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DESCRIPTION
Technical Field of the Invention

[0001] The present invention relates to an auscultation data acquisition, communication and 

evaluation system incorporating mobile facilities, comprising a chest piece for acquiring 

auscultation data and communicating said data in the form of a signal, a receiver unit and a 

distant server for communicating with said receiver unit and at least a further recipient 

relevantly selected from a list entailing suitable devices appropriated for use by healthcare 

personnel, medical facilities and users such that data and information are shared selectively in 

accordance with said recipients.

Background of the Invention

[0002] Electronic auscultation devices are gaining increasing popularity in medical industry. 

Some examples for them combine a stethoscope with an LCD screen and control buttons 

which can also record and communicate sounds to other devices for later evaluation by health 

professionals. Audio frequency responses of such devices are similar with acoustic 

stethoscopes. Their main advantage in comparison with acoustic stethoscopes is amplification 

ability for easier hearing of said sounds. Intelligent stethoscopes are not yet common, but 

considering a few patent applications on this subject, it is possible to expect such devices to be 

available in medical market.

[0003] WO 2013/089072 respectively US 2015/230751 (its English translation) relate to 

systems for acquisition, communication and evaluation of auscultation data.

[0004] US 2008 146 276 A1 discloses a device functioning in combination with a telephone, 

which compares digitized auscultation data with standardized disease sounds on a data 

storage unit integrated with said telephone, and a disease name appears on the telephone 

screen. As yet, need for data storage units with sufficient capacities for storing great amounts 

of data, and requirement of powerful processors for performing sophisticated calculations and 

algorithms for probabilistic diagnosis limits the use of said idea with every smartphone. 

Furthermore, the device disclosed in said application transmits only disease names to health 

professionals, which limits the health professional from using his/her own technical knowledge 

for reaching a decision by evaluations based on auscultation data.

[0005] International patent application WO 2011 049 293 discloses a device combining a

stethoscope head with a mobile telephone. The device acquires auscultation sound via a

microphone head, and a disease name appears on the telephone screen. Said device employs

a temperature sensor which can serve for thermal checking whether the device is in proper

contact with a subject's skin, yet such sensor which only aims to detect temperature is not
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suitable to distinguish whether said device is in contact with the proper body part or zone on a 

subject's skin to obtain meaningful auscultation data.

[0006] It is of vital importance to check whether auscultation data are collected from a proper 

zone on a subject's skin, and if the sound acquisition device is placed properly such that said 

meaningful auscultation data are not overridden by ambient noise. Furthermore, auscultation 

sounds have zone-specific characteristics both in healthy and pathological conditions, which 

fact necessitates the obligation to evaluate each collected sound data with regard to a 

corresponding database for each auscultation zone. In prior art, although auscultation sounds 

are collected with regard to zones of auscultation, auscultation sounds are compared with a 

single database without regard to distinctions between zones.

[0007] One of the most important factors in diagnostic classification problems in terms of 

reliability is having a sufficiently large database in conjunction with employing a sufficiently 

powerful processor for rapidly obtaining a general and acceptable result from a sophisticated 

algorithm. When processing of acquired auscultation data to propose a probabilistic diagnosis 

is made on a telephone device, the reliability of its results is restricted due to limitations on 

database size and algorithm sophistication since a phone processor has limited storing and 

processing capability.

[0008] A further important factor is taking into account the information about disease-specific 

auscultation sounds (e.g. crackles and wheezes) because the presence and characteristics of 

adventitious sounds are very important in determining the presence, type and severity of an 

underlying pathology. Although the systems and methods of prior art detect adventitious 

sounds such as crackles and wheezes, utilization of adventitious sounds in various phases of a 

respiration cycle in an algorithm which provides a probabilistic suggestion about medical state 

of a subject is not available in prior art.

[0009] US 6 648 820 B1 discloses a medical condition sensing system including a multiplicity of 

computers connected via a network, yet the vision related to said document is limited to 

acquisition and comparison of variable data obtained from a single patient at different 

instances. Said system and related method leads to designate initial data from patient as a 

baseline, and generates alerts in case of significant variations from the initial data. Evolution of 

initially present databases related to various health conditions, or creating new databases 

related to diseases which are initially absent in database collections are unachievable and 

underivable from such system.

[0010] US 2013/0102908 A1 discloses an air conduction sensor and a system and a method 

for monitoring health condition, US 5 218 969 A discloses an intelligent stethoscope for 

automatically diagnosing abnormalities; and US 2014/0107515 A1 discloses a telemedical 

stethoscope which automatically diagnoses diseases, and records and stores data. None of 

these documents mention nor lead to evolution of initially present databases related to various 

health conditions, or creating new databases related to diseases which are initially absent in 

database collections.
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[0011] US 5 218 969 discloses an intelligent stethoscope for automatically diagnosing 

abnormalities based on body sounds. Yet, said stethoscope lacks learning abilities since it can't 

enable the databases loaded thereon to evolve and nor create new databases related to 

diseases which are initially absent in its database collections. Furthermore, even though said 

document describes a method to obtain some diagnosis related to heart sounds; the chaotic 

nature of lung sounds renders said stethoscope inadequate for thorough and multidimensional 

handling of sound data for suggesting a probabilistic diagnosis.

