of dis-
ease in the observed animal. Diagnosis, prognosis, and
treatment recommendations can also be generated
based upon the lung scores. Embodiments are also pro-
vided for electronic digital stethoscopes having integral
display units that provide a user an indication of the health
of the animal being examined.

BACKGROUND OF THE INVENTION

[0002] Cardiovascular diseases, respiratory diseases,
and gastrointestinal diseases have been distinguished
according to sounds auscultated from the body of a pa-
tient. Based upon measurements taken of the different
sounds, medical practitioners have been able to diag-
nose diseases and proceed with treatments.

[0003] In order to make a precise diagnosis of an ail-
ment based upon auscultated sounds, extensive empir-
ical knowledge of various and diverse forms of auscul-
tated sounds is necessary. Until recently, auscultation
was more art than science since making a diagnosis was
based mainly upon the trained ear of a caregiver and not
based upon measured data from recorded sounds.
[0004] With the advent of digital/electronic stetho-
scopes, auscultated sounds can be recorded in digital
form, and software programs can then manipulate the
data in order to analyze characteristics of the data. From
this analysis, more precise diagnoses can be made
based upon objective criteria and not just upon the trained
ear of the attending caregiver.

[0005] Itis well known to measure auscultated sounds
from humans in order to make diagnoses of perceived
ailments. However, auscultation for animals such as cat-
tle is used infrequently. There have been very few efforts
made to gather data for auscultated bovine sounds for
purposes of making conclusions as to the type of disease
that may be occurring in bovine species.

[0006] Particularly in a feed yard where it is necessary
for cattle to be maintained at an optimum state of health
for the necessary weight gain to occur, it is critical that
sick cattle be identified early for effective treatment and
to contribute to biosecurity. The true state of health for
cattle can be difficult to measure using traditional tech-
niques such as observation of symptoms to include tem-
perature, posture and visual signs (e.g. nasal discharge,
depression, and abdominal fill.). Case definitions for Bo-
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vine Respiratory Disease have traditionally included an
objective minimal rectal temperature and a subjective
clinical score. Clinical trials indicate that objective lung
scores provide stronger correlations than rectal temper-
atures to ultimate case fatality rates, retreatment rates,
and treatment costs. Cattle are visually evaluated when
they first arrive atthe feed yard, and adrenalin associated
with handling can often mask disease symptoms. Steth-
oscopic evaluation of bovine lung sounds can be used
to evaluate the oxygen metabolism potential of cattle dur-
ing various stages of arrival processing. However, be-
cause of the lack of current data in objectively categoriz-
ing bovine lung sounds, there is a need for developing
an automated system and method that can assist a car-
egiver in assessing these lung sounds and making timely
diagnoses.

[0007] Bovine respiratory disease is complex and is
particularly difficult to treat and diagnose compared to
respiratory diseases in humans. The thick musculature
that surrounds the thorax of cattle, the heavy hide and
possible layers of fat, and the breadth of the ribs compli-
cates the use of a stethoscope to obtain sounds that can
be analyzed for purposes of making a diagnosis.
[0008] Because of problems associated with effective-
ly gathering auscultated sounds from cattle, and the gen-
erallack of knowledge as to how to analyze these sounds,
the cattle industry has been slow in developing automat-
ed diagnostic processes that can effectively use auscul-
tated data.

[0009] One patent reference that discusses the use of
acoustics for detection of respiratory conditions is the
U.S. Patent Number 6,443,907. This reference specifi-
cally discloses diagnostic techniques to enable detection
of respiratory conditions within a patient’'s body. Data
gathered from auscultation is compared to reference
acoustic characteristics and/or predetermined threshold
values to determine if an abnormal respiratory condition
is present within the patient. The diagnostic technique
includes the processing of acoustic data by calculating
energy ratios using energy values within high and low
frequency bands, signal time delays, and/or dominant
frequencies; the calculated values are then compared to
predetermined reference thresholds to generate outputs
indicative of the respiratory condition within the patient.
[0010] The U.S. Patent Number 6,520,924 discloses
an automatic diagnostic apparatus using a digital steth-
oscope. The diagnosis is determined based upon a com-
parison of recorded auscultated sounds versus standard
data of auscultated sounds for cardiovascular, respira-
tory, and gastrointestinal diseases. Objective criteria are
used to compare the collected auscultated sounds and
the standard data to enable a medical practitioner to di-
agnose a particular disease.

[0011] Although auscultation has been well developed
for human treatment, there is clearly a need for an auto-
mated process and method that can diagnose bovine
respiratory diseases.

US 2009/0137918, the same applicants earlier published
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patent application, disclose a system which does collect
input relating to a bovine species respiratory diseases
via a stethoscope. The input is then treated by software
comprising an algorithm, by which it is possible to treat
the collected data in order to determine a diagnosis, treat-
ment and project the prognosis for success of the treat-
ment.

SUMMARY OF THE INVENTION

[0012] In accordance with the presentinvention, a sys-
tem according to claim 1 is provided for diagnosing res-
piratory diseases of bovine species. Stethoscopic eval-
uation of bovine lung sounds is used to gather data on
the sounds. Collection of lung sounds is preferably ob-
tained by a digital/electronic stethoscope that is capable
of expressing sounds in the form of a spectrogram. Col-
lected digital data from the stethoscope is manipulated
by computer software that allows real time analysis of
the spectrogram and the diagnosis of an ailment based
upon numerical lung scores that generally categorize the
health of the animal. The lung scores are compared with
threshold levels that generally describe the health of the
animal and can be further interpreted to correspond to a
certain level of disease in the animal. This comparison
may also be used to generate one or more recommended
treatments. The assigning of numerical lung scores to
evaluated cattle is an efficient predictor of respiratory
problems.

[0013] Through extensive data gathering, it has been
found that auscultated sounds from bovine species that
fall within particular frequency ranges provide an indica-
tion of respiratory disease. Assuming that the stetho-
scope is placed at the proper location to collect auscul-
tated sounds, collected sounds falling within these fre-
quencies are converted through a series of mathematical
operations including one or more algorithms to produce
the numerical lung scores. These lung scores then cor-
respond to various levels of respiratory disease and, ac-
cordingly, diagnosis, prognosis, and treatment can then
be pursued based upon the specific lung scores ob-
tained.

[0014] More specifically, it has been determined
through testing that auscultated sounds in a range be-
tween 500 - 900 Hz can be used to generate the numer-
ical lung scores and therefore indicate various levels of
respiratory disease.

[0015] In accordance with the method of the present
invention, the auscultated sounds are collected from bo-
vine species by use of a digital stethoscope that is placed
approximately three inches above the right elbow of the
animal, thereby placing the stethoscope over the right
apical lobe. Sounds can also be gathered on the left side
approximately three inches above the left elbow, thereby
placing the stethoscope over the cardiac lobe. Once the
sounds have been gathered and recorded by the digital
stethoscope, the data is downloaded to a computing de-
vice. The recorded sound is preferably loaded as a .wav
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file. If another file format is used, in accordance with the
present invention, the software is adapted to convert to
the .wav format for processing. A .wav file is an industry
standard waveform audio format that is used for storing
audio on devices such as personal computers. This file
is a variant of the RIFF bit-stream format method for stor-
ing data in groups, and is presently the main format used
on Windows systems for raw audio data. The data re-
corded from the sound is stored in an array in its raw or
basic format. A short-time Fourier transform (STFT) is
performed on the raw data with a selected window size
of approximately 512 data points and an approximate
50% overlap. The window size refers to the amount of
data that each Fourier transform will cover. Each window
is overlapped with approximately 50% of the previous
window to help improve frequency resolution. Because
a Fourier transform functions only with an infinite station-
ary signal, the dynamic signals recorded have to be sep-
arated into many small pieces so that each piece can
represent a stationary value at that time. The window
size selected has an effect on how accurate of a frequen-
cy representation the transform outputs, and a window
size of approximately 512 data points has been shown
to provide the requisite accuracy for purposes of gener-
ating lung scores in accordance with the present inven-
tion. For example, sounds sampled at 4000 Hz by a par-
ticular type of digital stethoscope could contain 8192 raw
data points for every second of recorded sound. The
STFT will take the first 512 of these data points and op-
erate on them. The second sweep, because of the over-
lap, will start at the 256th data point and progress to the
767th data point. This combination of window size and
overlap has been shown to provide a good trade off be-
tween frequency resolution and time resolution.

