A smart telehealth system monitored with context-aware sensing and multi-sensor data fusion for self-health monitoring and remote diagnosis

FIELD OF THE INVENTION

The present invention relates to an automated telehealth monitoring system and method with context-aware sensing and multi-sensor data fusion that can be used to capture and process all sorts of health data and vital signs for enabling self-service health check and remote diagnosis applications.


BACKGROUND OF THE INVENTION

Telehealth has been growing in popularity for using internet-enabled sensing technology to enable remote patient monitoring.  It is a new way of bringing patients and caregivers online for remote diagnosis.  With telehealth, patients can become active participants of their personal care.  They can understand more on what they want and may choose the caregiving plans that better match their needs.  Especially for chronic patients and post-operation care, it is desirable for a self-health care system where the wellness of a patient can be monitored continuously.  This also serves to enhance the community care programmes for enabling hospital decentralization and to alleviate the increasing pressure on today’s public healthcare system.

Typical use case targets for general counseling where a patient meets with a doctor online for diagnosis with the help of video streaming.  Of course, telehealth does not limit itself to general practice but can extend into specialty practices like rehabilitation and dermatology.  These practices often require the use of connected health check-up devices with the ability of real-time inspection or collaborative diagnosis jointly with another specialist.  The essence of telehealth is to embrace every remote care activity backed by health sensing technologies to support video consulting and self-control functions to combine remote inspection and virtual counseling for enhancing the overall quality of patent monitoring.

It is widely accepted that the development of advanced health sensing technology for measuring vital signs contributes to telehealth system for remote patient monitoring.  Vital signs are clinical measurements of body conditions such as body temperature, blook pressure, pulse rate and blood oxygen saturation.  These indicators can be used to assess a person’s physical health, possible disease states and critical clinical conditions.  Monitoring of vital signs can assist in detecting health risks so that appropriate measures may be taken in advance.  Therefore, regular monitoring of vital signs provides a foundation for disease prevention and diagnosis.

Accurate vital signs can be obtained using advanced medical equipment in a hospital setting.  Routinely performed by nurses, vital signs data can detect clinical deterioration – a movement of patient condition from one clinical state to a worse clinical state that can lead to adverse consequences or even death when not identified early.  However, this approach costs time and money and is not practical for tracking health continously.  With the recnt technology advances, the innovation of portable healthcare sensors for monitoring patient vital signs has enhanced the quality of health monitoring at a medical level, offering more data to clinicians with potential for eariler diagnosis and guidance of treatment.  This way of mobile self-health monitoring is considered more cost-effective.  

Yet, some evidence concerning the frequency of non-compliance in vital sign data collection and the inaccuracy of vital sign measurements is still at large.  It is important to note that vital signs vary based on activities, temperature, smoking, environment, and many other factors.  Additional factors like personal habits and sleeping conditions may affect the vital sign measurements.  All such factors emphasize the importance of context awareness which is about the situational context of collected data.  The fluctuation in the values of the patient vital signs is not unusual.  As such, typical models that solely rely on vital signs that ignore the ambient conditions of vital sign readings are prone to misleading and often produce false alarms.

With the importance of continuous vital sign assessment and surveillance to safeguard patient safety, the successful deployment of self-care monitoring can largely depend on patients taking an active role in monitoring their own health.  Some patients may be more computer literate but some can find it difficult to comprehend the use of the different technical gadgets such as health sensor devices and smartphone apps.  Particularly for elderly who are more forgetful, it may be harder for them to take the initiative to manage the health checking on schedule.  In addition, the device conditions and their calibration status are required to be reliable and precise at all times so as to ensure the data collected are accurate and meaningful.  

In the prior art, some techniques have been used to integrate the different health sensors into an all-in-one terminal called vital signs kiosk to manage the health data collection on self-service.  This is considered to be suitable for use in elderly nursing homes or clinical environments.  Apparently, this all-in-one terminal is able to integrate all different sensors into one roof and to support remote data collection from far away.  Hence vital signs kiosk operation can take advantage of remote monitoring to automate the health data collection and self-notification of device status.  More specifically, remote monitoring can be designed to facilitate the automatic detection of fault status so as to enable prompt actions for corrective and preventive maintenance.