[0012] Scientific research articles are available about computational analyses of auscultation 

sounds. Said articles generally discuss about acquisition of auscultation data, analog 

preprocessing i.e. filtration and amplification of said data, analog-to-digital conversion and 

transferring thereof to computers. Then, said data is subjected to analyses of spectral and 

temporal signal characteristics, detection and/or classification in terms of adventitious sounds 

(e.g. crackle and wheeze detection and/or classification), and classification in terms of 

conditions (e.g. healthy and pathological classification). Yet none of the classification 

methodologies in the literature uses a sophisticated combination of (i) information about 

adventitious sounds, (ii) information about general spectral, temporal and spatio-temporal 

sound characteristics, (iii) distinct information of respiration phases in a full respiration cycle 

(e.g. early, mid and late phases for both inspiration and expiration in a full respiration cycle), to 

propose a probabilistic diagnosis about medical state of a subject.

Objects of the Invention

[0013] Primary object of the present invention is to provide a data acquisition, communication 

and evaluation system which overcomes abovementioned shortcomings of the prior art.

[0014] Another object of the present invention is to provide a data acquisition, communication 

and evaluation system which employs intelligent algorithms for providing health professionals 

and medical facilities (i.e. any location at which medicine is practiced regularly; for example, all 

health care institutions such as hospitals, health care centers, medical laboratories, research 

centers, etc.) with probabilistic evaluations of auscultation data.

[0015] Another object of the present invention is to provide a data acquisition, communication 

and evaluation system which enables initially present databases related to various health 

conditions to evolve, and/or creates new databases related to diseases which are initially 

absent in database collections in said system.

[0016] Additionally an object of the present invention is to provide a data acquisition,

communication and evaluation system which uses sound data both for computational and aural

evaluation of auscultation data.

[0017] Still further an object of the present invention is to provide data acquisition,
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communication and evaluation system which provides different levels of information obtained 

from auscultation data, the levels of which are suitable and meaningful for either medical 

facilities or healthcare personnel or users without medical training.

[0018] Yet another object of the present invention is to provide a data acquisition, 

communication and evaluation system, where auscultation data and any computations 

obtained from said data are simultaneously or subsequently available also to or from a location 

distant from the auscultation site.

Summary of the Invention

[0019] A data acquisition, communication and evaluation system having a chest piece for fitting 

to human skin, a receiver unit and a distant server; wherein said chest piece encapsulates a 

sound transducer for acquiring raw sound data for being communicated in the form of a data 

signal; said receiver, in operation, is in communication with said chest piece; said receiver is a 

portable device having a display unit and data processing ability, and is further connectable to 

a local data network or global internet via wired or wireless communication interface; said 

distant server comprises computer coded instructions which, in operation, processes said data 

signals, stores medical information in association with said data signals and communicates 

said data signals and/or medical information with at least two recipients, wherein said at least 

two recipients are able to receive and send said data signals and/or said medical information, 

and wherein said at least two recipients are selected from the list consisting of devices held by 

healthcare personnel, medical facilities and users, said data signals and/or medical information 

are selective based on the selected recipient; the system, in operation, updates a computer- 

coded classifier as new data add to said database.

Brief Description of the Figures

[0020] The figures whose brief explanations are herewith provided are solely intended for 

providing a better understanding of the present invention and are as such not intended to 

define the scope of protection or the context in which said scope is to be interpreted in the 

absence of the description.

Figure 1 represents a simplified pictorial diagram illustrating the operation of the data 

acquisition, evaluation and communication system according to the present invention.

Figure 2 schematically represents the chest piece and the receiver unit, both forming part of 

the system of Figure 1 according to the present invention.

Figure 3 shows a simplified functional block diagram of the general functionality of the analog 

and digital signal processing circuitry of the chest piece forming part of the system of Figure 1 

according to the present invention.
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Figure 4 shows a simplified flowchart illustrating the general operation of a suitable application 

program on the receiver unit forming part of the system of Figure 1 according to the present 

invention.

Figure 5 shows a simplified flowchart illustrating an exemplary operational flow of an algorithm 

to check proper auscultation, which is part of the application program of Figure 4, according to 

the present invention.

Figure 6 shows a simplified flowchart illustrating the evaluations performed on the distant 

server forming part of the system of Figure 1 according to the present invention.

Figure 7 shows a simplified flowchart illustrating the update mechanism operated by a distant 

server to update the databases, the learning algorithm, and the classifier of the system 

according to the present invention.

Figure 8 shows representative illustrations for one type of graphical outputs provided by the 

system according to the present invention, for three different subjects, which displays detected 

crackles in a time-frequency representation where time is expressed in terms of sub-phases of 

flow cycle and frequency is expressed in terms of crackle types.

Figure 9 shows representative illustrations for another type of graphical outputs provided by 

the system according to the present invention, for two different subjects, which displays 

detected wheezes in a time-frequency representation where time is expressed in terms of sub­

phases of flow cycle and frequency is a continuous axis.

Figure 10 shows representative illustrations for yet another type of graphical outputs provided 

by the system according to the present invention, for two different subjects, which displays the 

detected crackles and wheezes in color and shape codes with regard to the respective zones 

on the torso.

Figure 11 shows a representative illustration for yet another type of graphical outputs provided 

by the system according to the present invention, which displays detected crackles and 

wheezes in color and shape codes with regard to the respective zones on the torso and also 

with regard to the respective sub-phases of flow cycle.

Figure 12 shows a representative illustration of a receiver unit of the system according to the 

present invention with exemplary graphical outputs displayed on its screen.

Figure 13 shows a representative plot of a form of flow signal estimated from sound data, 

which is marked with inspiration and expiration phases and with early, mid and late sub-phases 

predicted by the flow estimation algorithm forming part of the evaluations of Figure 6, using a 

system according to the present invention.