[0016] Through testing, it has been found that the spe-
cific windowing function may include a Hamming func-
tion. As understood by those skilled in the art, a Hamming
function zeroes the data outside of a specified interval.
Windowing functions are used in shorttime Fourier trans-
forms (STFT)to help combat the problem of spectral leak-
age. The Hamming function has been shown to help cre-
ate better frequency resolution, such thatthe frequencies
contained in the recorded sound can be more accurately
represented.

[0017] The resulting data from each Fourier transform
is plotted on a graph to form data points for a spectro-
gram. In accordance with the present invention, the plot-
ted data creates a spectrogram that is a visual represen-
tation of the recorded sounds in the frequency domain
where the plotted axes are time and frequency. Ampli-
tudes of frequencies between about 500 - 900 Hz are the
mostimportantin terms of differentiating between varying
categories of sounds corresponding to various levels of
respiratory disease. The data is then separated into ten
primary sets or bands, namely, amplitudes between 500
- 540 Hz, 540 - 580 Hz, 580 - 620 Hz, 620 - 660 Hz,
660-700 Hz, 700 - 740 Hz, 740 - 780 Hz, 780 - 820 Hz,
820 - 860 Hz, 860 - 900 Hz..
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[0018] Each frequency band is trimmed to remove the
first and last portion of the recorded sound. The trimming
function can be achieved through the use of a user se-
lection screen in a computer software program that gen-
erates a spectrogram of the recorded sound. The user
can manually trim the applicable first and last portion of
the recorded sound by viewing the recorded sound in the
spectrogram and using the prescribed software function
to remove the desired portions of the recorded sound.
The user also evaluates the recorded sound as a whole
in order that only the pertinent sections of each recorded
sound are selected for analysis, thereby ensuring that
any unnecessary data is not included. For example, with
the use of some stethoscopes, when the stethoscope is
first placed on an animal, a significant popping sound
may be recorded. This popping sound is easily remova-
ble by the user deleting or removing the portion of the
spectrogram that corresponds to the popping sound in
the user selection screen. The resulting frequencies ob-
tained may be referred to as trimmed frequencies. Each
of the ten trimmed frequency bands is then fed to a finite
impulse response (FIR) filter, such as a 125 tap FIR filter
with identical coefficients. For purposes of this calcula-
tion, auscultated sounds over a period of three full res-
pirations of the animal are adequate for effective scoring.
In order to account for differences in the respiration rates
of animals and any noise that may be present, ithas been
found that recording sounds over an 8 second period of
time is adequate. This time frame however can be mod-
ified to account for any unusual circumstances at the time
of auscultation.

[0019] The numerical results of applying each FIR filter
is then used to formulate a calculated numerical lung
score that is compared to established baseline data for
establishing a presumptive diagnosis of disease severity.
[0020] The formula or equation for establishing lung
scores can therefore be expressed as follows where the
X values are the numerical result of applying the FIR filter
in the stated frequency range:

X4, = result of 500 - 540 Hz FIR filter; x, = result of
540 - 580 Hz FIR filter;

X3 = result of 580 - 620 Hz FIR filter; x, = result of
620 - 660 Hz FIR filter;

Xg = result of 660 - 700 Hz FIR filter; xg
700 - 740 Hz FIR filter;

xg = result of 700 - 740 Hz FIR filter; x; = result of
740 - 780 Hz FIR filter;

xg = result of 780 - 820 Hz FIR filter; xg = result of
820 - 860 Hz FIR filter;

X4 = result of 860 - 900 Hz FIR filter;

score =0.205x, + 0.075x, + 0.02x5 + 0.2x4 + 0.35x5
+0.02xg + 0.02x7 + 0.09xg + 0.01xg + 0.01x4,

result of

[0021] The coefficients in the lung score equation were
determined by gathering data on a large number of
sounds, and comparing the sounds to determine if a nu-
merical relationship could be established that correlated
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the results of applying the FIR filter to sounds in the var-
ious frequency ranges with a presumptive diagnosis. The
coefficients were established in such a way that the lung
scores could be calculated in an increasing order from
healthiest (smallest) to sickest (largest), and such that
the lung score categories could be easily divided to cor-
respond to various discrete diagnoses. From this exhaus-
tive data gathering and mathematical development ex-
ercise, the lung score equation was derived.

[0022] Once a calculated lung score is obtained, it is
compared to baseline data in the form of threshold values
that generally correspond to bovine respiratory condi-
tions. These threshold values have been established as
aresult of a number of tests in which the threshold values
consistently show a direct relationship with the state of
health of the animal being evaluated. The threshold val-
ues can be expressed in terms of a Scaled Lung Score
between 1 and 9. These Scaled Lung Scores may be
easier for the caregiver to record and report as opposed
to the actual calculated lung scores. As listed below, a
bovine respiratory condition is indicated as a function of
a range of calculated lung scores and a corresponding
Scaled Lung Score. Thus, the range of calculated lung
scores as they correspond to respiratory conditions and
the Scaled Lung Scores are as follows:

a. Scaled Lung Score 1 (Low Normal) = calculated
lung score between 0-74.5

b. Scaled Lung Score 2 (High Normal) = calculated
lung score between 74.5 - 149

c. Scaled Lung Score 3 (Low Mild acute) = calculated
lung score between 150 - 165

d. Scaled Lung Score 4 (High Mild acute) = calcu-
lated lung score between 165 - 180

e. Scaled Lung Score 5 (Low Severe acute) = cal-
culated lung score between 181 - 250.5

f. Scaled Lung Score 6 (High Severe acute): = cal-
culated lung score between250.5 - 320

g. Scaled Lung Score 7 (Low Chronic) = calculated
lung score between 320 - 400

h. Scaled Lung Score 8 (Median Chronic) = calcu-
lated lung score between 400 - 500

i. Scaled Lung Score 9 (High Chronic) = calculated
lung score between 500 and above

[0023] Calculatedlungscores thatfall close to orabove
these threshold levels of the Scaled Lung Scores indicate
presumptive diagnosis of the corresponding conditions.
For example, a calculated lung score of 175 would indi-
cate a diagnosis of a high mild acute respiratory condition
(Scaled Lung Score 4) and approaching a severe acute
condition (Scaled Lung Score 5). A calculated lung score
of 425 would indicate a median chronic condition (Scaled
Lung Score 8), and one that represents disease of longer
duration accompanied by some irreversible lung consol-
idation. Although the calculated lung scores are provided
in distinct ranges, it shall be understood that calculated
lung scores that fall close to the end of one range and
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the beginning of the next range may be worthy of further
analysis by the caregiver to ensure the assignment of
the lung score is consistent with other symptoms exhib-
ited by the animal. Thus, the general ranges are an ex-
cellent indicators of lung conditions, but some lung
scores may be worthy of additional analysis.

[0024] Additional filtering techniques may be used to
improve analysis of the recorded sounds. Three addition-
al filters that can be used to eliminate interfering sounds
include a heartbeat reduction filter, an adaptive bandstop
filter, and a pop/crackle filter. The heartbeatfilter is based
on an adaptive threshold piece wise interpolation tech-
nique that is used to eliminate the noise associated with
the heartbeat and that can otherwise interfere with re-
corded lung sounds. The adaptive bandstop filter is
based on the same technique as the heartbeat filter, but
is instead focused on eliminating any interference noise
emitted at a constant frequency throughout the recorded
sound, such as the noise generated by a cattle chute.
The pop/crackle filter is used to eliminate any remaining
pops or crackles associated with stethoscope movement
that remain on the user selection screen..

[0025] In accordance with basic functioning of the soft-
ware of the present invention, a user can select a partic-
ular file that corresponds to recorded sound data for a
particular animal taken at a particular time. This file can
include other identifying information such as the location
where the sound was recorded, howitwas recorded (e.qg.,
chute side and type of stethoscope used). Once the user
has selected the particular file, a spectrogram of the
sound along with the score for that sound is shown on a
user interface. The spectrogram may include the use of
various colors thatindicate the amplitudes of the frequen-
cies recorded. Also in accordance with the present in-
vention, the numerical values of the lung scores can each
correspond to one or more diagnoses taken from a da-
tabase of diagnoses, a database of recommended treat-
ment(s) for each diagnosis, and prognoses for improve-
ment based on the diagnoses and recommended treat-
ment(s). Accordingly, the user interface may also display
the diagnoses, recommended treatments, and prog-
noses. The recommended treatments and prognoses will
be generated from the calculated lung scores and other
factors such as age, weight, days on feed, projected mar-
ket date, season, origin history, risk category, and rectal
temperature.

[0026] Also, the spectrograms assist a caregiver in fur-
ther analyzing the particular pathology associated with
the animal since there may be other indications within
the spectrogram that assist the caregiver in making a
diagnosis. For example, comparing the amplitudes of the
recorded sounds during inhalation and exhalation can
also be an indicator as to a particular respiratory condi-
tion.