When it comes to non-clinical care environment, it is more desirable for a more compact version to serve the purpose of health monitoring.  However, the heterogeneous nature of the different health sensors in terms of form factors and technical characteristics can make it hard to combine them into a small box.  Some attempt to make use of a generic smartphone as the temporary gateway for intelligent home control.  The smartphone usually comes with advanced features such as camera capture and face recognition as well as language translation to augment human cognition.  However, the general purpose smart phone has the shortcomings for lacking the plug-and-play capability and “always-on” configuration making it unsuitable for computer-illiterate users such as elderly users.  Hence a dedicated gateway controller is mostly preferred in order to provide a more resource-efficient interoperability among heterogeneous health sensors.

But how to link up the different sensors for automatic data collection as well as device checking, and further aggregate these data and translate between different protocols for data exchange can be challenging.  Making things more difficult to comprehend is the diverse characteristics of the sensing data.  Those sensor signals could easily be contaminated with noises while responses to these signals could also vary for different persons.  So in some cases, multiple sensors are used to measure a specific physiological signal and based on data fusion to make a more accurate estimation.  How to bridge these different sensors and eliminate the redundancy or noisy data is critical to ensure only meaningful data has been extracted for data recording and analytics purpose.  As such, a novel algorithm or protocol for mixed signal data classification is required to enhance the data aggregation, fusion and interpretation. 

As can be seen from the above, the prior art have obvious limitations in practical applications, so it is desirable to make an improvement and propose an integrated method and hybrid model to overcome the noted disadvantages of the current approaches.


SUMMARY OF THE INVENTION

Embodiments of the present invention are directed to a system and method for integrated sensing to enable self-service health check and remote patient monitoring for telehealth applications.  The invention enables a cloud-based automated telehealth platform with multi-protocol gateway that can support data collection from connected health check devices and vital sign sensors as well as the ambient condition checks on the human body and environment parameters in various embodiments.  With this decentralized healthcare model integrated both offline and online, caregivers can closely track the patients’ health conditions while doctors can remotely diagnose the patients’ clinical state in a more efficient and precise manner through machine learning modeling and multi-sensor data fusion with real-time incident response being made possible.

According to the present invention, the system for integrated health sensing is based on a cloud-based telehealth platform comprising: a means for supporting the capture of the mixed signals from multiple health device and sensor inputs; wherein the connected health devices and biomedical sensors are able to provide the input parameter of the patient condition; a means for enabling the output that can be read by a gateway unit with multi-protocol control to obtain a state of the component status or operating condition; wherein the gateway controller is able to communicate with the remote management server modules through dedicated communication protocols for data integration and real-time monitoring.  For patients who require post-operation care and senior citizens with chronic conditions, such platform harnesses the power of portable and connected devices and sensors to enable self-monitoring of personal wellness and health conditions for continuous care at ease.  

In one embodiment, the connected health check devices enable the visual capture of the patient condition for specific inspection area of interest such as internet-enabled Otoscope for ear view and Dermatoscope for skin view.  The health check image views shall be captured and communicated real-time with the remote doctors through a business quality video conferencing gateway for a precise diagnosis of the patient condition.  Alternatively, the health records can be captured and stored for asynchronous delivery to the medical practitioners for remote diagnosis.  Additional condition check on the patient’s physical and environment can be done through the ambient sensors with camera or imaging sensing to detect the human body movement and facial expression.  In case of any visual observable symptoms, the remote doctors are able to make a better prediction of the patient’s health condition changes.

In another embodiment, the biomedical sensors support the capture of the vital sign data readings from external health sensors for physiological data including but not limited to body temperature, heart rate, respiration rate, blood pressure, blood oxygen saturation and/or blood glucose etc.  Other body sensor data on brain-related Electroencephalography (EEG) and heart-related Electrocardiography (ECG) which are in form of wearable sensors may also be captured.
The data communication between the external vital signs sensors and the gateway controller can be based on Bluetooth or alike and the gateway controller shall in turn communicate with the remote management server through WiFi or mobile 4G/5G network or alike.  