Detailed Description of the Invention
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[0021] Referring now to the figures outlined above, the present invention proposes a data 

acquisition, communication and evaluation system Figure 1 having a chest piece 100, a 

receiver unit 200 and a distant server 300; which system overcomes abovementioned 

shortcomings of the prior art as described below in detail.

[0022] With reference to Figure 1 and 2, said system includes a data acquisition device 150 

which is an auscultation device with data communication abilities. Said data acquisition device 

comprises a chest piece 100 and a receiver unit 200. Said chest piece 100 encapsulates a 

sound transducer 101 for acquiring raw sound data for being communicated in the form of a 

data signal, wherein said sound transducer 101 is any kind of transducer which transduces 

(converts) vibratory mechanical oscillation (e.g., acoustic motion of a membrane) to an 

electrical signal (e.g., accelerometers, deformation piezoelectric transducers, microphones).

[0023] Said system further comprises computer(s) 400 preferably placed in (a) medical 

facility(ies), and said system further comprises a main (distant) server 300. Said computers 

400 are used for monitoring the data used in the system, for monitoring processed outcomes 

of said data, and for adding suitable information associated with said data to the system e.g. 

commentary information. Said server 300 is for processing and storing data and arranging 

proper operation of said system with selective authorization.

[0024] With reference to Figures 1 and 2, said chest piece 100 is an air coupling non-metallic 

chest piece for comfortably fitting to human skin, said chest piece 100 encapsulates a 

microphone 101 for acquiring raw sound data for being communicated in form of a data signal. 

Said chest piece 100 which is an air coupling unit can preferably provide a soft and non-cold 

touch to the skin by employing non-metallic material (e.g. polymers) for its parts contacting 

patient's skin, and provides preferably an ergonomic, comfortable grasp for user's hand. It 

preferably has a design for leaving an air coupling cavity 102 inside the chest piece 100 for 

proper operation of the air coupled microphone 101, while providing means for an air-tight 

contact of the chest piece 100 with patient's skin, thus preventing external noise. Said receiver 

200 is in communication with said chest piece 100, said receiver 200 having a display unit 201, 

and is a portable device with computing abilities, which can connect to a local data network or 

global internet 500 via wired or wireless communication interface. A smart phone or a tablet 

computer or any such mobile unit can be employed as said receiver unit 200.

[0025] Said signal is a sound signal which can be used to estimate a form of air flow signal 

(see Figure 13) using mathematical algorithms e.g. a time-varying parametric model for 

predicting inspiration and expiration phases within a flow cycle such that sub-phases of 

inspiration and sub-phases of expiration can be predicted. Said flow cycle is divided into sub­

phases comprising early inspiration, mid inspiration, late inspiration, early expiration, mid 

expiration and late expiration. Thus, said system, in operation, estimates an air flow signal from 

said data signal using mathematical algorithms, predicts inspiration and expiration phases 

having sub-phases, within a flow cycle, and predicts sub-phases of inspiration and sub-phases 

of expiration (see Figure 13).



DK/EP 3143536 T3

[0026] The system according to the present invention, in operation, detects and computes

• spectral and temporal characteristics of crackles, comprising timing, frequency content, 

types in terms of fine, medium and coarse ranges, and counts, and

• spectral and temporal characteristics of wheezes, comprising timing, at least one peak 

frequency component, and a percentage of duration within said sub-phases of 

inspiration and expiration, within inspiration and expiration, within flow cycle, and over 

total auscultation period.

[0027] In a further preferred embodiment according to the present invention, said system, in 

operation, displays a plot of said signal in time domain with zooming and sliding capabilities, 

and said plot shows said sub-phases (see 2100 in Figure 12) and adventitious sounds 

comprising said detected crackles and wheezes.

[0028] The system according to the present invention, in operation, generates and displays a 

frequency-domain representation with regard to each said zone and each said sub-phase, 

from which said system calculates and displays various parameters related to auscultation and 

makes comparisons of said parameters against related parameters obtained from healthy 

reference data, and displays (see 2200 in Figure 12) results of said comparisons.

[0029] In operation, said system displays a plot of said signal can preferably be displayed in 

time domain with zooming and sliding capabilities, for showing crackles, wheezes and said 

sub-phases (see 2100 in Figure 12). A frequency-domain representation is obtained and 

displayed with regard to each zone and each sub-phase, from which various parameters 

related to auscultation are calculated, displayed and compared against those obtained from 

healthy reference data, the results of which are also displayed (see 2200 in Figure 12) in 

various formats.

[0030] The data acquisition, communication and evaluation system according to the present 

invention is provided with separate databases, each of said databases is related with a 

different respective pre-determined zone on human torso.

[0031] Said system further comprises a plurality of pre-defined data acquisition channels 

and/or data acquisition locations for evaluating data from each said zone and said system, in 

operation, generates directives for a user to place said chest piece at said pre-determined 

zones in accordance with a pre-determined sequence.

[0032] Spectral and temporal characteristics of said crackles having crackle frequencies in

terms of fine, medium and coarse ranges, further having counts, and further having types are

detected, computed and displayed in a time-frequency representation (see Figure 8), where

time is expressed in terms of said sub-phases starting with early inspiration and ending with

late expiration, and frequency is expressed in terms of fine, medium and coarse crackle
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frequency ranges. Spectral and temporal characteristics of said wheezes, comprising timing, at 

least one peak frequency component and a percentage of duration within said sub-phases, 

flow cycle, and a total auscultation period are detected, computed and displayed in a time­

frequency representation (see Figure 9), where time is expressed in said sub-phases starting 

with early inspiration and ending with late expiration and where frequency is a continuous axis. 