[0027] With respect to a preferred device for capturing
auscultated sounds from the bovine species, a preferred
device would include a stethoscope incorporated within
a chest piece that communicates either wired or wire-
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lessly with a portable LCD touch screen that displays the
spectrogram/waveform of the recorded sound. The port-
able LCD touch screen could be, for example, a personal
digital assistant (PDA) that contains the necessary soft-
ware to generate a screen display with the spectrogram
of the recorded sounds. As discussed below, it is con-
templated within the present invention that the user has
the option of filtering extraneous data from the recorded
wave forms so that the wave forms reflect accurate data
corresponding to the actual sound emitted from the ani-
mal.

[0028] In another embodiment of the invention, an
electronic digital stethoscope is provided with an integral
display that enables a user to view the lung score directly
on the device or to view some other visual indication of
the state of the animal’s health. In one aspect of this
embodiment, itis contemplated that the stethoscope has
a wireless capability to communicate wirelessly with a
remote computer. The computer receives a digitized lung
sound from the stethoscope. A selected algorithm is ap-
plied to this digitized data on the computer, and a lung
score or some other tangible output is produced that pro-
vides an indication of the animal’s health. This output is
then sent wirelessly back to the stethoscope for display
for the user. In another aspect of this embodiment, it is
contemplated that the digital stethoscope itself may in-
corporate a microprocessor, associated memory, and
software or firmware that is capable of generating the
lung score or some other output indicative of the health
of the animal. Thus, the sounds recorded by the stetho-
scope are manipulated by the microprocessor to gener-
ate the lung score output or another output indicating the
animal health, and a remote computer is not necessary.
[0029] In lieu of generating a lung score, other indica-
tions or outputs that can be generated for the user may
include a message or report that summarizes the per-
ceived health of the animal as judged by the algorithm(s)
applied to the recorded lung sounds. Forexample, a mes-
sage can be produced on the integral display of the de-
vice that lists the health condition of the animal (e.g., mild
acute, acute, etc.), along with a recommendation for
treatment such as a dosage of medication. It is also con-
templated that the health history of the animal can be
considered with the generated lung score/recommenda-
tion so that if a medication is recommended, it takes into
consideration prior medications received, if any, or other
conditions of the animal that may prevent or limit the an-
imal from being prescribed medications at that time.
Thus, each individual animal would be first identified by
the animal’s tag, and the recorded sounds would be add-
ed to a data file on the remote computer and/or the inte-
gral microprocessor memory. After generation of the lung
score or health output, the message generated for the
user would first take into consideration other recorded
factors such as the health history of the animal which
may affect the recommended treatment.

[0030] Inanotherembodimentofthe presentinvention,
a system is provided in which a number of other field
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devices are capable of communicating with the stetho-
scope and with the remote computing device for gather-
ing extensive data regarding the animal and for providing
predictive health observations to a caregiver. For exam-
ple, other field devices that could be associated with the
sound data recorded by the stethoscope include weigh
scales, temperature probes, RFID readers, and other di-
agnostic equipment. In this system, it is contemplated
that wireless communication takes place between each
of the field devices and a designated remote computer.
Once the electronic digital stethoscope is activated for
obtaining lung sounds from an animal, the stethoscope
queries or searches for other field devices that have been
used to record information about the animal being exam-
ined. If there is a field device(s) present that has been
used to obtain other information on the animal, data from
each of these field devices and the stethoscope are sent
wirelessly to the remote computer. This comprehensive
and integrated data can therefore be recorded together
for immediate use by the user in which the remote com-
puter or other selected display devices such as personal
digital assistant can be used to display the integrated
data to include a lung score, a health report, or some
other tangible indications of the health of the animal.
[0031] In yet another embodiment of the present in-
vention, a wireless audio digital recording unitis provided
that has the same functionality as the digital stetho-
scopes described above, but this recording unit provides
a convenient means to record sounds through the use
of a multi channel microphone in the form of a curved
paddle shaped device. More specifically, the recording
unit includes a conforming curve shaped recording pad-
dle thatis shaped to generally match the curvature of the
chest area of the particular animal in which the device is
to be used. The recording paddle can be secured to a
pole extension that is held by the user enabling the user
to be positioned at a further distance from the animal as
compared to use of a traditional stethoscope. In the case
of livestock held for examination in a cattle chute or some
other confined space, caregivers with traditional stetho-
scopes are required to reach into the chute to place the
stethoscope against the animal. It is well known that
movement of the animal within the cage can seriously
injure the caregiver who may have an appendage that
gets trapped within the cage.

[0032] Although embodiments of the invention are di-
rected to auscultation analysis for bovine species, the
invention is equally applicable to other animal species to
include, without limitation, swine, sheep, horses, dogs
and cats. Algorithms can be generated for each species
to determine threshold values that correspond to the
health status of the animal.

[0033] Various other features and advantages of the
present invention will become apparent from a review of
the following detailed description, taken in conjunction
with the drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0034]

Figure 1 is a schematic view of a prior art system;
Figure 2 is a schematic diagram of a bovine specie
showing a preferred location where auscultated
sounds are gathered, such as by an electronic steth-
0Scope;

Figure 3 is an example spectrogram showing normal
lung sounds for bovine specie;

Figure 4 is another spectrogram illustrating bovine
lung sounds, categorized as mild acute;

Figure 5 is another spectrogram illustrating bovine
lung sounds, categorized as severe acute;

Figure 6 is another spectrogram illustrating bovine
lung sounds, categorized as chronic; and

Figure 7 is an example user interface screen show-
ing a spectrogram, the calculated lung score corre-
sponding to the spectrogram, a diagnosis, and one
or more recommended treatments.

Figure 8 is another example user interface screen
showing the spectrogram of Figure 7, wherein a user
has trimmed frequencies that correspond to noise or
other interfering frequencies not related to the tar-
geted auscultated sounds of the animal; and
Figures 9A and 9B illustrate a flow diagram of a
dynamic treatment matrix that provides a recom-
mended treatment based upon consideration of a
number of factors to include lung scores.

Figure 10 is a plan view of an embodiment of the
presentinvention, namely, an electronic digital steth-
oscope with an integral display;

Figure 11 is an enlarged plan view of the integral
display of the device of Figure 10;

Figure 12 is a system diagram for another embodi-
ment of the present invention that provides intercon-
nectivity between various field devices and the digital
stethoscope in order to gather a wide range of data
simultaneously enabling comprehensive information
to be made available forimmediate use by a caregiv-
er;

Figure 13 is a fragmentary top perspective view of
a wireless audio digital recording unit in accordance
with another embodiment of the present invention;
Figure 14 is areverse perspective view of the device
shown in Figure 13; and

Figure 15 illustrates use of the device of Figure 13,
for example, to obtain lung sounds from an animal
in a livestock chute.

DETAILED DESCRIPTION

[0035] Referring to Figure 1, a prior art system 10 is
illustrated. An electronic stethoscope 12 is used to gather
lung sounds 14 from the animal. The stethoscope 12 de-
tects the sounds, and the sounds are then downloaded
in digital form to a computing device 16. The computing
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device 16 can take a number of forms, such as a stan-
dalone personal computer, a portable computing device
such as a personal digital assistant (PDA) The computing
device 16 includes a conventional microprocessor for
manipulation of computer-coded instructions in the form
of the analysis software 20. One or more databases 22
accessible by the computing device stores the digital
sounds. A user interface such as a monitor 24 allows the
user to view the gathered data, to include a spectrogram
that may be generated by the analysis software 20 indic-
ative of various attributes of the recorded sound toinclude
frequencies, amplitudes, and other attributes that are re-
corded over time.