In one preferred embodiment, this consists of integrating the connected health devices and biomedical sensors for a mixed signal approach through the multi-protocol gateway to measure specific physiological data and monitor the vital signs as well as integrating with ambient sensors like motion detectors and object sensors to locate the human body movement, and then wirelessly communicate these biomedical readings to the caregivers and doctors.  The human conditions may be based on various forms of accelerometers and gyroscopes to monitor the body movement.  Active tracking can also make use of augmented reality type magic mirror to verify the patient’s body conditions.  Complemented further by smartphone apps and shared data storage, patients are able to monitor their own symptoms and to send regular health updates to caregivers and healthcare centers through the cloud at remote sites.

In one other embodiment, the multi-protocol gateway can be used as an augmented sensor to detect the ambient conditions of the connected devices and biomedical sensors for early detection of the possible changes of the surroundings thus allowing early intervention.  Some forms of temperature, humidity and motion sensors can be integrated to detect the possible hazards of fire burning or water leakage for home care patients.  Once the conditions exceed certain threshold, the controller shall trigger an event alert to the remote monitoring server.  Furthermore, the indoor air quality sensing can be integrated to prevent excessive carbon monoxide and volatile organic compounds so as to safeguard the healthy environment for the home care patients.

In another preferred embodiment, the data fusion engine is deployed to enhance the data classification and state prediction as large volumes of data are captured from multiple devices and sensors.  The data fusion engine merges the captured transaction data with the open health data with heterogeneous characteristics.  These data may be in structured or unstructured format.  Besides tabular formatted data, the datasets may be in image formats and some are in report text formats. The embodiment adopts the machine learning approach to train and learn the data based on different classification and prediction models such as K-means clustering, hidden markov chain or neural networks to uncover patterns of activity for enabling a more precise diagnosis.

In one other embodiment, the remote management server is able to support third party interfacing with the medical practitioners such as doctors, therapists and specialists and the caregiving providers such as nursing homes and elderly care centres who shall provide the remote diagnosis and patient monitoring.  These are preferably done in real-time data communication through API integration with the third party servers so that the data privacy and security can be protected.  Furthermore, the management server has a built-in monitoring console which is rule-based and support the instant incident response to connect with healthcare providers, emergency contacts and ambulance hotline based on the decision rules and notification thresholds that are defined.

The present invention embodies a novel community care platform which supports an offline-to-online (reverse O2O) model where the caregiving or diagnosis request is initiated from the offline space such as elderly homes or district healthcare service centres.  While medical practitioners are able to provide consultation services remotely from online, this remote diagnosis can flexibly be conducted in both real-time and asynchronous mode.  In one embodiment, doctors can choose to interact with the patients in synchronous mode when patients are doing the health check in real-time.  In another embodiment, doctors can select to review and diagnose the health data and images captured for analysis afterwards.  Hence, the doctors and specialists in particular are able to review and diagnose more patients’ cases which shall contribute to more affordable healthcare services.  In one other embodiment, the connected devices and sensors being adopted to take measurements of patients’ body conditions are compactly designed, wirelessly enabled and individually authenticated for shared use too.  This resource sharing approach is also able to enhance the overall reach of healthcare services to more people in need but without overloading the medical practitioners.  Overall, it is an enhancement in quality of life for both patients and doctors.  

Other features and applications of the invention will become apparent from the following detailed description, taken in conjunction with the accompanying drawings which illustrate, by way of example, the features in accordance with embodiments of the invention, which should be construed in an illustrative and not limiting sense.


BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a block diagram that shows the high level composition of the key modules that enables the remote patient monitoring with an embodiment of the present invention.

FIG.2 is a diagram that shows the high level presentation of the key features that enables the machine learning engine with an embodiment of the present invention.

FIG.3 is a schematic diagram illustrating the detailed automated telehealth platform based on the multi-sensor data fusion method in accordance with an embodiment of the present invention.