Said count of said types of crackles and wheezes are preferably mapped with regard to said 

zones for displaying with color codes and shape codes in regard with said zones (see Figure 

10 and Figure 11) on a display.

[0033] The system according to the present invention further comprises a computer-coded 

classifier 313 in Figure 6 which, in operation, utilizes information from said frequency-domain 

representations (see 305 in Figure 6), and said time-frequency representations (see Figure 8, 

Figure 9, and 308 and 309 in Figure 6) for each zone and sub-phase, together with 

mathematical transforms, signal and system characterization methods, parametric models (see 

310 in Figure 6), and - said computer-coded classifier 313, in operation, combines data and 

calculations for each zone and sub-phase, and generates a probabilistic health condition report 

with regard to said database.

[0034] The system according to the present invention, in operation, updates said computer- 

coded classifier 313 as new data add to said database (see 354 in Figure 7). Thus, by 

employing intelligent algorithms for updating said computer-coded classifier 313, said system 

provides probabilistic evaluations of auscultation data. By means of said updating ability, a data 

acquisition, communication and evaluation system which enables initially present databases 

related to various health conditions to evolve, and/or creates new databases related to 

diseases which are initially absent in database collections in said system, is provided.

[0035] With reference to Figures 1 and 2, the system further includes a distant server 300. 

Said distant server 300 is a component for evaluation and storage of data and communication 

received from other components of the system i.e. the data acquisition device 150 and 

computer(s) 400. Said distant server 300 comprises computer coded instructions which, in 

operation, processes said data signals, stores medical information in association with said data 

signals and communicates said data signals and/or medical information with at least two 

recipients, wherein said at least two recipients are selected from the list consisting of devices 

200 and 400 held by healthcare personnel 11, medical facilities and users 10. Said recipients 

are able to receive and send said data signals and/or said medical information. The distant 

server 300 is preferably the central component responsible for general coordination of the 

system. The distant server 300 is for processing said data, for storing medical information 

based on and associated with said data and for communicating said data and information with 

at least two further recipients. Said data signals and/or medical information are selective based 

on the selected recipient. The users can also be defined as normal users 10 without medical 

training and which perform auscultation; healthcare personnel 11 who uses the data acquisition 

device and associated computers in medical facilities, including nurses, physicians and other 

healthcare personnel; and other personnel responsible for proper operation of the system with 

or without medical training, who work in a medical facility, who are responsible for the
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coordination of health services associated with the system of the present invention, and who 

are assigned users of computers which are part of said system. It is envisioned that as 

processors used in mobile devices are more developed and have stronger capabilities, the 

facilities of the system may be contained in an application program.

[0036] In a further preferred embodiment according to the present invention, information 

including data recorded from a subject and associated medical information which is selected 

from the list consisting of subject information, clinical subject data, algorithmic evaluation and 

outcomes from said system, and medical evaluation information provided by a healthcare 

personnel, are selectively accessible for users, such that respective data can be accessed by 

non-health-professional users 10 e.g. a patient, health professionals 11 making the 

auscultation or checking the data in a distant place, and employees of a medical facility 

providing access to said data through a server or computer which is a part of the system 

according to the present invention.

[0037] Thus, with the system according to the present invention, auscultation data and any 

computations obtained from the data are simultaneously or subsequently available also from a 

location distant from the auscultation site.

[0038] In a further preferred embodiment according to the present invention, the 

communication and evaluation system tracks in time said probabilistic health condition and 

reports any changes in said probabilistic health condition or said parameters selectively for 

users, such that respective data can be accessed by health professionals, healthcare 

personnel and non-healthcare personnel users.

[0039] In a preferred embodiment according to the present invention, said system, in 

operation, checks for proper auscultation (see Figure 5) by checking (i) whether said chest 

piece is placed correctly (e.g. by checking whether auscultation data meets the expected 

spectral characteristics special to a proper auscultation), and (ii) whether a subject inspires and 

expires properly such that sufficient air volumes for collecting data is inhaled and exhaled (e.g. 

by checking whether the air flow estimation algorithm works properly to estimate the air flow 

signal with expected inspiration and expiration behavior).

[0040] In a further preferred embodiment according to the present invention, said system, in 

operation, filters said signals according to a pre-defined frequency response shape including 

conventional bell and diaphragm modes, for listening by a user.

[0041] Referring to the Figures 2 and 3, the chest piece 100 is preferably provided with one or

more control switches 103 for enabling single-hand operation to turn said chest piece 100 on

and off while holding it. The chest piece 100 comprises (without limitation) following elements:

an analog and digital signal processing circuitry 104 having amplifier(s) 1041, filter(s) 1042 and

1043, analog-to-digital converter(s) 1044, processor(s) 1045, a wireless transceiver 1046; and

said chest piece 100 may further comprise a battery 105, control switches 103, status

displaying LEDs 106, and a slot 107 for battery charging unit 108 plug.
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[0042] Said wireless transceiver 1046 can work in any possible version of the Bluetooth 

protocol, or in any one of other wireless communication protocols. Said battery 105 can be 

rechargeable through the charging slot 107, and during the charging, the operation of the 

device can be limited to prevent any risks with the electrical current. The status of the battery 

and the charging process can be visualized through multiple LEDs with different colors, or with 

a single multi-colored LED 106. The status of the Bluetooth connection between said chest 

piece and the receiver unit can also be visualized through multiple LEDs with different colors, 

or with a single multi-colored LED 106, or with one single-colored LED which is Off' when 

disconnected, On' when connected, and 'blinking' when trying to establish a connection. The 

chest piece 100 can be provided with a control switch 103 to turn on/off said piece 100 to save 

power during the time the device is unused. Said control switch 103 can be a push-button, a 

slide, a toggle, a rocker, or any other suitable switch type. The chest piece 100 can also be 

designed to go into a sleep mode if the receiver unit 200 does not send any command during a 

predefined interval of time.