[0036] The auscultated lung sounds 14 are obtained
from the animal in accordance with placement of the
stethoscope at designated locations on the animal. Re-
ferring now to Figure 2, a bovine 30 is illustrated with the
lungs 32 located at a central region of the body. In this
figure, the apical lobe 34 is the preferred location where
the sensing device of the stethoscope is placed. As
shown, the apical lobe 34 is covered partially by the fourth
rib 36. The circle 38 illustrates the preferred location
where the stethoscope should be placed, which is ap-
proximately three inches above the right elbow 39. With
respect to placement of the digital stethoscope, the area
38 has been shown to be an optimum area for data gath-
ering. The Bovine species possesses an extra lobe in
their lungs compared to other animals such as humans,
referred to as the right apical lobe ventilated by the most
anterior accessory tracheal bronchi, making the apical
lobe most susceptible to acute aerogenous pneumonia.
If auscultated sounds are to be gathered from the left
side of the animal, then the preferred location for place-
ment of the stethoscope is approximately the same, i.e.,
three inches above the left elbow that results in place-
ment of the stethoscope over the cardiac lobe. However
on the left side, positioning the stethoscope between the
fourth and fifth ribs may provide a better position for gath-
ering the sound. Given that bovines stand on all fours,
respiratory disease is typically aerogenous in origin and
tends to concentrate first in the apical lobe, progresses
to the left cardiac lobe, and then ventrally to the additional
lung field. Once the stethoscope takes the recorded
sound, this data is then transferred to the computer 16
in accordance with known data transfer techniques. Pref-
erably, the recorded sound taken by the stethoscope is
a .wav file. Once the data is loaded and stored in the
database 22, the analysis software 20 performs certain
manipulations of the data in order to generate a number
corresponding to a calculated lung score 70 as discussed
below.

[0037] An algorithm is applied to the data within
the .wav file in the form of a short-time Fourier transform
that is performed on the raw data with a window size of
approximately 512 data points and an approximate over-
lap of 50%. A Hamming function can be used as the win-
dowing function. As discussed below with respect to Fig-
ures 3-7, the resulting data from each transform is plotted
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to form data points for a spectrogram that may be viewed
by the user.

[0038] From various investigations, it has been deter-
mined that amplitudes of frequencies between 500 - 900
Hz represent those data points that can be numerically
manipulated within an algorithm to indicate various levels
of disease within an animal. As mentioned above, the
data can be split into ten basic sets or bands, namely,
amplitudes from 500 - 540 Hz, 540 - 580 Hz, 580 - 620
Hz, 620 - 660 Hz, 660 - 700 Hz, 700 - 740 Hz, 740 - 780
Hz, 780 - 820 Hz, 820 - 860 Hz, and 860 - 900 Hz. Cal-
culations are made to then determine the calculated lung
scores 70. The resulting scores are compared to estab-
lished baseline data 74 that indicate some level of dis-
ease within the animal. As also mentioned in the Sum-
mary, Scaled Lung Scores can be used that correspond
to ranges of the calculated lung scores to assign diag-
noses for the level of disease within the animal. Recom-
mended treatments may then be established based on
the diagnoses. The diagnoses and treatments may also
be stored in the database 22 wherein the diagnoses may
be listings of particular lung ailments, and the treatments
may include descriptions of various medications to be
administered to the sick animal.

[0039] A perfectly healthy animal will ideally have little
or no sound generated within the targeted frequency
range and, therefore, a calculated score of 0 or a value
much less than 75 would be calculated. Variation of lung
sounds in normal cattle does occur and these variations
are subject to a number of factors to include biological
variation, digestive function, and immune status. Accord-
ingly, itis also contemplated that the specific lung scores
assigned to the various diagnoses can be shifted to ac-
count for any systemic variations that may occur in a
group of animals. For calculated lung scores of approx-
imately 150, the diagnosis will be low mild acute (Scaled
Lung Score 3), indicating the presence of edema and
exudates accompanied by reduced airflow through still
functional tissue. These changes are very dynamic and
have the potential to quickly become more severe in the
absence of therapy and conversely, the animal’s condi-
tion could dramatically improve in the presence of appro-
priate therapy. For calculated lung scores that occur be-
tween 0 and 149, there is considerable discretion by the
caregiver to determine whether the animal has respira-
tory disease of any concern. Other factors may be ana-
lyzed, to include whether the animal has other signs of
disease such as a temperature, depression, nasal dis-
charge, etc. For calculated lung scores that reach 181,
again through testing, it has been shown that these an-
imals certainly have a level of respiratory disease that
should be treated. Accordingly, at 181, the severe acute
diagnosis is made which further indicates severe inflam-
matory responses including edema, effusion, and early
consolidation in airways and alveolar spaces that is dras-
tically reducing the efficiency of respiration. These cases
deserve aggressive therapy, supportive care, and are at
greater risk to require further therapy. For calculated lung
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scores that may fall between 150 and 181, the caregiver
has a certain amount of discretion in determining the ac-
tual disease in the animal, and further evaluation of the
animal can take place to confirm the nature of the dis-
ease. For calculated scores that reach 320, a chronic
diagnosis can be made and some amount of nonfunc-
tional lung tissue is typically involved in irreversible con-
solidation, coagulative necrosis, and possible abscess
formation. For calculated lung scores falling between 181
and 320, again the caregiver has certain discretion in
determining the actual nature of the respiratory disease
occurring within the animal. For calculated scores above
320, ithas been shown through testing thatthese animals
have suffered some degree of irreversible loss of respi-
ratory function that will decrease performance potential.
Therapies depend on the percentage of lung involved,
and the therapies are aimed at salvaging normal tissue
and reducing abscess formation. Optimum treatment re-
sponse and prudent antibiotic use depends on matching
lung pathology associated with particular lung scores
with pharmokinetics of antibiotics and ancillary drugs
generated by a dynamic data base.

[0040] Now referring to Figure 3, an example spectro-
gram 40 is illustrated which corresponds to a spectro-
gram that may be viewed by the user on the monitor 24
as a result of the analysis software 20 generating the
spectrogram based upon data gathered from various ob-
servations. In this Figure, the spectrogram 40 includes
data plotted as a function of the frequency of the sounds
42 over a period of time 44. More specifically, the fre-
quencies are plotted in increments of 250 Hz, and sound
is plotted over seconds. As shown in this Figure, the data
points 46 show that there is only one occurrence of a
sound that is above 500 Hz, therefore indicating a gen-
erally healthy animal. In this example, after application
of the mathematical operations/algorithms, the diagnosis
would in fact be normal. At the .80-second data point
there is a single spike 47 that is greater than 500 Hz;
however, this particular data point may be attributed to
noise, such as background noise or even perhaps the
heartbeat of the animal. Since this one data point is not
repetitive over time, this data point can be ignored. In
any event, even when this single data point is included
in the data manipulated by the mathematical opera-
tions/algorithms, the lung score would still be near zero,
therefore indicating very little lung pathology. The trim-
ming function described above can remove much of the
irrelevant background or environmental noise, such as
pops or clicks generated from the stethoscope. A heart
beat filter can reduce any existing heart beat noise, and
constant noise at a particular frequency can also be re-
moved using the noise filter. As mentioned, itis preferable
to apply selected filters to eliminate as much noise as
possible, such as background noise created by a heart-
beat. This spectrogram may also be illustrated in color
where volumes of the plotted frequencies correspond to
particular colors.

[0041] Referring to Figure 4, another spectrogram 40
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is illustrated in which the amplitudes of the frequencies
include a few data points 48 that fall between 500 and
900 Hz. After application of the mathematical opera-
tions/algorithms, this spectrogram is exemplary of one
that could indicate a mild acute diagnosis. Since a car-
egiver does not have to make a diagnosis by merely look-
ing at the spectrogram, the degree of subjectivity in mak-
ing the diagnosis is greatly reduced therefore resulting
in much more accurate diagnoses based on recorded
data.

[0042] Referring to Figure 5, the recorded sound
shown in the spectrogram 40 is an example of one re-
sulting in a severe acute diagnosis after application of
the mathematical operations/algorithms. As shown, a
number of additional data points 50 in this spectrogram
fall between 500 and 900 Hz as compared to the data
points 48 in the spectrogram of Figure 4.

[0043] Referring to Figure 6, yet another spectrogram
40 is shown illustrating a situation in which a chronic di-
agnosis can be made as reflected in the marked increase
in the amplitude of the upper frequencies. As shown,
there are many data points 54 that occur above 500 Hz
that for each breath of the animal. After application of the
mathematical operations/algorithms, this spectrogram
indeed would resultin a lung score corresponding to the
chronic diagnosis.

[0044] As mentioned, in order to provide the most re-
liable sets of data to include the capability of visually dis-
playing data in the form of spectrograms, it may be nec-
essary to apply certain filters to the gathered data to elim-
inate various sources of noise. As mentioned, filtering
techniques may be used to improve analytical data.
These filters may include a heartbeat reduction filter, a
pop/crackle filter, and a noise filter. All three filters will be
based on an adaptive threshold piecewise interpolation
technique. The heart beat filter will be focused on detect-
ing periodic high amplitudes in the 0-250 Hz frequency
range. The pop/crackle filter will be focused on periodic
extremely high amplitudes in the 500 -2000 Hz range.
The noise filter will be focused on continuous high am-
plitudes in the 500 - 1000 Hz range. Whenever a section
is detected by any of the filters, itis removed. The missing
data is filled in by a linear interpolation. Unlike the col-
lection of human sounds that may require a large bank
of microphones to collect sound, assuming the electronic
stethoscope is properly placed; diagnosis and treatments
with the present invention can be accurately predicted
by use of a single stethoscope. The Fourier transform
brings the collected data into the frequency domain,
thereby allowing the analysis software to determine
which frequencies are contained in the sound and at
which volume those frequencies exist. In general, the
louder the sound at the frequencies of interest (500 - 900
Hz), the higher the lung score for the animal.

