
SYSTEM AND METHOD FOR HEALTH CONDITION MONITORING 

FIELD OF THE DISCLOSURE 

[0001] 	The present invention relates to a system and a method for 

health condition monitoring, and more particularly to a system and a 

method for health condition monitoring suitable for long term use. 

BACKGROUND OF THE DISCLOSURE 

[0002] 	Nowadays, chronic heart problems and respiratory disorders 

are common progressive diseases, which are major causes of disabilities 

and leading causes of death. Monitoring and management of these 

diseases are important for medical care and can improve the quality of life 

for patients. In a wider circumstance, preventative monitoring allows 

health disorders to be detected during activities for military personnel while 

performance monitoring helps to improve the training via heart rate and 

breathing for sportsmen. 

[0003] 	Frequent monitoring of heart and respiratory functions can 

provide crucial information but frequent visit to hospitals is costly and 

inconvenient. Thus, some electronic systems have been developed for 

health condition monitoring. 	However, these systems restrict the 

movement of the user and may require the user to be physically connected 

to stationary machines, which is inconvenient and uncomfortable for use or 

even long term use. In addition, these systems either only monitor single 

function for heart or lung or can detect both heart and lung activities only 

within short period of time. 

[0004] 	Therefore, there is a need of providing a system and a method 

for health condition monitoring to obviate the drawbacks encountered from 

the prior arts. 
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SUMMARY OF THE DISCLOSURE 

[00051 	An object of the present invention is to provide a system and a 

method for health condition monitoring which can monitor both the heart 

and the lung functions of the user at anywhere and over a long duration 

with comfort. 

[00061 	In accordance with an aspect of the present invention, there is 

provided a system for health condition monitoring including a wearable 

device, a portable device and a server. The portable device is capable of 

communicating between the wearable device and the server. The system 

for health condition monitoring further includes a non-contact ECG 

(electrocardiography) acquisition module, a non-contact audio acquisition 

module, a first signal processing and analysis module and a second signal 

processing and analysis module. The non-contact ECG acquisition 

module is embedded in the wearable device for capturing ECG signals 

from a user wearing the wearable device. The non-contact audio 

acquisition module is embedded in the wearable device for capturing a 

respiratory sound signal and a heart sound signal from the user wearing the 

wearable device. The first signal processing and analysis module is 

embedded in the wearable device and connected with the non-contact ECG 

acquisition module and the non-contact audio acquisition module. The 

first signal processing and analysis module is used for receiving and 

processing the ECG signals, the respiratory sound signal and the heart 

sound signal from the non-contact ECG acquisition module and the 

non-contact audio acquisition module. Particularly, QRS detection, HR 

(heart rate) calculation and ECG derived RR (respiratory rate) 

determination are performed in the first signal processing and analysis 

module. The second signal processing and analysis module is provided 

on the server for receiving and processing the ECG signals, the respiratory 
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sound signal and the heart sound signal uploaded by the portable device. 

Particularly, heart sound localization, heart sound cancellation, respiratory 

sound restoration, and sound based RR determination are performed in the 

second signal processing and analysis module, so as to obtain information 

for health condition monitoring. 

[0007] 	In accordance with another aspect of the present invention, 

there is provided a method for health condition monitoring. The method 

includes steps of: (a) providing a wearable device, a portable device and a 

server, the wearable device comprising an embedded non-contact ECG 

acquisition module, an embedded non-contact audio acquisition module 

and an embedded first signal processing and analysis module, the portable 

device being capable of communicating between the wearable device and 

the server, the server comprising a second signal processing and analysis 

module; (b) capturing ECG signals by the non-contact ECG acquisition 

module and capturing a respiratory sound signal and a heart sound signal 

by the non-contact audio acquisition module from the user wearing the 

wearable device; (c) processing the ECG signals, the respiratory sound 

signal and the heart sound signal by the first signal processing and analysis 

module to perform QRS detection, HR (heart rate) calculation and ECG 

derived RR (respiratory rate) determination; and (d) processing the ECG 

signals, the respiratory sound signal and the heart sound signal by the 

second signal processing and analysis module to perform heart sound 

localization, heart sound cancellation, respiratory sound restoration, and 

sound based RR determination, and thus obtaining information for health 

condition monitoring. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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[0008] 	FIG 1 is a diagram illustrating a system for health condition 

monitoring according to an embodiment of the present invention; 

[0009] 	FIG 2 is a diagram illustrating a system for health condition 

monitoring according to another embodiment of the present invention; 

[0010] 	FIG. 3 is a detailed diagram illustrating the system for health 

condition monitoring of FIG 1; 

[0011] 	FIG. 4 is a diagram illustrating the positions of the three 

non-contact ECG sensors on a human body while wearing the wearable 

device; 

[0012] 	FIG 5 is a circuit diagram illustrating the non-contact ECG 

acquisition module according to an embodiment of the present invention; 

[0013] 	FIG 6 is a circuit diagram illustrating the non-contact ECG 

acquisition module according to another embodiment of the present 

invention; 

[0014] 	FIG 7 is a diagram illustrating the positions of the two 

non-contact audio sensors on a human body while wearing the wearable 

device; 

[0015] 	FIG 8 is a schematic view illustrating the non-contact audio 

sensor; 

[0016] 	FIG 9 is a schematic view illustrating the wearable device; 

[0017] 	FIG 10 is another schematic view illustrating the wearable 

device in wearing state; 

[0018] 	FIG 11 is a diagram illustrating a method for health condition 

monitoring according to an embodiment of the present invention; 

[0019] 	FIG 12 is a diagram illustrating the QRS detection in the 

wearable device; 

[0020] 	FIG 13 is a diagram illustrating the QRS detection in the 

server; and 
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[0021] 	FIG 14 is a flow chart illustrating a method for health 

condition monitoring according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0022] 	The present disclosure will now be described more specifically 

with reference to the following embodiments. It is to be noted that the 

following descriptions of preferred embodiments of this disclosure are 

presented herein for purpose of illustration and description only. It is not 

intended to be exhaustive or to be limited to the precise form disclosed. 