DESCRIPTION OF VARIOUS EMBODIMENTS

Referring to FIG.1, a high level illustration is provided showing how the key modules are combined to enable self-health check and remote patient monitoring.  In accordance with the present invention, the smart telehealth system consists of an automated telehealth monitoring platform that can be used to capture multiple sources of health data and vital signs for enabling continuous caregiving and remote diagnosis.  These data are likely captured and stored in different image format for visualization and in tabular data format for estimation purposes, and shall be augmented by other open health data which may be in structured or unstructured formats.  Multi-sensor data fusion is required to process and fuse the data for meaningful representation, and that machine learning modeling can be used to classify and categorize the data for feature extraction and state estimation.  On the front-end side, the gateway controller functions as a smart hub with protocol conversion to divert the data inputs generated from the connected health devices and biomedical sensors.  The gateway controller consists of various control modules and certain electronics which are used to manage the data transmission from the handheld devices and sensors to the management server backend. In one preferred embodiment, the gateway consists of a controller that supports the display screen, control keys and audio processor for interacting with the users.  Another preferred embodiment is the ambient sensing of the gateway controller which can be used to detect the environment parameters and gateway condition and to monitor the user behaviour and the situation of the environment.

The communication protocols most commonly used for connecting the gateway controller with the external health sensors and vital signs can be made through short-range wireless connectivity such as Bluetooth, Wi-Fi, ZigBee and more recently the IoT mesh networks like LoRa, NB-IoT or Sigfox.  Bluetooth is a commonly used short-range radio frequency connectivity between portables and fixed devices requiring low-power consumption with a small form factor.  Wi-Fi allows higher data throughput when a higher distance of communication is required.  ZigBee is used for low data rate communication protected by AES and can consume less energy as compared to Wi-Fi and Bluetooth.  LoRa is the latest wireless M2M connectivity and can overcome limitations of other wireless communication technologies by its inherent low bandwidth, low power and long range  communication capabilities. It can meet key requirements for many IoT devices, like localisation services, secure communications, and interoperability and is highly suitable for battery-powered sensors and devices that can communicate over long distances and have low data-rates.  Other similar IoT-based protocols such as NB-IoT and Sigfox can also be considered for M2M connectivity that can support long distance coverage and low power consumption at low cost deployment.  However, it all depends on the communication protocol of the specific health sensor that needs to be integrated.  

The ambient sensors for detecting the user typically include infrared sensor, camera image sensor and radar sensor to detect the presence of a human object and to further monitor the environment for situation assessment.  There are different types of sensors being used to sense and detect the presence of a human object and to further monitor the environment for detecting condition changes.  Some sensors are used to detect the presence or absence of objects using thermal, light and sound.  These are generally referred to as proximity or presence sensors which can further be categorized as inductive, photoelectric and ultrasonic to suit the specific application and environment.  In particular, photoelectric proximity sensors are mostly used to detect targets as close as to 1mm and as far as more than 60m away.  Ultrasonic sensors make use of sound waves to detect objects which are not dependent on object.  Radar sensing is getting more popular to detect the human object presence.  Some other ambient sensors can exist to detect changes in an object on top of its presence.  More importantly for the home care application, the human motion and movement within a premise of the patient needs to be monitored.  The typical sensors cover motion sensing, face recognition and even acoustic sensing to detect the movement of the user or patient, identify the imagery of the unauthorized user or monitor the daily activities of the patient.  All sensor data shall be multiplexed into the event management and control circuitry coupled with flash memory and data interface for determining the next course of action.  The sensor module in accordance to one embodiment can automatically trigger a real-time communication to the remote server for allowing the administrator to make situational assessment and decisive action.

In a preferred embodiment covered by this invention, the user can make use of the gateway controller to pair up with the connected health devices and biomedical sensors for health checking through short range wireless communication.  Once the gateway controller is activated onsite, it is able to communicate with the cloud servers at remote site for data exchange.  The pairing between the health devices and the gateway controller shall be fully automatic.  After user conducts the measurements for each health check, the readings will be automatically transmitted into the gateway controller through short-range wireless connectivity such as Bluetooth or alike.  The gateway controller shall read back the readings in a human-like voice and further upload the readings data to the cloud server through mobile 4G/5G network for storage and further analysis.  The cloud server is able to remotely monitor each gateway controller for its device condition and calibration status.  Whenever necessary, the cloud-based management server can alert the user’s remote caregiver or emergency contact about the situations that require immediate help.