[0045] While the data obtained in the presentinvention
can be an accurate predictor of the health of bovine spe-
cies, the technique described herein would provide no
useful diagnosis for humans. Human respiratory disease
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is typically far less severe than that of bovines, and the
particular volumes and frequencies in humans would be
much smaller over a long period of time. Human respi-
ratory diseases are often signified by specific types of
wheezes and crackles that have very specific lengths,
volumes and frequency levels, none of which correspond
to a similar diagnosis for bovine species.

[0046] Figure 7 is an example user interface screen
100 that includes a spectrogram 102, along with a cor-
responding display of the calculated lung score 104, a
diagnoses 106, and a recommended treatment 108. In
lieu of the calculated lung score, the Scaled Lung Score
could be displayed on the screen. As mentioned above,
the lung score may correlate to a diagnosis as well as
one or more recommended treatments.

[0047] Figure 8 is another example user interface
screen 101 that includes the spectrogram 102 of Figure
7, a Scaled Lung Score 105, a diagnosis 106, and the
recommended treatment 108. This screen 101 also
shows those portions 111 of the spectrogram that the
user has highlighted for removal as data that is not ac-
curate in terms of the actual lung sounds. The portions
111 to be removed are noise or other interfering frequen-
cies not related to the actual auscultated sounds of the
animal. These interfering frequencies are identified as
peaks in the spectrogram with amplitudes that are clearly
out of range as compared to the remaining portions of
the spectrogram. As mentioned, these interfering fre-
quencies can be attributed to factors such as noise from
the stethoscope, the heartbeat of the animal, etc. Once
these areas have been trimmed, the user may again view
the modified spectrogram to ensure the data appears
accurate.

[0048] Other factors may also be considered when
generating automatic diagnosis and treatments, such as
other symptoms of the animal being analyzed. Therefore,
itis also contemplated with the present invention that the
automatic diagnoses and treatments can be further mod-
ified by analyzing other data such as the rectal temper-
ature, projected market date, and risk category.

[0049] Referring to Figures 9A and 9B, a flowchart is
provided for determining an appropriate treatment based
upon a combination of these factors. The flowchart of
Figures 9A and 9B may also be referred to as a dynamic
treatment matrix that takes into consideration the various
factors to determine an appropriate treatment. It shall be
understood that in accordance with the method of the
present invention, the only requirement for determining
arecommended treatment is the determination of a lung
score. The rest of the factors included within the dynamic
treatment matrix are optional, but may provide a caregiv-
er with additional treatment options if the other factors
combine in a manner that may suggest an additional or
perhaps a modified treatment.

[0050] Inthe recommended treatments within the ma-
trix, the current pharmaceuticals are assigned a set of
attributes that match designated lung scores. For exam-
ple, one particular drug could work well on mild acute
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lung scores. Given that drugs change quite frequently,
the current available drugs are stored in a database that
is continually updated, ensuring that each drug is as-
signed the appropriate characteristics or case definition
as set forth in the determination of the lung scores. Ini-
tially, the treatment recommended derives primarily from
the lung score. In order to further consider the best match
of the drug to be prescribed, the pharmaceuticals can
also be assigned a set of attributes that match secondary
considerations, such as whether the drug has shown
good results for cattle having high rectal temperatures or
good results for low risk cattle.

[0051] It is also contemplated that historical data can
be maintained for past treatment recommendations
based upon the lung scores or other factors considered
at the time. The historical analysis will include an evalu-
ation of how successful treatment was, and the rate of
treatment success can then be balanced against the
treatment provided to alter or shift a recommended treat-
ment.

[0052] The recommended treatments in Figures 9A
and 9B are recommended administrations of various
drug categories. The categories are defined as follows:
Category 1 are low cost, broad spectrum antibiotics; Cat-
egory 2 are low cost, broad spectrum antibiotics with a
slightly broader spectrum capability; Category 3 are
broad spectrum antibiotics aimed at log growth phase;
Category 4 are broad spectrum antibiotics with withdraw-
al times less than forty days; Category 5 are broad spec-
trum antibiotics aimed at log growth phase with the ad-
dition of RNA synthesis inhibitors with an affinity for lung
tissue; Category 6 are state-of-the-art, broadest spec-
trum antibiotics; and Category 7 are broadest spectrum
antibiotics with highest affinity for consolidated lung tis-
sue.

[0053] With respect to the risk levels recited as factors
in Figure 9A and 9B, the following definitions apply: 1.
High risk cattle are those that are any of the following:
freshly weaned, co-mingled (purchased one or two at a
time from many herds), auction market cattle (i.e. sold at
a livestock yard), or an absence of vaccination history
and 2. Low risk cattle are those cattle that do not meet
any of the criteria for high risk.

[0054] Referring now to the flowchart beginning at Fig-
ure 9A, at Block 200, the lung score is determined. At
Block 202, if the Scaled Lung Score is 1, then at Block
204 the next determination is whether the temperature
of the animal is below 104°F. The rectal temperature is
used as the baseline temperature for this flowchart. If the
temperature is less than 104°F, then at Block 208, the
recommendation is no treatment. If the temperature is
greater than 104°F, then at Block 212, the next determi-
nation is whether the projected market date is less than
40 days. If the projected market date is less than 40 days,
then the treatment recommended at Block 214 is a Cat-
egory 4 product. If the projected market date is not less
than 40 days, then the recommended treatment at Block
215 is administration of the Category 1 product.
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[0055] Referringto Block 216, ifthe Scaled Lung Score
is 2, the next determination at Block 218 is whether the
temperature is less than 104°F. If the temperature is less
than 104°F, then the recommended treatment at Block
222 is no treatment. If the temperature is not known at
Block 218, then the recommended treatment at Block
224 is administration of a Category 1 product. If the tem-
perature is not less than 104°F, then the next determi-
nation is the projected market date at Block 228. If the
projected market date is less than 40 days, then the rec-
ommended treatment is administration of a Category 4
product at Block 230. If the projected market date is not
less than 40 days, then the recommended treatment is
a Category 1 product at Block 232.

[0056] Referring to Block 234, ifthe Scaled Lung Score
is 3, the next determination is whether the projected mar-
ket date is less than 40 days at Block 236. If the projected
market date is less than 40 days, then the recommended
treatment is a Category 4 product at Block 240. If the
projected market date is not less than 40 days, then the
determination is made if the temperature is less than
105°F atBlock 244. If the temperature is less than 105°F,
orifthetemperature is notknown, then the recommended
treatment is administration of a Category 2 product at
Block 246. If the temperature is not less than 105°F, then
the recommended treatment at Block 248 is administra-
tion of a Category 3 product.

[0057] Referring to Block 250, ifthe Scaled Lung Score
is 4, then the next determination is whether the projected
market date is less than 40 days at Block 252. If the pro-
jected market date is less than 40 days, then the recom-
mended treatment is administration of a Category 4 prod-
uct at Block 254. If the projected market date is not less
than 40 days, then at Block 258 a determination is made
whether the temperature is less than 105°F. If the tem-
peratureisless than 105°F, then the recommended treat-
ment is administration of a Category 2 product at Block
260. If the user does not know the rectal temperature,
then the recommended treatment at Block 262 is admin-
istration of a Category 5 product at Block 262. If the tem-
perature is not less than 105°F, then the next determi-
nation is made at Block 266 whether the animal is cate-
gorized as low risk. If the animal falls within the low risk
category, then the recommended treatment is adminis-
tration of a Category 2 product at Block 268. If the risk
category is not low, then the recommended treatment is
administration of a Category 5 product at Block 269.
[0058] Referringto Block 270, ifthe Scaled Lung Score
is a 5 or 6, then the determination at Block 272 is whether
the projected market date is less than 40 days. If the
projected market date is less than 40 days, then the rec-
ommended treatment at Block 276 is administration of a
Category 4 product. If the projected market date is not
less than 40 days, then the recommended treatment at
Block 278 is the administration of a Category 6 product.
[0059] Referring to Block 280, ifthe Scaled Lung Score
is a7, 8 or9, then the determination at Block 282 is
whether the projected market date is less than 40 days.
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If the projected market date is less than 40 days, then
the recommended treatment is administration of a Cat-
egory 4 product at Block 286. If the projected market date
is not less than 40 days, then the next determination at
Block 290 is whether the temperature is less than 104°F.
If the temperature is less than 104°F or if the temperature
is unknown, then the recommended treatment is admin-
istration of a Category 2 product at Block 292. If the tem-
perature is not less than 104°F, then the next determi-
nation is whether the animal is low risk at Block 296. If
the risk factor is low, then the recommended treatment
at Block 298 is administration of a Category 2 product. If
the risk factor is not low, then the recommended treat-
ment is administration of a Category 7 product at Block
300.