[0023] 	FIG 1 is a diagram illustrating a system for health condition 

monitoring according to an embodiment of the present invention. As 

shown in FIG 1, the system 1 for health condition monitoring includes a 

wearable device 20, a portable device 30 and a server 40. When the 

wearable device 20 is worn by a user, the ECG (electrocardiography), the 

heart sound and the respiratory sound of the user can be acquired. The 

wearable device 20 can communicate with the portable device 30 for data 

transmission. Moreover, the data can be further uploaded to the server 40 

through the internet web services. By means of the portable device 30 

and the server 40, the doctors, caretakers and family members of the user 

can retrieve data or be informed of situation where the user is in need of 

care or emergency medical treatments. Preferably but not exclusively, the 

wearable device 20 is a wearable vest and the portable device 30 is a smart 

phone or a tablet. 

[0024] 	FIG 2 is a diagram illustrating a system for health condition 

monitoring according to another embodiment of the present invention. As 

shown in FIG. 2, the system 1 may include plural wearable devices 20A, 

20B and plural portable devices 30A, 30B. The plural wearable devices 

20A may communicate with the same portable device 30A, and the plural 
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wearable devices 20B may communicate with the same portable device 

30B. For example, the plural wearable devices 20A may be worn by 

family members, so that the health conditions of the family may be 

monitored on the same portable device 30A. Similarly, the plural 

wearable devices 20B may be worn by members of another family, sport 

team or military unit, so as to monitor the health conditions of the members 

for the same group on the same portable device 30B. 

[0025] 	FIG 3 is a detailed diagram illustrating the system for health 

condition monitoring of FIG 1. As shown in FIG 3, the wearable device 

20 includes a non-contact ECG acquisition module 21 and a non-contact 

audio acquisition module 22 to acquire ECG signals and audio signals, 

respectively, from the user wearing the wearable device 20. The 

non-contact ECG acquisition module 21 and the non-contact audio 

acquisition module 22 are embedded in the wearable device 20 and do not 

directly contact the skin of the user. In other words, direct skin contact is 

not necessary for the system 1 for health condition monitoring of the 

present invention, so the user can be fully clothed. This not only fulfils 

the requirement of hygiene purpose but also makes the wearer feel 

comfortable to improve the compliance of long term use. 

[0026] 	In an embodiment, the non-contact ECG acquisition module 

21 includes three or more non-contact ECG sensors. FIG 4 is a diagram 

illustrating the positions of the three non-contact ECG sensors on a human 

body while wearing the wearable device. When the user is wearing the 

wearable device 20, the three non-contact ECG sensors will be placed at 

the positions shown as grey circles in FIG 4, which are at the top of the 

manubrium, the left side of the ninth rib, and the right side of the ninth rib. 

The ECG signals captured from the non-contact ECG sensors located at the 

top of the manubrium vs. the left side of the ninth rib have similar 
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waveform as the traditional ECG In addition, since there are relatively 

less muscles at both sides of the ninth rib, the ECG signals captured from 

the non-contact ECG sensors located at the left side of the ninth rib vs. the 

right side of the ninth rib are interfered less by muscle movement, and are 

thus chosen for ECG signal records during exercises. 

[0027] 	The non-contact ECG acquisition module 21 is used for 

capturing ECG signals from the user wearing the wearable device 20 

through the non-contact ECG sensors. FIG 5 is a circuit diagram 

illustrating the non-contact ECG acquisition module according to an 

embodiment of the present invention. As shown in FIG 5, the 

non-contact ECG acquisition module 21 includes three non-contact ECG 

sensors 211 based on capacitance, two differential amplifying circuits 212 

and two power line filters 213. The three non-contact ECG sensors 211 

capture the ECG signals, and then the ECG signals are pre-processed by the 

non-contact ECG acquisition module 21. A pair of non-contact ECG 

sensors 211 will provide one differential ECG signal. In an embodiment, 

the ECG signals from paired non-contact ECG sensors 211, i.e. sensors 

located at the top of the manubrium vs. the left side of the ninth rib and 

sensors located at the left side of the ninth rib vs. the right side of the ninth 

rib, are differentiated by the differential amplifying circuit 212 and then 

filtered by the power line filter 213. Accordingly, two sets of differential 

ECG signals are acquired from the three non-contact ECG sensors 211 in 

the wearable device 20. One set of differential non-contact ECG signal 

provides an ECG signal that emulates 3-leads ECG, while another set of 

differential non-contact ECG signal provides an ECG signal that is robust 

to motions of user's daily activities. The emulated 3-leads ECG allows 

medical practitioners to examine user's ECG signal they are familiar with 
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while the robust ECG signals are used for IBI (inter-beat interval) 

computation. 

[0028] 	Therefore, by means of the three non-contact ECG sensors 211 

and the dual differential amplifying circuits 212, the non-contact ECG 

acquisition module 21 is configured to emulate conventional 3-leads ECG 

output, and is resistant to motions of user and suitable for long term signal 

acquisition. 

[0029] 	Nevertheless, the numbers of the non-contact ECG sensors 

211, the differential amplifying circuits 212 and the power line filters 213 

included in the non-contact ECG acquisition module 21 are not limited to 

those shown in FIG 5. FIG 6 is a circuit diagram illustrating the 

non-contact ECG acquisition module according to another embodiment of 

the present invention. As shown in FIG. 6, the non-contact ECG 

acquisition module 21 includes more than three non-contact ECG sensors 

211, more than two differential amplifying circuits 212 and more than two 

power line filters 213. The non-contact ECG sensors 211 capture the 

ECG signals, and then the ECG signals are pre-processed by the 

non-contact ECG acquisition module 21. Similar to the embodiment 

shown in FIG 5, a pair of non-contact ECG sensors can provide one 

differential ECG signal, which is further filtered by the power line filter 

213. 