Referring to FIG.2, the concept of machine learning is to automate the data modeling process that can be used to estimate states and determine patterns between historical data and future data through a process of data alignment, feature extraction, state estimation and pattern prediction.  There are different types of machine learning algorithms that can be used to build learning-based predictive models.  Two most widely adopted machine learning methods namely supervised learning and unsupervised learning are in place.  Supervised learning algorithms are trained using labeled examples such as an input where the desired output is known.  A set of inputs with corresponding correct outputs are passed to the learning algorithm which learns and compares its actual output with correct output to find errors.  The model is accordingly modified.  It then uses regression, classification and boosting methods to form patterns to predict the values of the label on additional unlabeled data.  On the contrary, unsupervised learning processes data with no historical labels or correct outputs.  The purpose is to uncover hidden structure from unlabeled data where categorization of data is not available.  Common techniques such as k-means clustering, anomaly detection and neural networks can be used to extract useful information from messy data.  In a typical telehealth monitoring operation, large amounts of data are being generated from all channels of the related information and transaction.  From live streamed inspection data coming from the connected health check-up devices, to vital sign data from biomedical sensors, to visual observable symptoms data travel from ambient conditions social media, all the way to open health data general from others with similar profile in public domain.  The machine learning approach can be used to harness all such massive data, structured and unstructured, real-time and historical, to develop analytics technologies to develop insights and uncover patterns, and to make key predictions about the patient’s underlying caregiving needs.

FIG.3 is a schematic diagram illustrating the detailed remote health monitoring system based on the multi-sensor data fusion apparatus and method in accordance with an embodiment of the present invention.  Multi-sensor data fusion or simply sensor fusion is about the use of multiple types of sensors to achieve higher accuracy and precision for a more robust description of an environment or process of interest.  It is defined as a multifaceted process of combining inputs from various sensors to deal with automatic detection, association, correlation, estimation and combination of data from multiple sources.  In one embodiment, multi-sensor data fusion combines data from multiple sensors and diverse sources in a distributed architecture to make inferences about events and situations.  Sensor fusion technique has long been applied for situational assessment in military applications in the past.  More common applications are for remote sensing in robotics, manufacturing and medical applications.  In the context of health monitoring, the multi-sensor data fusion finds its important application in remote sensing and situation assessment.  

In a typical embodiment, the external devices and sensors include the connected health devices and biomedical sensors.  The connected health devices may include Stethoscope, Otoscope and Dermotoscope which are used to measure the patient’s heart sound, ear view and skin view respectively.  These devices are all internet-enabled and provide a clear visual or image view of the patient’s specific body conditions for remote diagnosis by doctors in far-away sites.  On the other hand, these devices are handy and portable which can be assisted by nurses or caregivers to take the measurements.  While the biomedical sensors are used to capture the vital signs including but not limited to body temperature, heart rate, respiration rate, blood pressure, blood oxygen saturation and/or blood glucose etc.  Other body sensor data on brain-related Electroencephalography (EEG) and heart-related Electrocardiography (ECG) may also be captured. Vital signs are clinical measurements of body conditions and these indicators can be used to assess a person’s physical health, possible disease states and critical clinical conditions.  Monitoring of vital signs can assist in detecting health risks so that appropriate measures may be taken in advance.  

In a preferred embodiment, the gateway controller is complemented by the multi-protocol controller to enable the capture of connected health data and vital signs into the remote management server through the gateway controller.  These data include but not limited to health check data, vital signs and patients conditions which are related to the self-health check application as well the sensing of gateway device conditions and status changes of the internal components and ambient conditions of the user.  Besides the massive data that are collected, metadata can provide information about one or more aspects of the data which make the sensing the tracking more meaningful. These include the purpose of the data, time and date of creation, means of creation of the data, creator or author of the data, and location on where the data was created etc.  