[0060] Figure 10 an embodiment of the present inven-
tion, namely, a digital stethoscope 310 with an integrated
recording, processing and display unit 324. The stetho-
scope 310 may include a standard construction as shown
including a chest piece 312 and ear pieces 314. Sounds
are detected by the chest piece 312 and are transferred
to the integrated recording and display unit 324. A com-
munication cord 316 interconnects the chest piece to the
unit 324. Listening extensions 318 interconnect the ear
pieces to the unit 324. Optionally, additional support can
be provided to the extensions 318 by support sleeves
320 and a support bridge 322. One example of a con-
struction for a digital electronic stethoscope that can be
used with the present invention includes a line of com-
mercially available electronic stethoscopes sold and
manufactured by 3M® known as the Litmann® electronic
stethoscopes. These devices may be modified to incor-
porate the special functionality of the present invention
to include the integrated unit 324.

[0061] Referring to the unit 324, it includes a housing
326 which houses the electronic components of the steth-
oscope. Mounted on one side of the housing 326 is a
display panel 327. On the display panel are a number of
features to include an on/off button 328, an on/off light
indicator 330, volume control buttons 332, a record but-
ton 334 and arecord indication light 336. In order to power
up the stethoscope, the user depresses the on/off button
328, and the on/off light indicator 330 will illuminate when
the device is powered. The device 310 may be powered
by batteries and/or by a conventional AC power source
in which the device 310 may have a detachable power
cord (not shown) for selectively powering the unit with
the AC power source.

[0062] When the user wishes to record a sound, the
user places the chest piece 312 at the desired location
on the animal, and the user then depresses the record
button 334 to initiate recording of sounds. The record
indicator light 336 will illuminate to indicate to the user
that the device is recording and/or that the sounds have
been successfully recorded and have been transmitted
to a remote computer that will manipulate the digital
sound data for producing a tangible user output. The user
depresses the record button 334 again in order to termi-
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nate the recording and to establish a recorded sound
record for manipulation by the software/firmware to gen-
erate the lung score or other health indication output.
Alternatively, the device can be set to record for a pre-
determined time period requiring the use to only press
the record button once.

[0063] Alsolocated onthe display panel 327 is a health
status indicator in the form of a plurality of health indicator
lights 338. These indicator lights may represent a lung
score, or may represent some other indication as to the
health of the animal. As best seen in Figure 11, in one
embodiment of the presentinvention, the health indicator
lights 338 are numbered 1-5. The illumination of one of
the lights or a group of lights indicate a lung score or
some other health status for the animal. For example,
light number one, if illuminated, could indicate a normal
condition for the animal. Light number two, if illuminated,
could indicate a mild, acute condition. Light number
three, ifilluminated, could indicate a moderate acute con-
dition. Light number four, if illuminated, could indicate a
severe acute condition, and light number five, if illumi-
nated, could indicate a chronic condition.

[0064] If it is desired to record lung sounds again, the
user would simply depress the record button again and
the system software automatically creates another data
record. If the user wishes to cancel a recording or to oth-
erwise delete a recording, the user can be provided this
option on a user dialogue display (not shown) that can
also be incorporated on the display panel 327. A user
dialogue display is explained below with respect to the
embodiment of Figure 13.

[0065] Inanother aspectof the invention, it is also con-
templated that the system software could incorporate
controls such that recorded lung sounds were not proc-
essed unless the recorded sounds met pre-designated
criteria to ensure the recorded sounds did not have ex-
cess environmental noise. Although filters can be used
to separate and remove noise, it is advantageous for the
recorded sound to be as "clean" as possible so that there
are enough data points in the selected frequencies to
ensure the algorithm(s) can be applied without appreci-
able output errors. Therefore, the user display may also
incorporate one or more additional indicator lights, or may
provide a particular light pattern or color scheme for the
indicator lights 338 indicating that a "clean" lung sound
can be recorded based on a screening of the lung sound
as it is initially recorded. This screening of the recorded
lung sound as it is first recorded can also be referred to
as a "test" sound. In addition to environmental noise, poor
sound recordation can be attributed to misplacement of
the device such that the amplitude of sound recorded is
not adequate for processing. Pre-determined parame-
ters can be developed and used in the software for ex-
pected frequency ranges and amplitudes for a typical
"clean" sound.

[0066] In addition to a numbering sequence for indica-
tor lights 338, other types of visual indicators could be
provided to indicate the health of the animal, such as
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additional lights, or a text message on a user/dialogue
display in which a condition of the animal would appear
in an explanatory message with the detected condition.
[0067] One can appreciate the advantages of having
the status of the animal displayed directly on the digital
stethoscope. The user avoids having to view another de-
vice in order to obtain the lung score/health status of the
animal. The user can conduct repeated sound gathering
operations in order to confirm consistency among the
outputs provided by the indicator lights/dialogue displays
over a short time period. Thus, a user can quickly gather
data sets and can immediately visually confirm consist-
ency among the data sets directly on the stethoscopic
device.

[0068] In terms of how the indicator lights are illumi-
nated, processing of the recorded lung sound data can
be done either by a remote computing device in which
the stethoscope communicates wirelessly with the re-
mote computing device, or the digital stethoscope itself
may have an integral processor having the capability to
process the lung sound data and to generate lung scores
or other outputs indicating the health of the animal based
upon the auscultation analysis.

[0069] Referring to Figure 12, in another embodiment
of the invention, a system is provided for gathering data
on animals in which the digital stethoscope 310 is one of
the field devices used within the system. More specifi-
cally, Figure 12 illustrates a number of field devices that
communicate wirelessly with a remote computer 368,
and the data may then be recorded and manipulated to
generate desired outputs to a user. The system contem-
plates a number of different field devices to include an
RFID reader 350 for identifying and tracking the animal
being examined, a scale head 352 thatrecords the weight
of an animal on an associated scale (not shown), a di-
agnostic device 354 that may take other measurements
or observations of the animal, and a temperature probe
356 for recording the temperature of the animal. Each of
the field devices have a wireless capability, and may
therefore communicate wirelessly with the remote com-
puter 368. Accordingly, each of the field devices are il-
lustrated with a wireless adaptor 360, and the field de-
vices can be considered communication endpoints. The
remote computing device 368 may include standard com-
ponents to include the computer/processor 372, a user
display 370 and input devices 374 such as a keyboard
and mouse. The remote computing device could also be
aserver. One or more gateway devices 362 such as wire-
less access points or switches can be used to ensure full
wireless coverage of the area in which the field devices
are located. From the gateway device(s) 362, the data
recorded by the field devices is transmitted through a
communications network 366 such as the Internet, an
intranet, a LAN, etc. Once the data is received by the
remote computer 368, manipulation of the digitized
sound data takes place in order to generate outputs in
the form of visual displays, reports, or others for the user.
The data from the other field devices may also be con-
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sidered in the algorithm(s) to supplement reporting and
may also be used to generate a recommended treatment
in which data from the other field devices is used in yet
another group of algorithms or formulas relating to the
generation of recommended treatments.

[0070] The outputs generated regarding a diagnosis
and treatment are communicated to selected user(s)
back through the communications network 366. These
outputs can be sent back to the user(s) of the field de-
vices, or to other users who may have, for example, per-
sonal digital assistants 364. Therefore, itis contemplated
with the Figure 12 that comprehensive data may be trans-
mitted simultaneously to the remote computer 368, data
manipulations take place and then tangible outputs are
made available for immediate use by a user. In one as-
pect of this embodiment, once the digital stethoscope
310 is activated, the digital stethoscope may query the
presence of other field devices that may have recorded
data on the same animal being examined. This query
can then trigger a wireless command, either from the
digital stethoscope or from the remote computer 368, for
the field devices to commence transmitting selected data
for the animal being examined. Therefore, from a review
of Figure 12 it is apparent that for a wireless communi-
cation system, a user can be provided a tremendous
amount of valuable information regarding the animal be-
ing treated.