[0030] 	In an embodiment, the ECG signal pre-processing further 

includes ground equalization, isolated gain, and other differential 

subsystems. All parameters for the ECG signal pre-processing are tunable 

from a microcontroller 23 of the wearable device 20, and this allows tuning 

of circuitries for different users. 

[0031] 	In an embodiment, the non-contact audio acquisition module 

22 includes two or more non-contact audio sensors for capturing a 
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respiratory sound signal and a heart sound signal from the user wearing the 

wearable device 20. FIG 7 is a diagram illustrating the positions of the 

two non-contact audio sensors on a human body while wearing the 

wearable device. When the user is wearing the wearable device 20, the 

two non-contact audio sensors will be placed at the positions shown as grey 

hexagons in FIG 7. The primary non-contact audio sensor is located at 

the lung area in the right chest, and the auxiliary non-contact audio sensor 

is located at the heart area in the left chest, so as to capture the respiratory 

sound signal by the primary audio path and capture the heart sound signal 

by the secondary audio path, respectively. In an embodiment, the 

non-contact audio sensor is a MEMS (microelectro-mechanical system) 

microphone sensor. 

[0032] 	FIG 8 is a schematic view illustrating the non-contact audio 

sensor. As shown in FIG 8, the non-contact audio sensor includes an 

audio sensor chip 221, a flexible PCB board 222, an acoustic chamber 223 

and a holder 224. The audio sensor chip 221 is mounted on the flexible 

PCB board 222, and the flexible PCB board 222 is assembled with the 

acoustic chamber 223 by the holder 224 to form an integrated component. 

The bell-shaped acoustic chamber 223 totally encloses the audio sensor 

chip 221 and uses bell-shaped waveguide to optimize transfer of sound 

from user's body to the audio sensor chip 221 while blocking external 

soundwave, so as to amplify lung or heart sound and attenuate external 

undesirable sound. 

[0033] 	Referring to FIG 3 again. The wearable device 20 also 

includes a microcontroller 23, a first signal processing and analysis module 

24, a data storage 25 and a first transceiver 26, which are all embedded in 

the wearable device 20. The microcontroller 23 is connected with the 

non-contact ECG acquisition module 21 and the non-contact audio 
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acquisition module 22, and transmits the ECG signals and the audio signals 

from the non-contact ECG acquisition module 21 and the non-contact 

audio acquisition module 22 to the first signal processing and analysis 

module 24 for further processing. In an embodiment, the first signal 

processing and analysis module 24 includes a digital signal processor. 

The captured signals and processed data can be stored in the data storage 

25. In an embodiment, the data storage 25 is a flash memory. The 

microcontroller 23 manages the operations of the non-contact ECG 

acquisition module 21, the non-contact audio acquisition module 22, and 

the first signal processing and analysis module 24. The microcontroller 

23 also manages the operations of the data storage 25, and manages the 

communication with the portable device 30 through the first transceiver 26. 

Preferably but not exclusively, the microcontroller 23 is a Bluetooth 

microcontroller, and the first transceiver 26 is a Bluetooth transceiver. 

[0034] 	The wearable device 20 further includes a battery charging 

module 27, a battery 28 and a power supply module 29. The wearable 

device 20 is powered by the battery 28. In an embodiment, the battery 28 

is a lithium polymer battery but not limited thereto. The battery charging 

module 27 is connected with the battery 28 and manages the charging 

procedure of the battery 28. The power supply module 29 is connected 

with the battery 28 and converts the power from the battery 28 into the 

required voltages for the non-contact ECG acquisition module 21, the 

non-contact audio acquisition module 22, the microcontroller 23, the first 

signal processing and analysis module 24, the data storage 25 and the first 

transceiver 26. 

[0035] 	FIG. 9 is a schematic view illustrating the wearable device, 

and FIG 10 is another schematic view illustrating the wearable device in 

wearing state. As shown in FIGS. 9 and 10, the wearable device 20 is a 
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wearable vest, which is used to host the non-contact ECG acquisition 

module 21 and the non-contact audio acquisition module 22 and to make 

sure the wearer comfortable. The wearable device 20 is with two-layer 

design which is fully detachable. The wearable device 20 includes an 

outer layer 201 and an inner layer 202. The outer layer 201 is made of 

elastic fabric and hence it is stretchable and can apply pressure to the body 

of the wearer. The inner layer 202 is made of meshed clothing with 100% 

cotton which is comfortable for users to wear. The non-contact ECG 

acquisition module 21 and the non-contact audio acquisition module 22 and 

wires thereof are attached to the inner layer 202 and deployed between the 

outer layer 201 and the inner layer 202. The outer layer 201 and the inner 

layer 202 are bonded together using snap fasteners, so the wearable device 

20 is washable to fulfill the requirement for hygiene purpose. Most 

important, the design of the wearable device 20 makes the non-contact 

ECG acquisition module 21 and the non-contact audio acquisition module 

22 fastened firmly to the proper positions to obtain signals with good 

quality. Accordingly, the wearable device 20 is able to provide safety, 

capability, convenience and comfort to the users. 

[0036] 	In an embodiment, all sensors of the non-contact ECG 

acquisition module 21 and the non-contact audio acquisition module 22 are 

built as flexible PCB to make the wearable device 20 comfortable for the 

user to wear. To secure the ECG sensors of the non-contact ECG 

acquisition module 21 and the audio sensors of the non-contact audio 

acquisition module 22 to the proper positions of the human body, each of 

the sensors is independently attached to a patch, and the sensor patches are 

sewed to the proper positions in the inner-side of the inner layer 202 to hold 

the sensors. Therefore, the non-contact ECG acquisition module 21 and 

the non-contact audio acquisition module 22 are deployed between the 
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outer layer 201 and the inner layer 202, and the sensors of the modules 21 

and 22 are fastened firmly to the proper positions and face the human body 

to obtain signals with good quality. 

[0037] 	In an embodiment, an inner conduit is provided to contain 

wires of the non-contact ECG acquisition module 21 and the non-contact 

audio acquisition module 22 therein so the wires are invisible to the user. 