[0043] In an alternative embodiment, the chest piece 100 can also be connected to the 

receiver unit 200 with a wired connection. In such case, one or more components in the analog 

signal processing circuitry 104 of the chest piece 100 would not be necessary, but instead for 

example a standard 3.5 mm or other audio output port can replace said unnecessary 

components. In yet another embodiment, output signal of the chest piece 100 can be carried 

directly with a cable which is not necessarily in accordance with any audio standard, to an 

external analog/digital circuitry in connection with the receiver unit 200 through a brand-specific 

conventional connection e.g. micro USB or lightning.

[0044] Alternative embodiments can employ receiver units 200 other than smart phones or 

tablet computers, where such receiver unit 200 includes a wireless radio transceiver (e.g. 

Bluetooth, Zigbee) for communicating with said chest piece 100, processor(s), a memory, a 

display screen 201 (preferably a touch screen), switch(es), a battery, a battery-charging slot, 

an application program 202, and wired (e.g. PLC, DSL, fiber) and wireless (e.g. 2G/3G cellular, 

GPRS, Wi-Fi, Wimax, LTE) communication capabilities for communicating with at least two 

further recipients other than said chest piece 100, including said distant server 300. If the chest 

piece 100 of such embodiment is cable-connected to an external analog/digital circuitry 104, 

then the connection between the analog/digital circuitry 104 to the receiver unit 200 can be 

made through a design-specific non-conventional connection type. Alternatively, such external 

analog/digital circuitry 104 can also be integrated into the receiver unit 200, enabling the chest 

piece to be cable-connected directly to said receiver unit 200.

[0045] Referring to the Figures 1 and 2, in an alternative embodiment according to the present

invention, the chest piece 100 and the receiver unit 200 are combined in one casing, then the

combined chest piece - receiver unit can be designed to connect directly to a local data

network or global internet 500 via wired or wireless communication interface to communicate

with other components of the system. Alternatively, another embodiment according to the

present invention combines the chest piece 100 and the receiver unit 200 while still using a
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smart phone or tablet computer as receiver unit 200, wherein the chest piece 100 is installable 

at the back of said receiver unit 200 as conventional phone/tablet dock-cases do. In such case, 

auscultation is to be performed by contacting a side of the device with the microphone 101 

onto chest wall of a subject being auscultated, while the display screen 201 of the device facing 

towards the user conducting the auscultation. Therefore, such embodiment would especially 

offer a useful design for accompanied-auscultations, e.g., those performed by an 

accompanying family member or by healthcare personnel.

[0046] Referring to the Figures 1, 2, 4, 5, 6 and 7, an example for a typical operation of the 

preferred embodiment of the data acquisition (auscultation) device by the normal user is 

described as follows. The user starts (see 2021 in Figure 4) an application program 202 on the 

receiver unit 200, and follows several graphical, written and vocal directives generated by said 

application program to ensure a proper data acquisition session. If it is a first-time use (see 

2022), said directives may first lead the user to enter his/her name, surname, age, gender, and 

other useful information for identification, thus for creating a user account (see 2023). Multiple 

users can be defined in such application program, e.g., members of a family can create 

accounts for themselves using the same device. If it is not a first-time use for a specific user, 

the user enters the application program 202 through his/her own account (see 2024), and 

several directives (see 2026) lead the user to turn on the chest piece 100 e.g. using a switch 

103 (if it is Off at that instant), to enable a wireless connection e.g. a Bluetooth connection on 

receiver unit's side (if it is disabled at that instant), to wait for the connection to be established 

(if it is not already connected). Then, further directives (see 2027) lead the user to place the 

chest piece on a first auscultation location on the torso of a subject (e.g. onto his/her chest 

wall), the position of which chest piece can preferably be depicted with a cursor or as a 

bounded region on a graphical representation appearing on a display screen 201 of the 

receiver unit 200. The application program 202 preferably waits for the user to 

press/switch/touch a Start button to start recording (see 2028), and then records auscultation 

sounds during a predefined time interval (see 2029). If the algorithm 2030 and Figure 5 

detects that the chest piece is not air-tight with subject's skin, or, that the subject does not 

inhale and/or exhale properly (e.g. that the subject holds breath or that the subject breathes 

with insufficient air volumes per inspiration and expiration), the application program 202 

preferably warns the user accordingly and stops recording (see 2031), to wait for the next 

start-prompt. Upon successful completion of the recording (see 2032), several directives (see 

2027) lead the user to continue with a subsequent predefined auscultation zone on the 

subject's torso, following a predefined sequence with regard to several predefined zones on 

said torso, until the recording with the last zone in the sequence is successfully completed (see

2033) . Thus the user is instructed or guided for a sequential auscultation of several predefined 

zones on a subject's torso, which sequence is to be used in combination with different sound 

databases associated with each predefined zone for comparison. The user can listen (see

2034) to recorded sounds through a filter appropriately designed considering a normal user. 