[0071] In yet another embodiment of the present in-
vention, referring to Figures 13 and 14, another type of
sound gathering device is illustrated. More specifically,
Figures 13 and 14 illustrate a wireless audio digital re-
cording unit 400 that according to the invention has its
own microprocessor, memory, software/firmware, and
database(s) for manipulation of the data recorded to gen-
erate a tangible output for the user.

[0072] More specifically, the unit400 includes a paddle
402 that houses the sensors (not shown) for recording
sounds. The paddle 402, as shown, may have a curvature
in order that the paddle may be conveniently placed at a
targeted location on the animal to best capture sounds.
A peripheral pad or protective member 404 is also illus-
trated to protect the paddle 402 and to assist the user in
holding the paddle on the animal. The paddle is rotatably
mounted to an extension pole 412. As shown, the rotat-
able connection can be achieved by a transverse mount-
ing rod 406 secured to a base member 407. The distal
end of the pole 412 may include a yoke 408 that is at-
tached to the mounting rod 406 by pin 410. Thus, the
paddle 402 may be rotatable in a first axis about the pin
410, and rotatable about the mounting rod 406 in another
axis oriented orthogonal to the first axis. Referring to Fig-
ure 14, sensor openings 414 are provided on the lower
surface of the paddle 402 enabling the sensors (not
shown) to record sounds. A sensor may include one or
more multichannel microphones incorporated therein for
detecting and transmitting auscultated sounds to the mi-
Croprocessor.

[0073] In another aspect of the invention as shown in
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Figure 13, itis also contemplated that the device 400 has
its own integral electronic control and display unit 420.
This unit 420 may include various control buttons 426,
similar to those on the device of Figure 10. Additionally,
the unit 420 may include a display panel 422 with one or
more user interface displays/dialogue displays 424.
These displays are capable of displaying to the user the
particular health status of the animal as the datahas been
manipulated through one or more algorithms in the unit
420 that has its own integral microprocessor, memory,
software/firmware, and database(s). Additionally, the
Figure 13 illustrates a number of display lights 428 which
may also be used to indicate the health status of the
animal, and the function of these lights may be in accord-
ance with what is described with respect to the display
lights 338 for the embodiment of Figure 11.

[0074] Referring to Figure 15, a user U places the de-
vice 400 at the desired location on the animal A for re-
cording lung sounds. As shown, the user U is able to
record the lung sounds without having to place the hands
or arms within the cage C. Therefore, this provides a
much safer manner for user to obtain sounds from the
animal. The device 400 may also have a wireless capa-
bility in order to transmit and receive signals from a re-
mote computer as described above with respect to the
embodiments of Figures 10-12. Therefore, the device
400 can also be an additional field device within the sys-
tem of Figure 12.

[0075] There are a number of advantages associated
with the embodiments illustrated in Figures 10-14. One
distinct advantage provided is the capability for a user to
visually observe the health status of an animal in real
time at the location where data is gathered, without hav-
ing to later view another diagnostic device and perhaps
at another location. Additionally, in accordance with the
system of Figure 12, comprehensive data can be ob-
tained regarding the health status of an animal for gen-
erating detailed reports, or to otherwise analyze recorded
data for purposes of diagnosing the health of the animal
and for generating treatment options.

[0076] Although the present invention has been set
forth with respect to one or more preferred embodiments,
it shall be understood that various other changes and
modifications can be made to the invention inaccordance
with the scope of the claims appended hereto.

Claims

1. A system for diagnosing animal diseases using aus-
cultation analysis, said system comprising a wireless
electronic digital stethoscope (310,400) adapted for
placement at a desired location on an animal for re-
cording auscultated lung sounds obtained from the
animal in the form of digital sound data, wherein said
wireless electronic digital stethoscope incorporates:

a processor for processing the digital sound da-



23

ta;

computer coded instructions for manipulating
the digital sound data through incorporation of
at least one algorithm used to calculate a value,
said algorithm utilizing selected frequencies of
the auscultated sounds;

a database for storing data reflective of diagno-
sis that correspond to the value obtained from
the algorithm; and

a user display (324,422) for displaying informa-
tion reflective of a state of health of the animal
and having a plurality of health indicator lights
(338,428) that are illuminated to indicate the
state of health of the animal determined from
the digital sound data.

A system, as claimed in claim 1, wherein:

said processor is integrated within a housing (326)
on the wireless electronic digital stethoscope (310),
said housing (326) for holding said processor and
said user display (324) therein.

A system, as claimed in claim 1, wherein:
selected frequencies are removed from the recorded
sounds as noise.

A system, as claimed in claim 1, wherein:

afirst test sound is recorded to confirm that the wire-
less electronic digital stethoscope (310,400) is re-
cording sound that falls within pre-determined pa-
rameters including parameters for expected fre-
quency ranges and amplitudes.

A system, as claimed in claim 1, wherein:

the wireless electronic digital stethoscope (400)
comprises a curved paddle recording element (402),
and a rotatable handle connected to the paddle
(402).

A system, as claimed in claim 5, wherein:

said paddle (402) includes at least one sensor in-
cluding a multi channel microphone incorporated
therein for detecting and transmitting auscultated
sounds to the processor.

A system, as claimed in claim 1, wherein:

said health indicator lights (338,428) indicate the
state of health of the animal by one of a selected
light pattern or color scheme.

A system, as claimed in claim 1, wherein:

said user display (324) is incorporated on a housing
(326) of the wireless electronic digital stethoscope
(310); and a plurality of controls further incorporated
in said housing (326), said plurality of controls in-
cludingalightindicator (336), a volume control (332),
a record button (334), and a record indication light
(336).
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A system, as claimed in claim 1, wherein:

said wireless electronic digital stethoscope (310) in-
cludes a chestpiece (312) and a communications
cord (316) interconnecting said chestpiece (312) to
a housing (326), said user display (324) incorporated
in said housing (326).

A system, as claimed in claim 1, wherein:

said wireless electronic digital stethoscope (310)
includes at least one ear piece (314) and at least one
listening extension interconnecting the at least one
earpiece (314) to a housing (326), said user display
(324) incorporated in said housing (326).

A system, as claimed in claim 5, further including:
a control and display unit (420) connected to said
handle, said user display (422) incorporated in said
control and display unit.

A system, as claimed in claim 11, wherein:

said control and display unit (422) further includes a
plurality of controls and a plurality of display lights
incorporated therein.

The system as claimed in claim 1, further comprising:

at least one further field device wirelessly com-
municating with the wireless electronic digital
stethoscope (310) said field device includes at
least one of aweigh scale (352), an RFID reader
(350), a diagnostic device (354), and a temper-
ature probe (356); and

wherein data obtained from the field device for
the animal is transmitted, upon the field device
being prompted by a polling command from the
stethoscope (12), and provided to the user dis-
play (324), as additional health information.

Patentanspriiche

1.

System zur Diagnose von Tierkrankheiten mittels
Auskultationsanalyse, wobei das System ein draht-
loses elektronisches digitales Stethoskop (310, 400)
umfasst, das zur Platzierung an einer gewiinschten
Stelle auf einem Tier vorgesehen ist, um auskultierte
Lungengerausche, die von dem Tier erhalten wer-
den, in Form von digitalen Schalldaten aufzuzeich-
nen, wobei in das drahtlose elektronische digitale
Stethoskop eingebaut sind:

ein Prozessor zum Verarbeiten der digitalen
Schalldaten;

computercodierte Anweisungen zum Manipulie-
ren der digitalen Schalldaten durch Einbau von
mindestens einem Algorithmus, der verwendet
wird, um einen Wert zu berechnen, wobei der
Algorithmus ausgewahlte Frequenzen der aus-
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kultierten Gerausche nutzt;

eine Datenbank zum Speichern von Daten, die
eine Diagnose widerspiegeln, welche dem aus
dem Algorithmus erhaltenen Wert entspricht;
und

eine Benutzeranzeige (324, 422) zum Anzeigen
von Informationen, die einen Gesundheitszu-
stand des Tieres widerspiegeln; und

mit einer Vielzahl von Gesundheitsindikator-
leuchten (338, 428), die aufleuchten, um den
Gesundheitszustand des Tieres anzugeben,
welcher aus den digitalen Schalldaten ermittelt
wurde.

System nach Anspruch 1, wobei:

der Prozessor in ein Gehause (326) auf dem draht-
losen elektronischen digitalen Stethoskop (310) in-
tegriertist, wobei das Gehause (326) zum Unterbrin-
gen des Prozessors und der Benutzeranzeige (324)
darin dient.