The inner conduit is also sewed to the inner-side of the inner layer 202 and 

deployed between the outer layer 201 and the inner layer 202. In addition, 

rubber pads are provided under the sensor patches of the non-contact ECG 

acquisition module 21 to make the ECG sensors more protruding so that 

the wearable device 20 needs not to be too tight. 

[0038] 	In an embodiment, the wearable device 20 includes two 

bonding parts 203 located at two open sides of the wearable device 20, 

which makes the wearable device 20 convenient to put on. Preferably but 

not exclusively, the two bonding parts 203 are hook-and-loop fasteners, 

such as Vecro. It is flexible for the user with different sizes by adjusting 

the bonding position of two bonding parts 203. 

[0039] 	In an embodiment, the wearable device 20 uses conductive 

clothing adopted for soft grounding. The wearable device 20 includes a 

two-section strip 204 made of conductive clothing to ensure secure 

grounding. The two-section strip 204 includes a first portion 2041 and a 

second portion 2042. The first portion 2041 is connected with the 

electronic components in the wearable device 20, such as the non-contact 

ECG acquisition module 21 and the non-contact audio acquisition module 

22. 	The second portion 2042 is connected with the first portion 2041, and 

is replaceable to replace the worn-out portion. 

[0040] 	As shown in FIG 10, a deep-V collar 205 is provided around 

the neck of the wearer, and two large indentations 206 are provided around 
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the shoulders and arms of the wearer, which are designed to leave more 

space to the wearer to make him feel comfortable. Besides, the large 

indentations 206 make the wearable device 20 less movable while the 

wearer moving his arms. Therefore, the ECG signals can be obtained 

with high quality because of reduced interference. 

[0041] 	In an embodiment, the wearable device 20 further includes a 

pocket 207 disposed on the outside of the wearable device 20. The pocket 

207 is used to accommodate hard components of the system, such as the 

battery 28, so that wearable device 20 is comfortable for the user to wear. 

[0042] 	Referring to FIG 3 again. The portable device 30 includes a 

second transceiver 31, an application (App) 32 and a first database 33. 

The second transceiver 31 of the portable device 30 is communicated with 

the first transceiver 26. Preferably but not exclusively, the second 

transceiver 31 is also a Bluetooth transceiver, and the communication 

between the first transceiver 26 and the second transceiver 31 is through 

the Bluetooth protocol catered for low power consumption. NFC (Near 

Field Communication) system is used to power up the wearable device 20 

from deep sleep and pairing for Bluetooth, which removes the need for 

mechanical switches and button for wearable device 20. The App 32 is 

designed to communicate with the wearable device 20 for its operation and 

data transmission, and also communicate with the server 40 for its 

operation and data transmission. The data can be stored in the first 

database 33 and can be observed on the portable device 30 for result 

display or further uploaded to the server 40 through internet web services, 

such as mobile data network. 

[0043] 	Except for data transmission, the portable device 30 provides 

various functionalities. By the customized App 32, the portable device 30 

is able to provide system control, result display and cloud services. For 
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example, the portable device 30 can display the real-time waveforms of the 

signals for real-time monitoring. The user may listen to the lungs/heart 

sounds through the portable device 30. The user can control the system 1 

via the portable device 30. Moreover, the portable device 30 can display 

or issue the warning/alarm signal when the user is in need of care or 

emergency medical treatments. 

[0044] 	The server 40 includes a cloud server 41, aT second signal 

processing and analysis module 42 and a second database 43. The cloud 

server 41 is interacted with the application 32 of the portable device 30 

through the internet web services to receive the data transmitted from the 

portable device 30 by the application 32. The received data, including the 

ECG signals and the audio signals, can be further processed by the second 

signal processing and analysis module 42. The received data and the 

processed data can be stored in the second database 43. 

[0045] 	FIG. 11 is a diagram illustrating a method for health condition 

monitoring according to an embodiment of the present invention. For 

ECG signal processing, the ECG signal obtained by the non-contact ECG 

acquisition module 21 is first filtered to remove the baseline wandering and 

other noise out of the desired band. The filtering can be realized by 

different techniques according to the application scenario, and can be 

performed in both the first signal processing and analysis module 24 of the 

wearable device 20 and the second signal processing and analysis module 

42 of the server 40. For example, when the filtering is performed in the 

second signal processing and analysis module 42 of the server 40, the 

filtering can be implemented by some sophisticated technique such as 

non-linear filtering to retain the details in the waveform of the signal. 

When the filtering is performed in the first signal processing and analysis 

module 24 of the wearable device 20, the filtering can be implemented by 
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some simple technique such as linear filtering. However, other than the 

bandwidth usually used in filtering the ECG signal obtained by traditional 

ECG devices, the bandwidth used in the present invention depends on the 

characteristics of the ECG signal obtained by the non-contact ECG 

acquisition module 21. In an embodiment, the bandwidth used in filtering 

the ECG signal obtained by the non-contact ECG acquisition module 21 

applied to the side of the user's body is 0.67-150 Hz. Particularly, the 

bandwidth 10-50 Hz is used in filtering the ECG signal to acquire a reliable 

QRS detection. 

[0046] 	After the filtering for baseline wandering removal and noise 

reduction, waveform analysis and peak detection are conducted to the 

filtered ECG signal. Different techniques can be used to do this. For 

example, a derivative processing based technique can be used in the first 

signal processing and analysis module 24 of the wearable device 20 to 

detect the QRS complex, while in the second signal processing and analysis 

module 42 of the server 40, a template matching based technique can be 

applied to do this job. 