The application program 202 may ask additional questions (see 2035) to the user (other than 

those asked for account creation), such as weight, length, smoking habits, current complaints 

etc. of a current subject; which questions may require text or numeric inputs and/or multiple 

choice answers. If a user chooses to continue (see 2036 and 2037), the application program 
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makes the receiver unit send all data 2038 to the distant server 300 to be evaluated. The 

server 300 can verify the user type (see 301 in Figure 6), performs computations and 

evaluations, and sends relevant outcomes (those that are limited suitably for the normal user) 

back to the receiver unit. The computations and evaluations performed in the server comprise 

flow signal estimation 302 from sound data, sub-phase division 303 such that the inspiration 

and expiration phases are divided into their early, mid and late portions (thus, six sub-phases 

in a full respiration cycle, three for inspiration and three for expiration), frequency domain 

transformations 304, calculation 305 of various spectral parameters and their comparison 306 

with a healthy reference, crackle and wheeze detection 307, analysis 308 of detected crackles 

in terms of spectral and temporal characteristics such as their timing, class label (i.e. fine, 

medium, coarse), and count; analysis 309 of detected wheezes in terms of spectral and 

temporal characteristics such as their timing, at least one peak frequency component, and 

percentage of duration within flow sub-phase and/or cycle and/or total cycle; calculation of 

mathematical features through frequency representations, crackle-wheeze analyses, 

mathematical transforms, signal and system characterization methods, and parametric models 

(see 310); running learning (see 355 in Figure 7) and classification (see 311) algorithms; 

decision fusion (see 312); and assessment of a probabilistic diagnosis of subject's condition 

(see 312). Graphical outputs that a normal user can be allowed to access include, but are not 

limited to:

1. (i) time plots of recorded sounds in association with pre-determined auscultation zones 

on a subject's torso, where said user can select a plot window which is an amplitude­

time window, a time interval or an amplitude interval to zoom in and zoom out, and can 

slide said plot window in any direction on the display,

2. (ii) frequency (or time-frequency) plots of recorded sound data in association with pre­

determined auscultation zones on a subject's torso, where all the zooming and sliding 

capabilities stated above in this paragraph are also valid for said frequency plots,

3. (iii) visual/graphical representations based on spectral parameters, for comparing said 

representations of recorded sounds with suitable representations of healthy reference 

data in accordance with said zones and with each flow sub-phase (see 2200 in Figure 

12),

4. (iv) a plurality of maps showing detected crackles with definitive color and/or shape- 

coded marks; a first one of said maps (see Figure 8) showing on a time-frequency axis 

where time is expressed in terms of said six subsequent sub-phases of a flow cycle and 

frequency is expressed in terms of coarse/medium/fine crackle frequency bands, and a 

second one of said maps (see Figure 10) showing on an image representing patient's 

torso with said zones,

5. (v) another plurality of maps showing detected wheezes with color and/or shape and/or 

size-coded marks; a first one of said maps (see Figure 9) showing on a time-frequency 

axis where time is expressed in terms of said six subsequent sub-phases of a flow cycle 

and frequency is represented in a continuous axis, a second one of said maps (see 

Figure 10) showing on a chest-like image with said auscultation locations.
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[0047] Thus, thanks to the abovementioned learning algorithms, the evolution of initially 

present databases on the system according to the present invention, related to various health 

conditions; and even creation of new databases related to diseases which are initially absent in 

database collections in said system, are enabled.

[0048] The system according to the present invention, in operation, displays

• said detected crackles with color codes and shape codes in a time-frequency 

representation (see Figure 8), where time is expressed in said sub-phases of inspiration 

and expiration, and where frequency is expressed in terms of fine, medium and coarse 

crackle frequency ranges, and

• said detected wheezes with color codes and shape codes in a time-frequency 

representation (see Figure 9), where time is expressed in said sub-phases of inspiration 

and expiration, and where frequency is a continuous axis.

[0049] A classification sequence is proposed according to the present invention, which 

sequence uses a sophisticated combination of algorithms for adventitious and vesicular sound 

classification, merging decisions specific for each respiration phase in a full respiration cycle 

(e.g. early, mid and late phases for both inspiration and expiration in a full respiration cycle). In 

a preferred embodiment of the system according to the present invention, a decision merging 

algorithm for different respiration phases is combined with Bayesian decision methods on a 

parametric or generative model in disease classification (e.g. GMM), and further combined with 

a linear discriminative classifier in multidimensional projection space for auscultation sounds 

classification (e.g. SVM).

[0050] In a preferred embodiment according to the present invention, said system, in 

operation, maps said detected crackles and wheezes with regard to said zones, and displays 

said detected crackles and wheezes with color codes and shape codes (see Figure 10 and 

Figure 11).

[0051] Preferably, time-plots of recorded sounds are continuously updated and can be 

observed on a screen in real-time during recording (see 2029 in Figure 4). Those time plots 

are to be updated (see 315 in Figure 6) with special colored marks, letters and waveforms for 

estimated flow sub-phases and detected crackles and wheezes after this information is 

computed in the distant server and sent back to said receiver unit (see 2100 in Figure 12). 

