Multiple Health Factor Measurements
 with Network-Based Analytics for

Wellness-Oriented Home Health Monitoring
The combination of electronic sensors and microcomputer resources for measurement of health indications has amplified the ability of the medical community to react to and manage various diseases, particularly diabetes and heart disease.   More recently, availability of inexpensive personal measurement devices such as electronic scales, glucometers and sphygmomanometers have opened the opportunity for patients to measure themselves at home and elsewhere, not only cutting travel visits to physicians, but also allowing measurements to be made at particular times of day, leading to better understanding of reading context and better administration of medication and diet.  Moreover, availability of readings in electronic form has opened the ability to transfer them directly to a database accessible to physicians and caregivers for display, interpretation, and potentially, intervention.

Although providing substantial improvement in care, many such remote chronic disease monitoring solutions currently utilize conventional telephone line connectivity, usually supplemented by measurement device memory holding a series of readings which are then uploaded manually or automatically to a database via a voice-band modem.  Although useful for automating what formerly was a time-consuming, error-prone written log of measurements, these systems can still require a substantial amount of patient understanding and effort.  Such factors tend to reduce compliance and discipline in the monitoring process.

Viewing the scene, the remote monitoring research begun several years ago at AT&T Labs built on the ability of modern broadband IP networks to replace conventional telephone service with higher-rate, “always-on”, multimedia connectivity that can serve multiple applications, including so-called machine-to-machine (M2M) interactions.  Testifying to the importance of this research avenue, the increasing availability and adoption of residence broadband DSL, fiber, and cable IP connectivity has opened the way for substantial improvements in ease-of-use and timeliness of medical and other measurements, especially when augmented with wirelessly-enabled devices.

Wireless has three important benefits for Personal Health Devices (PHDs) when compared to wired Ethernet or USB connections through a home or cellular broadband gateway.  First, it provides the convenience of mobility: The device need no longer be “tethered” to one location.  Second, it allows multiplexing “in the air”: Multiple PHDs need not be “hubbed”, or have their cables swapped in order to forward data to the database.  Third, devices can automatically detect presence of a wireless network through a process of discovery, registration and authentication: Thus, devices can affiliate with a network, configure themselves and companion applications, and send data to a remote database with minimal participation (or in some cases, awareness) of the user.

In order to realize the potential opened by modern electronic measurement devices, wireless connections, IP networking and real-time databases capable of handling multiple “born digital” measurements, it is critically necessary to have standards for collecting, recording, transmitting and storing the measured data in a prescribed fashion.

Currently there are various standards for exchanging electronic Personal Health Records (ePHRs).  Most are based on imitating the format of previously-kept written records in electronic human-readable form.  Because the institutional-end of the record-keeping process was itself an evolution from written records, it is extensible to multimedia accommodation with enough forethought.  AT&T Labs is currently researching multimedia data storage extensions for medical and other applications.

However a major standards gap has existed at the patient-end of end-to-end monitoring systems, including specification and certification mechanisms for ensuring that PHDs can announce their presence, accept commands, and send measurement data according to an established communication protocol using a bounded set of connectivity options.

Over the past two years this gap has been closed by an IEEE standard, P11073, and its related industry certification body, the Continua Health Alliance.  The standard has established a framework including sub-standards for individual measurement devices, a protocol for information exchange, and connectivity recommendations for conveying the information.    Continua subsequently built upon the standard to establish a foundation for multi-vendor interoperability and performance as well as IEEE 11073 compliance certification.  Both the standard and Continua certification are based on an “abstraction” model, which allows vendors to produce PHDs with microcomputer, OS, and application software of their own choosing.  As long as the device identification, command/response, and information-transfer formats adhere to the standard, the device can be certified.  This feature, in addition to the ability of the standard to accommodate new “profiles” which provide specific device characterizations, will allow the PHD market to flourish while maintaining network interoperability for current and new devices.   

Although initially addressing wired connectivity (USB), Continua later extended certification to Bluetooth-equipped wireless devices.  Some of these Bluetooth-enabled devices have appeared in the marketplace already, primarily for use with cellular phones.   Unfortunately, Bluetooth was designed as a peer/peer connectivity solution for cell-phone peripherals such as audio headsets and as such does not well-accommodate either the networking of many devices simultaneously or the low standby power required for long-life operation of devices with limited battery resources.

In 2009 AT&T, cooperating with a group of like-minded advocates, succeeded in achieving Continua endorsement of a wireless air interface alternative to Bluetooth addressing “LAN use cases”: IEEE 802.15.4, also known as ZigBee.  ZigBee is related to the IEEE 802.11 standard, more widely recognized as Wi-Fi.  Although similar to one “branch” of the Wi-Fi “family tree”, 802.11b, and with similar LAN networking protocols and “reach”, ZigBee was crafted specifically for robust signaling and acknowledgement, large address space (many simultaneously-participating clients in a service area) and very low power operation (more efficient physical layer signaling and better power-saving protocols) compared to Bluetooth.

AT&T Labs contributed to formulation of the Wi-Fi and ZigBee standards over the past decade, and developed an early appreciation for the superiority of the latter for sensor/control applications.  Accordingly, ZigBee and Wi-Fi have figured heavily in our research of health and other home-networked applications such as smart energy management, home automation, security, and remote control of home entertainment systems.  The vision was based on experience that hosting of separate applications and devices using a common networking fabric would lead to lower costs---a critical factor for widespread adoption in cost-sensitive home environments.