[0047] 	FIG 12 is a diagram illustrating the QRS detection in the 

wearable device which uses a derivative processing based technique. The 

filtered ECG signal is differentiated to provide the QRS complex slope 

information. After the derivative processing, the signal is squared point 

by point to attenuate the noise and emphasize the ECG components (i.e. the 

ECG frequencies). Then the moving-window integration is applied to 

obtain the waveform feature information of the R wave. The QRS 

complex corresponds to the rising edge of the integration waveform. A 

fiducial mark for the temporal location of the QRS complex can be 

determined from this rising edge. Finally the threshold will be adjusted 

automatically to float over the noisy/interference components. 
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[0048] 	FIG 13 is a diagram illustrating the QRS detection in the 

server which uses a template matching based technique. For the template 

matching based technique, the template pre-stored in the system will be 

used during the initial phase. The template matching is conducted by 

correlating the template model with the filtered ECG signal. Adaptive 

thresholding is then applied to detect the R peaks. The detected peaks 

will be evaluated, and IBI (inter-beat interval) will be calculated. Those 

intervals which exceed the pre-defined percentage (e.g. 120%) of their 

previous intervals will be treated as unreliable and the corresponding peaks 

will be discarded. For those peaks which pass the evaluation, the 

corresponding QRS complex will be used to update the template. The 

template will be updated regularly once the timer reaches the pre-defined 

value of time duration (e.g. 10 seconds). 

[0049] 	Afterward, the output of the waveform analysis and QRS 

detection will be used to do the feature extraction and heart rate (HR) and 

heart rate variability (HRV) calculation, as shown in FIG 11. The results 

of the feature extraction and HR/HRV calculation are not only a part of the 

final output but also intermediate output that would be exploited in further 

processing steps. 

[0050] 	For audio signal processing, the respiratory sound signal and 

the heart sound signal captured by the two non-contact audio sensors of the 

non-contact audio acquisition module 22 are first processed in the first 

signal processing and analysis module 24 of the wearable device 20 for 

bandpass filtering and adaptive noise cancellation (ANC). 	In an 

embodiment, the first signal processing and analysis module 24 includes an 

adaptive filter with ANC configuration. As shown in FIG 9, the 

respiratory sound signal and the heart sound signal are first filtered to 

compress the components out of the desired band. Then the adaptive filter 
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with ANC configuration is applied to suppress both the ambient noise and 

the heart sound simultaneously. 

[0051] 	In other words, the system 1 for health condition monitoring 

uses a dual-channel framework consisting of two audio sensors. The heart 

sound signal captured by the auxiliary non-contact audio sensor and the 

respiratory sound signal captured by primary non-contact audio sensor 

constitute the configuration of ANC, where both the ambient noise and the 

heart sound will be suppressed. 

[0052] 	The heart sound signal captured by the auxiliary non-contact 

audio sensor is not only used as a part of the ANC configuration to 

suppress the heart sound, but also used to estimate the locations of heart 

sound portions with an algorithm proposed in the present invention, which 

is named multiband products based on FFT (fast Fourier transform) 

coefficients. The short-time Fourier transform (STFT) is applied to the 

filtered heart sound signal from the auxiliary non-contact audio sensor 

every particular time period to transform it into frequency domain. 

Setting the time period to a pre-defined value N1, where N1  ranges from 10 

ms to 1000 ms. In an embodiment, N1  ranges from 32 ms to 64 ms. The 

number of selected samples in every frame for one STFT is Rs  * NI  = Nit  , 

where its  is the sampling rate. The overlap between the successive frames 

could be 0-100%. In an embodiment, the overlap between the successive 

frames is 20-80%, more preferably 40-60%, and most preferably 50%. 

The two-dimension representation of the filtered signal along the time and 

frequency axis is given by the STFT as the following formula: 

S(r , f) = 	s(t)h* (t — r)e-'2'fi d t 	 (1) 

where s(t) is the time-domain signal, h(t-r) is the window function, r is the 

shift in time, and "*" represents the complex conjugate. Once the FFT 
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coefficients S(r, j) are obtained, the multiband products can be calculated 

by multiplying the FFT coefficients of the desired sub-bands as the 

following formula: 
k 

PJ,k(T)=n1ser,01 
	

(2) 

where j is a positive number equal to or greater than 0 which corresponds 

to the lower bound of the desired sub-band of the heart sound, k is a 

positive number greater than or equal to j and corresponds to the upper 

bound of the desired sub-band of the heart sound, Ppc  is the multiband 

product of FFT coefficients from the jth sub-band to the kth sub-band, and 

S(r, i) is the FFT coefficient. The multiband product Pp, is compared 

with an adaptive threshold. If the multiband product Pi,k is greater than 

the adaptive threshold, the corresponding r is identified as belonging to the 

heart sound portion. 

10053] 	The accuracy of estimation of heart sound locations can be 

improved by combining the information provided by ECG signals and the 

locations estimated from the audio signals. There is a relationship 

between the ECG signal and the heart sound signal, pre-ejection period 

(PEP), which is the time interval from R-peak of ECG to the first heart 

sound (S1) of PCG (phonocardiogram) recorded from the chest. Since 

ECG signal and the respiratory sound signal are collected at the same time 

and the approximate value of PEP is around 100 ms, when the R-peak is 

detected, the processed respiratory sound signal can be searched at the 

portion about 100 ms apart from the point of the R-peak. Therefore S1 

can be identified with higher accuracy. The information of accurate 

locations of heart sounds is then exploited in the further step to remove the 

residual heart sound from the output of the ANC for heart sound 

cancellation. 
18 



[0054] 	The restoration of respiratory sound during the removed heart 

sound portions can be done by estimating the removed data by linear 

prediction, using either autoregressive (AR) or moving average (MA) 

models. The STFT is applied to the signal at the output of ANC similar as 

described in Paragraph [0052], therefore FFT coefficients SANc(r, fi are 

obtained. Once the heart sound portions are localized, the information is 

used in the ANC path, i.e. the FFT coefficients in SANcfr, J) corresponding 

to the heart sound portions will be removed from SANc(r, 	The gap 

between two successive respiratory sound portions is filled in by 

interpolated FFT coefficients obtained from the linear prediction. The 

linear prediction is conducted in each sub-band of the desired frequency 

bands, using either AR or MA models. The refurbished FFT coefficients 

after interpolation are denoted as SANar, f). Then IFFT (inverse FFT) is 

applied to the refurbished FFT coefficients to restore the respiratory sound. 