Whenever there are any changes in operating conditions and sensor changes in the gateway controller frontend, those captured data and metadata shall be fused through the data fusion engine for data alignment, object association, state estimation and pattern prediction, and then transmitted to the remote management server modules for data processing and decision analysis.  On the other hand, the management server modules at the backend include the messaging serving, user account management, device configuration and system configuration that govern the master data store for the proper setup and configuration of the gateway device operation.  In a preferred embodiment, the remote management modules are in turn interfaced with third party management servers that belong to external parties through API integration including but not limited to remote medical practitioners, patient’s caregivers, healthcare providers and incident response centers.

It is important to note that handling multiple data separately in isolated manner may not be able to give a better picture of the actual situation.  However, the challenge for data fusion is to merge heterogeneous data from different types of sensors so that the data extracted is subject to feature extraction which removes redundant or “noisy” data and extracts informative or meaningful data.  According to one preferred embodiment, it requires the data fusion engine based on various modeling methods and filtering techniques to detect and extract common features of the heterogeneous data and use a dynamics model with known control inputs, and measurements from multiple sensors to form a more accurate estimate of the system’s state and prediction of the system’s pattern.  To analyze the vast and expanding pool of data about the health check and ambient conditions, there need to be a better way that can rapidly align the data, associate the objects, estimate the states and predict the pattern about the internal conditions and ambient environment of the multi-protocol gateway using multi-sensing apparatus and method.  

The foregoing description of various and preferred embodiments of the present invention has been provided for purposes of illustration only, and it is understood that numerous modifications, variations and alterations may be made without departing from the scope and spirit of the invention as set forth in the following claims.























What is claimed is:

1. A system for automated telehealth monitored with context-aware sensing and multi-sensor data fusion for self-health monitoring and remote diagnosis, said system comprising various types of connected check-up devices and vital sign sensors to monitor the physiological conditions and vital signs of the patients, and complement with the ambient sensors to detect the visually observable symptoms and surrounding context of the patients.

2. As according to claim 1, the said various sensors include the internet-connected check-up devices such as Stethoscope, Otoscope and Dermatoscope to check heart sound, ear view and skin view etc, and the wireless-enabled vital sign sensors to monitor the body temperature, heart rate, blood pressure, blood oxygen, EEG signal and ECG signal etc. 

3. As according to claim 1, the said ambient sensors comprise the image capture and processing of the body motion, facial cues and surrounding conditions of the patients for providing visual assessment and hindsight of the observable symptoms of the patients that may possibly exist.

4. As according to claim 1, the said various sensor data in live streamed video or captured images or tabular data formats are captured and transmitted through a multi-protocol gateway controller to enable remote diagnosis and patient monitoring conducted by doctors and caregivers in both real-time and asynchronous mode.

5. As according to claim 4, the said multi-protocol gateway controller comprises of memory interface, data interface, event management, protocol processing and multiplexer processing design to support context-aware sensing to fuse the vast pool of multi-sensor data with machine learning modeling before connecting to the remote management servers through the cloud-based network.  

6. As according to claim 5, the said machine learning modeling based on supervised or unsupervised learning algorithms is used to estimate states and determine patterns among the telehealth transactional data, master data and open data through a process of data alignment, object association, state estimation and/or pattern prediction.  

7. As according to claim 5, the said multi-sensor data fusion is used to merge heterogeneous data from different types of devices and sensors so that the data extracted is subject to feature extraction which removes redundant or noisy data to filter only informative or meaningful data for analysis and diagnosis.

8. As according to claim 5, the said remote management servers are backend server modules that are cloud-based network enabled that support the system configuration, account management, incident response, heath data analytics, open data API management and eHealth interfacing controls.

9. As according to claim 8, the said eHealth interfacings support third party interfacing preferably through API integration with medical practitioners and caregiving providers for enabling remote diagnosis and/or patient monitoring with a rule-based monitoring console to support instant incident response based on decision rules and notification thresholds. 
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