Preferable written and vocal reports that a normal user 10 can be allowed to access may 

include, but are not limited to:

1. (i) Written and vocalized versions of graphical outputs,

2. (ii) A visual representation and written and vocal notifications of probabilistic diagnosis of 

subject's health condition which is sent as an output of classification algorithms that run 

on said distant server.
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[0052] A user can access said outputs that he/she is authorized to access by 

pressing/touching/switching relevant buttons, or by activating associated tabs, and the like, in 

an application program 202 (in Figure 2). All recorded data which are sent to said distant 

server, all outputs generated through computations and evaluations by distant server, and all 

other information associated with user are stored in the server, and are accessible by 

authorized components of the system according to the present invention, such as a main 

computer 400 (in Figure 1) in a medical facility that can be assigned to said user regionally, or 

a health professional 11 that said user 10 is a regular patient of. Information can be appended 

in a line (see 351 in Figure 7) to be accessed and examined by a personnel who is responsible 

for dealing with said records. In case of an emergency (e.g., due to results of an evaluation of 

recorded sound data) the distant server (which may be considered as central component of 

the system according to the present invention) produces an alert message in a suitable form, 

and delivers said message to relevant medical facility and/or professional responsible from the 

user, from starting a quickest communication form e.g. a text-to-speech message over a 

phone call. Alternatively, in case a user feels urgency (e.g., due to unbearable complaints), 

even by skipping sound recording (see 2025 in Figure 4), he/she can communicate (see 2039 

in Figure 4) with a medical facility or professional through e-mail, SMS, call, or by any means 

that are technically possible at that moment. The communication can include sharing 

generated reports with a medical facility or professional using the system according to the 

present invention, the type of said reports depends on compatibility with a suitable 

communication form. Preferably, said application program 202 (in Figure 1) on the receiver unit 

200 (in Figure 2) also keeps a summary information in said unit's memory, including selected 

parameters from each auscultation-evaluation session, to keep a track of any evolution of the 

health condition of a subject over time using any previously evaluated parameters associated 

with that subject. Preferably, a user can access tracking information at any time by entering 

said application program and can see it in a graphical form and/or as a short, written report.

[0053] After a health professional approves appended information (see 352 and 353 in Figure 

7), said information is preferably to be used in said server to update (see 355 in Figure 7) 

learning algorithms. Updating the learning algorithms provides the objective technical effect of 

evolution of initially present databases related to various health conditions, and furthermore 

creation of new databases related to diseases which are initially absent in database. An 

application program 202 (in Figure 2) running on said receiver unit 200 (in Figure 1) can also 

receive any software updates sent through said distant server.

[0054] Typical operation of a preferred embodiment of the system according to the present 

invention by healthcare personnel is different from operation by a normal user in following 

aspects:

1. (i) A maximum number of allowed user accounts can be defined for a normal user, while 

it can be unlimited in healthcare personnel version of said application program,

2. (ii) said distant server identifies user type (see 301 in Figure 7), and automatically (see 

314 in Figure 6) provides a greater variety of computations and evaluations to
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healthcare personnel in comparison with those provided to a normal user,

3. (iii) accordingly, graphical outputs and written reports are prepared in more detail and in 

a technical language, to which healthcare personnel are familiar, unlike individuals 

without medical training,

4. (iv) sounds recorded can be simultaneously shared with multiple other users to enable 

simultaneous listening and examination,

5. (v) filters for rendering said sound listenable with customary acoustic properties, can be 

selected among conventional bell and diaphragm modes or alternative suitable versions 

of convenience,

6. (vi) healthcare personnel can access any previous records, evaluation results, and all 

accompanying information of those normal users under his/her responsibility, and can 

enter commentary information into said system,

7. (vii) authorized healthcare personnel can access, examine and approve any appended 

information through said application program (as well as through computers in a medical 

facility using said system).

[0055] Thus, the system according to the present invention provides different levels of 

information obtained from auscultation data, levels of which are suitable and meaningful for 

either medical facilities, or healthcare personnel, or users without medical training.

[0056] The system according to the present invention records auscultation data in a broad 

frequency band such that any sound evaluation can be produced using calculations, and using 

said filters the system outputs a customary sound in a narrower frequency band for aural 

evaluation by health professionals. Thus said system uses and produces sound data both for 

computational and aural evaluation of auscultation data.

[0057] Typical operation of a preferred embodiment of a data acquisition (auscultation) device 

of a system according to the present invention would be generally the same in a general 

framework for the alternative embodiments of the device listed above, any differences being 

introduced due to appearance of said system but not its functionality.

[0058] The system according to the present invention is preferably modifiable and/or 

extendable, and/or expandable to record, send and process heart sounds in similar modes. 

Also other medical data such as blood pressure, SpC>2, blood sugar, ECG may be incorporated 

into the system.
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Patentkrav

1. Dataopsamlings-, kommunikations og evalueringssystem, som haret bryst­

stykke til montering på menneskehud, en modtagerenhed og en fjernserver, 

hvor:

- bryststykket indkapsler en lydtransducer til opsamling af rå lyddata, som skal 

kommunikeres i form af et datasignal,

- modtageren under drift er i kommunikation med bryststykket,

- modtageren er en bærbar indretning, som har en visningsenhed og databe­

handlingsevne, og yderligere kan forbindes til et lokalt datanetværk eller glo­

balt internet via trådet eller trådløs kommunikationsgrænseflade;

- fjernserveren omfatter kodede instruktioner, som under drift behandler data­

signalerne, lagrer medicinske informationer i forbindelse med datasignalerne 

og kommunikerer med datasignalerne og/eller medicinske informationer med 

mindst to indbyrdes forskellige modtagere, hvor de mindst to modtagere er 

konfigureret til at modtage og afsende datasignalerne og/eller de medicinske 

informationer, og hvor de mindst to modtagere er udvalgt fra listen bestående 

af indretninger, som forbeholdes sundhedsfagligt personale, sundhedsfacilite­

ter og -brugere, hvor indholdet af datasignalerne og/eller de medicinske infor­

mationer er forskellige i overensstemmelse med de respektive modtagere;