Therefore a cleaner respiratory signal can be used for respiration analysis. 

[0055] 	Respiratory rate (RR) can be estimated from ECG signals. 

After the R-peak detection is done, IBI can be calculated from the locations 

of R-peaks. Applying spectrum analysis to the IBI, the respiratory rate 

can be estimated by searching the maximum point in the frequency range 

of 0.2-1 Hz of the spectrum. Accordingly, the ECG derived RR is 

obtained. 

[0056] 	Alternatively, the respiratory rate can also be estimated from 

the cleaned respiratory signals after heart sound cancellation by a spectral 

processing method. A quadratic detection function is applied to the FFT 

coefficients to obtain the spectral parameters. This operation can be 

performed as follows by multiplying the squared frequency with the power 

of its FFT coefficients as the following formulas: 
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fn) = ISANCx fn )12  fn2 (n= n1 ,n,+1,• • • n2 ) 	 (3 ) 

nz  

P (r) = E Q(r,  
n=n, 

where r is the shift in time, f is the frequency, n1  is a positive number equal 

to or greater than 0 which corresponds to the lower bound of the desired 

sub-band of the respiratory sound, n2  is a positive number greater than or 

equal to n1  and corresponds to the upper bound of the desired sub-band of 

the respiratory sound, and SANcr(r, j9  is the refurbished FFT coefficient. 

Then autocorrelation function is applied to this result and generally the 

second peak in the autocorrelation represents the RR. Accordingly, the 

sound based RR is obtained. However in the case when one respiratory 

phase is more prominent, the RR may be better estimated by the first peak. 

[0057] 	After the RR estimate is derived from the ECG signal and 

from the audio signals respectively, the sound based RR and the ECG 

derived RR are then combined by a weighted method to give the final result 

of RR. A score system is developed as the following formula to 

determine how to combine the individual estimates: 

RR = wecg  • RRecg + w ,0„nd  • RR,0„,d 	(5) 

where 0 < Wecg < 1, 0 < wsound < 1, Wecg Wsound = 

[0058] 	This method includes a logical analysis to choose the weights 

used in the RR combination, i.e. the weight will be assigned based on the 

quality of the signal itself. The signal with better quality will be assigned 

a heavier weight. The evaluation of signal quality will be approximated 

by the peak evaluation mentioned in the ECG signal processing. Before 

calculating the HRV, the RR-interval is corrected to get the NN-interval. 

The difference between the NN-interval and the RR-interval, i.e. the 

percentage on the number of RR-intervals that have been rectified, can be 

(4) 
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used as an indicator of the quality of the ECG signal. The values of 

weight pairs can be determined based on the indicator by looking up the 

table pre-defined in the system. 

[0059] 	At last the features extracted from respiratory signal together 

with the features extracted from ECG signal, and the features induced from 

both the respiratory and ECG signals will be combined by data fusion 

analysis to give the final results on case identification and condition 

analysis of the wearer. 

[0060] 	The data fusion may be used in different levels and aspects. 

The data fusion may be used in localizing heart sound portions from 

respiratory sound by combining position information derived from the 

secondary audio path and that from ECG signal. The data fusion may be 

used in calculation of RR by combining RR estimate derived from ECG 

signal and RR estimate derived from respiratory sound. The data fusion 

may be used in weighted RR combination by a score system based on 

logical analysis, i.e. RR estimate from better signal quality is assigned a 

heavier weight while signal quality is evaluated by the percentage of the 

number of RR intervals to be corrected to get NN-interval in ECG The 

data fusion may also be used in identification of specific events and health 

condition analysis by combing all information derived from the whole 

feature space, which is spanned by the individual spaces from ECG and 

respiration respectively. 

[0061] 	The present invention also provides a method for health 

condition monitoring. FIG 14 is a flow chart illustrating a method for 

health condition monitoring according to an embodiment of the present 

invention. 

[0062] 	Firstly, a wearable device, a portable device and a server are 

provided (Step S51). The wearable device includes an embedded 
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non-contact ECG acquisition module, an embedded non-contact audio 

acquisition module and an embedded first signal processing and analysis 

module. The portable device is capable of communicating between the 

wearable device and the server. The server includes a second signal 

processing and analysis module. 

[0063] 	Then, ECG signals are captured by the non-contact ECG 

acquisition module, and a respiratory sound signal and a heart sound signal 

are captured by the non-contact audio acquisition module from the user 

wearing the wearable device (Step S52). 

[0064] 	Subsequently, the ECG signals, the respiratory sound signal 

and the heart sound signal are processed by the first signal processing and 

analysis module to perform QRS detection, HR calculation and ECG 

derived RR determination (Step S53). 

[0065] 	Afterward, the ECG signals, the respiratory sound signal and 

the heart sound signal are processed by the second signal processing and 

analysis module to perform heart sound localization, heart sound 

cancellation, respiratory sound restoration, and sound based RR 

determination, and thus obtaining information for health condition 

monitoring (Step S54). 

[0066] 	Further, a final result of RR from the ECG derived RR and the 

sound based RR is obtained by a weighted method, where the RR from 

better signal quality is assigned a heavier weight. 

[0067] 	The detailed signal processing and analysis procedures are 

described in the above paragraphs and are not redundantly described here 

again. 