System nach Anspruch 1, wobei:
ausgewahlte Frequenzen aus den aufgezeichneten
Gerauschen als Rauschen entfernt werden.

System nach Anspruch 1, wobei:

ein erster Testschall aufgezeichnet wird, um zu be-
statigen, dass das drahtlose elektronische digitale
Stethoskop (310, 400) Schall aufzeichnet, derin vor-
gegebene Parameter fallt, zu denen Parameter fir
erwartete Frequenzbereiche und Amplituden geho-
ren.

System nach Anspruch 1, wobei:

das drahtlose elektronische digitale Stethoskop
(400) ein gekrimmtes Schieberaufzeichnungsele-
ment (402) und einen mit dem Schieber (402) ver-
bundenen drehbaren Griff umfasst.

System nach Anspruch 5, wobei:

der Schieber (402) mindestens einen Sensor, der
ein darin eingebautes Mehrkanalmikrophon ein-
schlieRt, zum Detektieren und Ubermitteln von aus-
kultierten Gerauschen anden Prozessor einschlief3t.

System nach Anspruch 1, wobei:

die Gesundheitsindikatorleuchten (338, 428) den
Gesundheitszustand des Tieres durch eines von ei-
nem ausgewahlten Lichtmuster oder Farbschema
angeben.

System nach Anspruch 1, wobei:

die Benutzeranzeige (324) auf einem Gehause
(326) des drahtlosen elektronischen digitalen
Stethoskops (310) eingebaut ist;

und eine Vielzahl von Steuerelementen des
Weiteren in das Gehause (326) eingebaut ist,
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wobei die Vielzahl von Steuerelementen einen
Leuchtenindikator (336), eine Lautstarkesteue-
rung (332), eine Aufzeichnungssschaltflache
(334) und ein Aufzeichnungsindikatorlicht (336)
einschlief3t.

System nach Anspruch 1, wobei:

das drahtlose elektronische digitale Stethoskop
(310) ein Bruststiick (312) einschlieRt, und

ein Kommunikationskabel (316) das Bruststiick
(312) miteinem Gehause (326) verbindet, wobei
die Benutzeranzeige (324) in das Gehause
(326) eingebaut ist.

System nach Anspruch 1, wobei:

das drahtlose elektronische digitale Stethoskop
(310) mindestens ein Ohrstiick (314) und mindes-
tens eine Horverlangerung einschlielt, die das min-
destens eine Ohrstiick (314) mit einem Gehause
(326) verbindet, wobei die Benutzeranzeige (324) in
das Gehause (326) eingebaut ist.

System nach Anspruch 5, des Weiteren einschlie-
Rend:

eine Steuer- und Anzeigeeinheit (420), die mit dem
Griff verbundenist, wobei die Benutzeranzeige (422)
in die Steuer- und Anzeigeeinheit eingebaut ist.

System nach Anspruch 11, wobei:

die Steuer- und Anzeigeeinheit (422) des Weiteren
eine Vielzahl von Steuerelementen und eine Vielzahl
von Anzeigeleuchten einschlieRt, die darin einge-
baut sind.

System nach Anspruch 1, des Weiteren umfassend:

mindestens eine weitere Feldvorrichtung, die
drahtlos mit dem drahtlosen elektronischen di-
gitalen Stethoskop (310) kommuniziert, wobei
die Feldvorrichtung mindestens eine von einer
Waage (352), einem RFID-Leser (350), einer di-
agnostischen Vorrichtung (354) und einer Tem-
peratursonde (356) einschlie3t; und

wobei Daten, die von der Feldvorrichtung fiir das
Tier erhalten werden, Gbertragen werden, nach-
demdie Feldvorrichtung durch einen Poll-Befehl
von dem Stethoskop (12) dazu aufgefordert
wird, und der Benutzeranzeige (324) als zusatz-
liche Gesundheitsinformationen bereitgestellt
werden.

Revendications

1.

Systéme permettant de diagnostiquer des maladies
animales au moyen d’une analyse par auscultation,
ledit systeme comprenant un stéthoscope numeéri-
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que électronique sans fil (310, 400) congu pour un
positionnement en un emplacement souhaité sur un
animal pour enregistrer des sons pulmonaires aus-
cultés obtenus de I'animal sous la forme de données
sonores numériques, dans lequel ledit stéthoscope
numeérique électronique sans fil intégre :

un processeur pour traiter les données sonores
numériques ;

des instructions codées par ordinateur pour ma-
nipuler les données sonores numériques par
l'intermédiaire de I'intégration d’au moins un al-
gorithme utilisé pour calculer une valeur, ledit
algorithme utilisant des fréquences sélection-
nées des sons auscultés ;

une base de données pour mémoriser des don-
nées reflétant un diagnostic qui correspondent
a la valeur obtenue de l'algorithme ; et

un affichage utilisateur (324, 422) pour afficher
des informations reflétant un état de santé de
I'animal et

comportant une pluralité de témoins lumineux
(338, 428) de santé qui s’allument pour indiquer
I'état de santé de I'animal déterminé a partir des
données sonores numériques.

Systeme, selon revendication 1, dans lequel :

ledit processeur est intégré dans un boitier (326) sur
le stéthoscope numérique électronique sans fil
(310), ledit boitier (326) permettant de contenir ledit
processeur et ledit affichage utilisateur (324) en son
sein.

Systeme, selon revendication 1, dans lequel :
desfréquences sélectionnées sontretirées des sons
enregistrés sous la forme de bruit.

Systeme, selon revendication 1, dans lequel :

un premier son de test est enregistré pour confirmer
que le stéthoscope numérique électronique sans fil
(310, 400) est en train d’enregistrer un son qui s’ins-
crit dans des paramétres prédéfinis comprenant des
parameétres pour des plages et des amplitudes de
fréquence attendues.

Systeme, selon revendication 1, dans lequel :

le stéthoscope numérique électronique sans fil (400)
comprend un élément d’enregistrement a palette
courbe (402), et une poignée rotative reliée a la pa-
lette (402).

Systeme, selon revendication 5, dans lequel :
ladite palette (402) comprend au moins un capteur
comprenant un microphone multicanal intégré en
son sein pour détecter et transmettre des sons aus-
cultés au processeur.

Systeme, selon revendication 1, dans lequel :
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lesdits témoins lumineux (338, 428) de santé indi-
quent I'état de santé de I'animal par un motif lumi-
neux sélectionné ou un schéma de couleur sélec-
tionné.

Systéme, selon revendication 1, dans lequel :

ledit affichage utilisateur (324) est intégré sur un boi-
tier (326) du stéthoscope numérique électronique
sans fil (310) ; et une pluralité de commandes en
outre intégrées dans ledit boitier (326), ladite plura-
lit¢ de commandes comprenant un témoin lumineux
(336), une commande de volume (332), un bouton
d’enregistrement (334) et une lumiére d’indication
d’enregistrement (336).

Systéme, selon revendication 1, dans lequel :

ledit stéthoscope numérique électronique sans fil
(310) comprend une piéce thoracique (312) et un
cordon de communication (316) interconnectant la-
dite piece thoracique (312) avec un boitier (326), le-
dit affichage utilisateur (324) étant intégré dans ledit
boitier (326).

Systéme, selon revendication 1, dans lequel :

ledit stéthoscope numérique électronique sans fil
(310) comprend au moins un écouteur (314) et au
moins une extension d’écoute interconnectant I'au
moins un écouteur (314) avec un boitier (326), ledit
affichage utilisateur (324) étant intégré dans ledit
boitier (326).

Systéme, selon revendication 5, comprenant en
outre :

une unité de commande et d’affichage (420) con-
nectée a ladite poignée, ledit affichage utilisateur
(422) étant intégré dans ladite unité de commande
et d’affichage.

Systéme, selon revendication 11, dans lequel :
ladite unité de commande et d’affichage (422) com-
prend en outre une pluralité de commandes et une
pluralité de lumiéeres d’affichage intégrées en son
sein.

Systéme selon la revendication 1, comprenant en
outre :

au moins un dispositif de terrain supplémentaire
communiquant sans fil avec le stéthoscope nu-
mérique électronique sans fil (310)

ledit dispositif de terrain comprend une balance
(352), et/ou un lecteur RFID (350), et/ou un dis-
positif diagnostique (354), et/ou une sonde de
température (356) ; et

dans lequel des données obtenues du dispositif
de terrain pourl’animal sont transmises, lorsque
le dispositif de terrain est invité par une com-
mande d’interrogation provenant du stéthosco-
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pe (12), et fourni a I'affichage utilisateur (324),
sous la forme d’informations de santé supplé-
mentaires.
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