- systemet er forsynet med separate databaser, hvor enhver af databaserne 

hver især er forbundet med en forskellig forudbestemt zone på den menne­

skelige torso;

- systemet omfatter en flerhed af foruddefinerede dataindsamlingskanaler 

og/eller dataindsamlingslokationer til evaluering af data fra hver forudbestemte 

zone, og hvor systemet under drift genererer direktiver til en bruger om place­

ring af bryststykket ved de forudbestemte zoner i overensstemmelse med en 

forudbestemt sekvens;

- systemet under drift vurderer et luftstrømssignal fra datasignalet under an­

vendelse af matematiske algoritmer, forudsiger indåndings- og udåndingsfa­

ser med underfaser inden for en gennemstrømningscyklus, og forudsiger un­

derfaser med indånding og underfaser med udånding;
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- systemet under drift defekterer og beregner

- spektrale og temporale kendetegn af krepitationer, herunder tidsforløb, fre­

kvensindhold, typer angående fine, medium og grove områder samt antal, og

- spektrale og temporale kendetegn af pibelyde, herundertidsforløb, mindst én 

toppunktfrekvenskomponent, og en procentdel af varighed inden for underfa­

serne af indånding og udånding, inden for indånding og udånding, inden for en 

gennemstrømningscyklus og i en samlet auskultationsperiode;

- systemet under drift genererer og viser en frekvensdomænerepræsentation 

for enhver zone og enhver underfase, ud fra hvilken systemet beregner og 

viser forskellige parametre med forbindelse til auskultation og sammenligner 

parametrene med tilsvarende parametre, der er opnået fra sundhedsreferen­

cedata, og viser resultaterne af disse sammenligninger;

- systemet under drift viser

- de detekterede krepitationer med farvekoder og form koder i en tidsfrekvens­

repræsentation, hvor tiden udtrykkes i underfaserne af indånding og udånding, 

og hvor frekvensen udtrykkes med fine, medium og grove krepitations- 

frekvensområder, og

- de detekterede pibelyde med farvekoder og form koder i en tidsfrekvensre­

præsentation, hvor tiden udtrykkes i underfaserne af indånding og udånding, 

og hvor frekvensen er en kontinuerlig akse;

- systemet omfatter en computer-kodet klassifikator, der under drift anvender 

informationer fra frekvensdomænerepræsentationerne, og tidsfrekvensrepræ­

sentationerne for hver zone og underfase, sammen med matematiske trans­

formations-, signal- og systemkarakteriseringsfremgangsmåder og parametri- 

ske modeller, og

- den computer-kodede klassifikator under drift kombinerer data og beregnin­

ger for hver zone og underfase, og genererer en probabilistisk sundhedstil­

standsrapport i forhold til en respektive database; og

- systemet under drift opdaterer den computer-kodede klassifikator som nye 

data, der er tilført den respektive database.
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2. Dataopsamlings-, kommunikations og evalueringssystem ifølge krav 1, hvor 

systemet under drift viser et plot af signalet i tidsområdet med zoomning- og 

forskydningsevner, og plottet viser underfaserne og bilyde, omfattende de de­

tekterede krepitationer og pibelyde.

3. Dataopsamlings-, kommunikations og evalueringssystem ifølge krav 1, hvor 

systemet under drift kortlægger de detekterede krepitationer og pibelyde i for­

hold til zonerne, og viser de detekterede krepitationer og pibelyde med farve­

koder og form koder.

4. Dataopsamlings-, kommunikations og evalueringssystem ifølge krav 1, hvor 

informationer, som indeholder data, som er optaget fra en person og forbundet 

med medicinske informationer, der er udvalgt fra en liste bestående af person­

oplysninger, kliniske persondata, algoritmisk evaluering og resultater fra syste­

met, og medicinske evalueringsinformationer, der tilvejebringes af et sund­

hedsfagligt personale, er selektivt tilgængelige for brugere, således at brugere 

uden lægefaglig/sundhedsfaglig baggrund og personer med lægefaglig/sund- 

hedsfaglig baggrund kan få adgang til de respektive data.

5. Dataopsamlings-, kommunikations og evalueringssystem ifølge krav 1, hvor 

systemet under drift holder øje med korrekt auskultation ved

- at kontrollere, om bryststykket er korrekt placeret, og

- at kontrollere, om en person indånder og udånder rigtigt, således at der ind­

åndes og udåndes tilstrækkelige luftvolumener til at indsamle data.

6. Dataopsamlings-, kommunikations og evalueringssystem ifølge krav 1, hvor 

systemet under drift filtrerer datasignalerne ifølge en foruddefineret frekvens- 

responsform, omfattende konventionelle klokke- og diafragma-modi.

7. Dataopsamlings-, kommunikations og evalueringssystem ifølge krav 4, hvor 

systemet under drift tidsmæssigt følger den probabilistiske sundhedstilstand
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og rapporterer hvilken som helst ændring i den probabilistiske sundhedstil­

stand eller parametrene selektivt til brugerne, og tilvejebringer data til personer 

med lægefaglig/sundhedsfaglig baggrund, sundhedsfagligt personale og ikke- 

sundhedsfagligt personalebrugere.
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