[0068] 	In conclusion, the present invention provides a system and a 

method for health condition monitoring. The inventive system for health 

condition monitoring includes a wearable device, a portable device and a 
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server. The non-contact ECG acquisition module and the non-contact 

audio acquisition module used to acquire ECG signals and audio signals are 

embedded in the wearable device and do not directly contact the skin of the 

user, which fulfils the requirement of hygiene purpose and makes the 

wearer feel comfortable to improve the compliance of long term use. The 

wearable device is designed to provide safety, capability, convenience and 

comfort to the users. The wearable device also includes a signal 

processing and analysis module capable of performing QRS detection, HR 

calculation and ECG derived RR determination. Other signal processing 

and analysis may be performed on the server side. Particularly, the 

dual-channel framework consisting of two audio sensors are used to 

capture the respiratory sound signal and the heart sound signal, and the 

multiband products based on FFT coefficients are used for the heart sound 

localization and the heart sound cancellation. The features extracted from 

ECG signals, the respiratory sound signal and the heart sound signal can be 

further combined by data fusion analysis to give the final results on 

condition analysis for the heart and the lung of the user. By means of the 

portable device and the server, the doctors, caretakers and family members 

of the user can retrieve data or be informed of situation where the user is in 

need of care or emergency medical treatments. Therefore, the present 

invention provides a system and a method for health condition monitoring 

incorporating ECG and audio sensors, which can be used for the detection, 

recording, and analysis of signals related to heart and lung functions, 

anywhere and over a long duration, including treatment 

response/rehabilitation. Further, the proposed system and method for 

health condition monitoring may also provide early warning of chronic 

diseases or alarm for fatigue, stress level etc. Thus, the proposed system 
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and method provide not only current monitoring but also preventative 

monitoring for health conditions of the user. 

[00691 	While the invention has been described in terms of what is 

presently considered to be the most practical and preferred embodiments, it 

is to be understood that the invention needs not be limited to the disclosed 

embodiment. 	On the contrary, it is intended to cover various 

modifications and similar arrangements included within the spirit and scope 

of the appended claims which are to be accorded with the broadest 

interpretation so as to encompass all such modifications and similar 

structures. 
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WHAT IS CLAIMED IS: 

1. A system for health condition monitoring comprising a wearable 

device, a portable device and a server, the portable device being capable of 

communicating between the wearable device and the server, the system for 

health condition monitoring further comprising: 

a non-contact ECG acquisition module embedded in the wearable 

device for capturing ECG signals from a user wearing the wearable device; 

a non-contact audio acquisition module embedded in the wearable 

device for capturing a respiratory sound signal and a heart sound signal 

from the user wearing the wearable device; 

a first signal processing and analysis module embedded in the wearable 

device and connected with the non-contact ECG acquisition module for 

receiving and processing the ECG signals, wherein QRS detection, HR 

(heart rate) calculation and ECG derived RR (respiratory rate) 

determination are performed in the first signal processing and analysis 

module, and the first signal processing and analysis module is connected 

with the non-contact audio acquisition module for receiving and processing 

the respiratory sound signal and the heart sound signal; and 

a second signal processing and analysis module provided on the server 

for receiving and processing the ECG signals, the respiratory sound signal 

and the heart sound signal uploaded by the portable device, wherein heart 

sound localization, heart sound cancellation, respiratory sound restoration, 

and sound based RR determination are performed in the second signal 

processing and analysis module, so as to obtain information for health 

condition monitoring. 

2. The system for health condition monitoring according to claim 1, 

wherein the wearable device is a wearable vest, and the portable device is a 

smart phone or a tablet. 
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3. The system for health condition monitoring according to claim 1, 

wherein the non-contact ECG acquisition module and the non-contact 

audio acquisition module do not directly contact the skin of the user. 

4. The system for health condition monitoring according to claim 1, 

wherein the non-contact ECG acquisition module comprises three or more 

non-contact ECG sensors. 

5. The system for health condition monitoring according to claim 4, 

wherein the non-contact ECG sensors are located at a top of the manubrium, 

a left side of the ninth rib, and a right side of the ninth rib when the user is 

wearing the wearable device. 

6. The system for health condition monitoring according to claim 1, 

wherein the non-contact audio acquisition module comprises two or more 

non-contact audio sensors for capturing the respiratory sound signal and the 

heart sound signal. 

7. The system for health condition monitoring according to claim 6, 

wherein the non-contact audio sensor is a MEMS (microelectro-mechanical 

system) microphone sensor. 

8. The system for health condition monitoring according to claim 6, 

wherein the non-contact audio sensor comprises a bell-shaped acoustic 

chamber to optimize transfer of sound from the user's body and block 

external soundwave. 

9. The system for health condition monitoring according to claim 1, 

wherein the wearable device further comprises: 

a microcontroller connected with and managing operations of the 

non-contact ECG acquisition module, the non-contact audio acquisition 

module, and the first signal processing and analysis module; 

a data storage connected with the microcontroller for storing the 

captured signals and processed data; and 
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a first transceiver connected with the microcontroller. 

10. The system for health condition monitoring according to claim 9, 

wherein the portable device comprises a second transceiver capable of 

communicating with the first transceiver of the wearable device. 

11. The system for health condition monitoring according to claim 10, 

wherein the first transceiver and the second transceiver communicate with 

each other through a Bluetooth protocol. 

12. The system for health condition monitoring according to claim 1, 

wherein the portable device comprises an application capable of 

communicating with the wearable device and the server for their operations 

and data transmissions. 

13. The system for health condition monitoring according to claim 1, 

wherein the wearable device comprises an outer layer and an inner layer, 

and the non-contact ECG acquisition module and the non-contact audio 

acquisition module are attached to the inner layer and deployed between 

the outer layer and the inner layer. 

14. The system for health condition monitoring according to claim 1, 

wherein the wearable device comprises a two-section strip made of 

conductive clothing to ensure secure grounding. 

15. The system for health condition monitoring according to claim 1, 

wherein the ECG signal obtained by the non-contact ECG acquisition 

module is first filtered to remove the baseline wandering and other noise 

out of the desired band, and a bandwidth used in filtering the ECG signal is 

0.67-150 Hz. 

16. The system for health condition monitoring according to claim 1, 

wherein the QRS detection is performed in the first signal processing and 

analysis module by a derivative processing based technique. 

17. The system for health condition monitoring according to claim 1, 
27 



wherein another QRS detection is performed in the second signal 

processing and analysis module by a template matching based technique. 