The research led to an integrated architecture capable of serving multiple applications with an advanced network gateway unit interposed between the suite of ZigBee sensor/control client devices and a broadband IP connection.  The IP connection initially consisted of an Ethernet appearance, which was later supplemented by a wireless 3G modem option.  The gateway contains software that allows it to establish ZigBee and Wi-Fi in-home wireless networks, connect via Ethernet to a broadband termination (DSL gateway, setup box, etc.) and to act as an addressable network administration point for configuration and operation of applications.  The gateway functionality and instantiation was named
 Actuarius™.  It should be noted that the gateway functionality is embodied in a form that can be ported to both fixed and mobile gateway hardware platforms, permitting it to operate transparently in local home and managed-care as well as personal smart-phone wide-area monitoring situations.

AT&T Labs has advanced the research to the point where it has integrated Actuarius with an AT&T ePHR exchange called Healthcare Community Online, or HCO.  HCO is a web-based system that can be used by physicians and other healthcare professionals to view a patient’s health history, diagnoses, treatment recommendations, and medication of each patient being treated.  Augmented by the Actuarius remote monitoring enhancement, HCO can present up-to-date and historical measurements of health indications with the potential for real-time readings and direct physician interactivity with measurement devices.

Although currently integrated with the HCO platform, the Actuarius subsystem can also act through an API to support other medical and wellness-related applications, databases, and dashboards. Thus the gateway is well-suited for experimental studies and trials.  AT&T has cooperated with gateway and Personal Health Device manufacturers to prepare ZigBee-enabled equipment for trials now being conducted or planned with AT&T customers.  Moreover, since the compatible device suite is traceable to IEEE P11073 and Continua, new special-purpose and experimental devices can easily be accommodated. 
The availability of the new architecture heralds the advent of so-called “multi-factor” telehealth remote monitoring, where real-time measurements from a number of devices addressing a range of health factors can be combined to produce a more complete assessment of “wellness”, rather than simply measuring single chronic disease indications.  Moreover analytic processing, as a component of a cloud-based ePHR system such as the AT&T HCO, can examine the aggregated data in real time to recognize “signatures” that indicate departure from normal ranges for a particular individual and thus identify a health difficulty before it becomes acute (and possibly even before it is detectable by conventional measurement methodologies).    

As an example of such a concept, AT&T Labs is collaborating with Texas Tech University at the Lubbock, Texas campus to realize a geriatric gait and fall detection system utilizing experimental ZigBee-enabled “smart slippers” to investigate the ability to detect, and potentially avert, senior falls.  Recent examination of injury and morbidity data
 has disclosed that senior falls are as serious a risk to older individuals as heart disease and strokes.  Accordingly, ability to prevent falls would be an important advance in quality of life and care cost avoidance for seniors as well as a comfort to family members and caregivers.

The slippers take the form of comfortable plush walking shoes with integrated sensors, a ZigBee radio, microcomputer, and rechargeable battery.  Each slipper (left and right) transmits a real-time multi-sensor packet burst consisting of accelerations in three axes and plantar pressure at four regions of the foot.  The measurements are communicated to a database and signal processor located in the network where gait may be analyzed with each step.  As the slippers are designed to be worn continuously during waking hours, these devices constitute a glimpse into “always on” body-worn monitors that can be incorporated into apparel or “jewelry” as technology improves.  
As part of the collaborative gait and fall research, AT&T Labs and TTU have demonstrated the ability to monitor not only individual slipper-wearers in homes, but also the ability of multi-cell ZigBee networks to handle the combined traffic offered by the patient population of a senior care facility, for example.  At a study venue, the Garrison Geriatric Education and Care Facility, the largest-known streaming, real-time medical ZigBee network has been constructed covering a floor area of about 35,000 sq-ft.  Slipper-wearing residents of the facility have their gait continuously analyzed using signature detection software in addition to being locatable anywhere in the facility’s ZigBee coverage area.  If walking instability or a fall is detected, a nurse is dispatched to the location of the monitored individual so the situation can be immediately investigated and appropriate remediation provided.  Remediation may involve helping the patient to recover from dizziness, for example.  Other ZigBee-enabled measurement devices may also be used to seek the root cause of an instability or fall event, such as abnormal blood pressure, glucose, or blood oxygen conditions.
Research at AT&T is ongoing to move beyond the “smart slipper” technology to explore even more advanced multi-factor health measurement concepts using devices whose medical functions are integrated into frequently-used items such as headsets, watches, belt buckles and eyeglasses, along with next-generation analytics and alerting.  In a very real “sense”, such devices and analysis tools represent leading edge health science that could eventually lead to a “Check Engine Lamp” for each of us.
� In the 12th century Byzantine Empire, an honorific bestowed on prominent physicians, possibly those attached to the imperial court (cf. Joannes Actuarius).


� “New Guidelines for Preventing Falls in the Elderly Include: Start Tai Chi, Cut-Back on Meds”, Journal of the American Geriatrics Society, January 14th, 2011