18. The system for health condition monitoring according to claim 1, 

wherein the first signal processing and analysis module comprises an 

adaptive filter with ANC (adaptive noise cancellation) configuration, which 

is applied to the respiratory sound signal and the heart sound signal to 

suppress both ambient noise and heart sound simultaneously. 

19. The system for health condition monitoring according to claim 1, 

wherein multiband products based on FFT (fast Fourier transform) 

coefficients are used for the heart sound localization, the heart sound 

cancellation, and the respiratory sound restoration. 

20. The system for health condition monitoring according to claim 19, 

wherein the multiband products are calculated by multiplying the FFT 

coefficients of the desired sub-bands as the following formula: 

k 

I=J 

where j is a positive number equal to or greater than 0 which corresponds 

to the lower bound of the desired sub-band of the heart sound, k is a 

positive number greater than or equal to j and corresponds to the upper 

bound of the desired sub-band of the heart sound, Pj,k is the multiband 

product of FFT coefficients from the jth sub-band to the kth sub-band, and 

S(r, i) is the FFT coefficient. 

21. The system for health condition monitoring according to claim 19, 

wherein the respiratory sound restoration is performed by linear prediction 

using FFT coefficients. 

22. The system for health condition monitoring according to claim 19, 

wherein the sound based RR is estimated from a cleaned respiratory signal 

after heart sound cancellation by multiplying the squared frequency with 
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the power of its FFT coefficients as the following formulas: 

Q(r, 	= S ANc,r(r, 
	2  fn2 

(n= 	+1,•••n2 ) 

"2 

P(r) = E 
n=ni  

where z is the shift in time, f is the frequency, nl  is a positive number equal 

to or greater than 0 which corresponds to the lower bound of the desired 

sub-band of the respiratory sound, n2  is a positive number greater than or 

equal to 11.1 and corresponds to the upper bound of the desired sub-band of 

the respiratory sound, and SAArc,r(T, J) is the refurbished FFT coefficient. 

23. The system for health condition monitoring according to claim 19, 

wherein a final result of RR is obtained from the ECG derived RR and the 

sound based RR by a weighted method, where the RR from better signal 

quality is assigned a heavier weight. 

24. A method for health condition monitoring, comprising steps of: 

(a) providing a wearable device, a portable device and a server, the 

wearable device comprising an embedded non-contact ECG acquisition 

module, an embedded non-contact audio acquisition module and an 

embedded first signal processing and analysis module, the portable device 

being capable of communicating between the wearable device and the 

server, the server comprising a second signal processing and analysis 

module; 

(b) capturing ECG signals by the non-contact ECG acquisition module 

and capturing a respiratory sound signal and a heart sound signal by the 

non-contact audio acquisition module from the user wearing the wearable 

device; 

(c) processing the ECG signals, the respiratory sound signal and the 

heart sound signal by the first signal processing and analysis module to 
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perform QRS detection, HR (heart rate) calculation and ECG derived RR 

(respiratory rate) determination; and 

(d) processing the ECG signals, the respiratory sound signal and the 

heart sound signal by the second signal processing and analysis module to 

perform heart sound localization, heart sound cancellation, respiratory 

sound restoration, and sound based RR determination, and thus obtaining 

information for health condition monitoring. 

25. The method for health condition monitoring according to claim 24, 

further comprising a step of obtaining a final result of RR from the ECG 

derived RR and the sound based RR by a weighted method, where the RR 

from better signal quality is assigned a heavier weight. 

26. The method for health condition monitoring according to claim 24, 

wherein the ECG signal obtained by the non-contact ECG acquisition 

module is first filtered to remove the baseline wandering and other noise 

out of the desired band, and a bandwidth used in filtering the ECG signal is 

0.67-150 Hz. 

27. The method for health condition monitoring according to claim 24, 

wherein the QRS detection is performed in the first signal processing and 

analysis module by a derivative processing based technique. 

28. The method for health condition monitoring according to claim 24, 

wherein another QRS detection is performed in the second signal 

processing and analysis module by a template matching based technique. 

29. The method for health condition monitoring according to claim 24, 

wherein the first signal processing and analysis module comprises an 

adaptive filter with ANC (adaptive noise cancellation) configuration, which 

is applied to the respiratory sound signal and the heart sound signal to 

suppress both ambient noise and heart sound simultaneously. 

30. The method for health condition monitoring according to claim 24, 
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wherein multiband products based on FFT (fast Fourier transform) 

coefficients are used for the heart sound localization and the heart sound 

cancellation. 

31. The method for health condition monitoring according to claim 30, 

wherein the multiband products are calculated by multiplying the FFT 

coefficients of the desired sub-bands as the following formula: 

Pj,k(r) =n S(r, 
1=j 

where j is a positive number equal to or greater than 0 which corresponds 

to the lower bound of the desired sub-band of the heart sound, k is a 

positive number greater than or equal to j and corresponds to the upper 

bound of the desired sub-band of the heart sound, /3-,k  is the multiband 

product of FFT coefficients from the jth sub-band to the kth sub-band, and 

S(r, i) is the FFT coefficient. 

32. The method for health condition monitoring according to claim 30, 

wherein the respiratory sound restoration is performed by linear prediction 

using FFT coefficients. 

33. The method for health condition monitoring according to claim 30, 

wherein the sound based RR is estimated from a cleaned respiratory signal 

after heart sound cancellation by multiplying the squared frequency with 

the power of its FFT coefficients as the following formulas: 

Q(r,.f,)= S  ANC,r(T' fn) 2  fn2 (n = n,,nl  + 1, • • • n2 ) 

n2  

P(r) = Qer, fn) 
n=ni  

where r is the shift in time, f is the frequency, ni  is a positive number equal 

to or greater than 0 which corresponds to the lower bound of the desired 

sub-band of the respiratory sound, I/2  is a positive number greater than or 

equal to ni  and corresponds to the upper bound of the desired sub-band of 
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the respiratory sound, and SANc,r(r, J is the refurbished FFT coefficient. 
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