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Abstract

This work describes a proposal of two different use cases for telemonitoring in home and mobile scenarios under the ISO/IEEE11073-Personal Health Devices (X73-PHD) framework. Standards are needed for any healthcare telemonitoring solution pretending to be competitive in an open context. The X73 series of standards which were initially developed for medical device communications are shown to be suitable not only for local medical data acquisition from the patient but also for being considered as part of a global system for standardized health information and devices management. After the experience of our research group in the implementation of the first version of the X73 in an end-to-end telemonitoring solution, now we propose two different use cases considering the new version of the standard: X73-PHD. The new features in the standard allow designing more complex and robust applications for both mobile and home care characteristics. The aim of the proposal is to explore the advantages of defining standard compliant scenarios by analyzing the X73-PHD inclusion and optimization, to evaluate its performance in more complex scenarios and to detect integration and implementation difficulties using it. In this way, three research groups in Spain in collaboration within X73-PHD Working Group and also the European Committee for Standardization (CEN) have started to implement some necessary functionalities adding value to the platform where the different systems could communicate in a standard format. Several issues are discussed in the context of the two proposed use cases including Internet Protocol connectivity and mobility management, wireless medical devices support, and system supervision.
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Introduction
Most of previous e-Health solutions are based on proprietary protocols and systems. The problem of interoperability of e-Health system components constitutes the main obstacle in the development and implementation of telemonitoring services at large scale [1]. Hence, the use of standardization seems to be the only way to solve this problem [2]. The ISO/IEEE11073 (X73) [3] was born as a family of standards for Medical Devices (MD) communications at the Point-of-Care (PoC) and it is considered as European standard via the TC251 of the European Committee for Standardization (CEN). The later development of new personal MDs, implementing high quality sensors and supporting wireless transport (e.g Bluetooth) and the access to faster and reliable communication network resources, have brought the X73 standards to an optimized version, adequate for this new technology snapshot: the X73 Personal Health Devices (X73-PHD) [4].

The X73 standards were initially designed to address Intensive Care Unit (ICU) scenarios [5] and thus, e-Health telemonitoring scenarios were not considered in the initial set of X73. Progress on Information and Communication Technologies (ICTs) are bringing new opportunities in the field of PHD and services used for patient home telemonitoring and wellness (i.e. cardiovascular fitness, independent living hub). Currently, e-Health offers in this area a wide range of solutions built up with several medical device combinations for biomedical signals acquisition. Body Area Network (BAN) and Personal Area Network (PAN) technologies are emerging as wireless communications advance providing the support for these scenarios. With the new X73-PHD transport specifications, Wide Area Networks (WAN) can be used to establish a communication with a data logger (manager) via Global System Mobile (GSM), General Packet Radio Service (GPRS), or even Universal Mobile Telecommunications System (UMTS) technologies, spreading the variety of monitoring applications to a practically total mobile context [6], [7]. The need for different network technologies in this context and the transparent use of them by patients are necessary conditions for a successful implementation of telemonitoring services. This can be reached by means of Internet Protocol (IP) connectivity and mobility management [8].
Given the technical background, two new use cases can be proposed: home and mobile. In home scenario, the patient is being monitored at home making use of wireless or wired MDs to register data in a continuous, remotely demanded, or periodic fashion. Moreover, data logged from an outdoor activity, can be automatically sent later to the data logger manual or automatically. In mobile scenario, while being outside home and in the absence of a fixed data logger, vital signs can still be sent to a remote computer in case is needed for emergency reasons or for a rudimentary monitoring procedure. Depending on the mode implemented, the technical requirements for both agent (medical device) and manager (data logger) will be different.
This paper describes the new protocol X73-PHD, comparing it with the initial X73-PoC and evaluating its advantages and expected improvements, and discusses its recent advances for both home and mobile patient care and wellness as well as various open points. Section II covers a technical revision of the standard, through its language and message format and structure, communication models and protocol layers, in order to explain its potential development. Section III details the new features for home and mobile X73-PHD-based telemonitoring solutions. Signal representation, standardized optional storage procedures for Electronic Health Record (EHR) [9], and transport and connection technologies as Bluetooth, Universal Serial Bus (USB), or GSM, are detailed in section IV. Finally, the main conclusions of the work are drawn in Section V.
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Figure 1: ISO/IEEE11073 - Personal Health Devices (X73-PHD) protocol map

1  ISO/IEEE11073 - Personal Health Devices (X73-PHD)
This standard, developed from the ISO/IEEE11073 [4], describes the landscape of transport-independent applications and information profiles for personal telehealth MDs. These profiles define data exchange, data representation, and terminology for communication between personal telehealth MDs or agents (e.g., glucometer, thermometer, pulsioximeter, etc.), and compute engines (CEs) or managers (e.g., cell phones, personal computers, etc.) in a point-to-point communication model. The personal telehealth MDs are used for life activity, wellness monitoring, or health monitoring in domestic home or even in mobile applications featuring limited technical capabilities, like battery powered or low processing load. As shown in Figure 1, the protocol architecture is divided into three main levels that are detailed as follows:

· Device Specializations. A set of model descriptions which collects the total of objects and attributes related to the device components, like an overall system’s configuration (Medical Device System, MDS), Persistent Metric (PM-Store and Segments) or Metric Specifications (see Figure 2 for a blood pressure device). Each MD has been given a standard configuration, based on its characteristics that can be adapted to any specific device by adding features within the standard context. New MDs are continuously being added, by developing its system model.
· Optimized Exchange Protocol. The main part of the standard consists of a medical and technical terminology framework (a.k.a. Domain Information Model, DIM) which will be encapsulated inside the Protocol Data Unit (PDU). The first version of X73 defined this part as the Medical Device Data Language (MDDL). Next, a Service Model defines a set of messages and instructions to retrieve data from the agent based on the DIM. In addition to this, it provides a data conversion from an Abstract Syntax Notation (ASN.1) to a Transfer Syntax, using optimized Encoding Rules (ER) denoted as Medical Device ER (MDER), as well as standard Binary ER (BER) and even more effective Packet ER (PER) support. Protocols taken from the previous X73 version for this purpose are Remote Operation Service Element (ROSE, Optimized for MDER), Association Control Service Element (ACSE) and Common Management Information Protocol (CMIP). At the end, the Communication Model describes a point-to-point connection based on manager-agent architecture through a Finite State Machine (FSM). Different data transmission modes are described in Table 1.
· Transport Layer. Data transmission will be held over a transport technology due to X73-PHD identifies assumptions that require direct support by this layer, allowing various transports to be implemented (X73-PoC established higher dependency between transport and upper and lower layers). Thus, transport specifications are out of the scope of the X73-PHD standard, while other Special Interest Groups (SIG) are working towards profile definition for Bluetooth, USB, etc.
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Figure 2: Example of object structure from blood pressure device specification

Table 1: Data transmission modes

	Initiated by
	Transmission Mode
	Description

	Agent
	Event Report
	Spontaneous update report. Can be aborted by the Manager by sending an Association Release Request or Association Abort. Disabled by default.

	Manager
	Single response
	Agent reports a single update. If there is no new measurement, then an empty list is sent. Unconfirmed.

	
	Time Period
	Agent sends measurements for a limited time. Can be confirmed or unconfirmed and may be stopped by Manager anytime.

	
	No time Limit
	Data Event Reports will be sent continually until a stop request command is received from Manager.

	
	Persistently Stored Metric Data Transfer
	The Manager can retrieve measurement data contained in a Permanent (e.g. flash Memory) at the Manager. Specific access methods and hierarchical information model.


2 New Use Cases: Home and Mobile Telemonitoring Solutions
X73-based systems show a configuration model composed of several MD/agents connected to a single CE/manager via a short range connection. The data gathered from the patient at the agents can be further processed to be passed to fitness trainers, health professionals, or even other software services. Within the Use Case definitions found in IEEE11073-00103 draft [4] elaborated by the X73-PHD Working Group (WG), a differentiation between home and mobile services can be done (see Table 2), based on the transport layer and data link variability which in fact depends on the e-Health application itself. From our researching contribution to the X73-PHD WG, this section details the new features for home and mobile telemonitoring solutions, discussing the optimizations that imply their compliance with X73-PHD standard. 
2.1 Home telemonitoring solutions 

Most common patient telemonitoring applications are usually implemented following the manager/agent scheme: a home-inside CE (permanently connected to Internet, featuring richer capabilities in memory and processing load than MD, and wall powered) manages connections to multiple MDs via wired or wireless connections. Patient/User will make use of the different MDs to send health information to the CE, to be later processed by a local application or remotely stored by a normalized EHR for inspection and supervision. Information can be sent immediately upon gathered at the MD, or stored during any activity for later synchronization (by use of the Persistent Metric feature).

X73-PHD optimization: MDs will not be necessarily located permanently at the same position, due to the wireless transport feature. They can be taken to any other place within the operating range and automatically configured to proceed immediately with its use. MDs can be inquired by the CE through an external petition (supervisor) to gather stored data, or even manage the data transmission to be scheduled according to some treatment or fitness criterion.

2.2 Mobile telemonitoring solutions
CE entity is in this case implemented as a mobile device (SmartPhone, PDA, UltraMobile PC, etc.), which will establish a connection to the MD and a remote computer if necessary for data uploading or remote access support. Patient/User can be monitored continuously while being outside (travelling, doing exercise, or during ambulance transportation). A different approach is to allow the device itself to establish an X73-PHD data link with a remote CE, without need for a local mobile CE. Both configuration options are shown in Figure 3.
X73-PHD optimization: The risk of running out of battery is decreased as far as the X73-PHD protocol payload efficiency is achieved together with a proper device manipulation. Access technology will also determine the operating time, and so it is critical to accurately evaluate and select the proper transmission interface based on battery restrictions and communication quality trade-off.
Table 2: General Use Cases and Medical Devices
	
	Examples of Use Cases
	Common used Medical Devices

	mobile
	healthy living outside practice (wellness and fitness),  continuous monitoring of single cardiac patient
	pulse oximeter, simple medication dispenser, fall sensor, heart rate, blood pressure, respiration monitor, ECG and fitness devices (bike)

	home
	healthy living at home (wellness and fitness), obesity management, hypertension, assisted ambient living, elderly patient care, home monitoring of single cardiac patient
	weighing scale, pulse oximeter, glucose meter, simple medication dispenser, fall sensor, blood pressure, heart rate, ECG and fitness devices (static bike, rowing machine)
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Figure 3: Mobile System: Local and Remote Manager Scheme Example 

3 Open Points
Due to the protocol evolution and feature expansion towards a more efficient e-Health vital signs communication framework [4], new functionalities could now be incorporated allowing X73 to be used in a wider range of solutions.
3.1 Signal representation: harmonization and enhancements
The X73 standard can be easily adapted to MDs which register punctual values such as pulse, blood pressure, temperature, etc. However, it is highly desirable that the standard could also support some more complex biomedical data such as, for example, the ECG. Other standards have been covering the ECG signals i.e. SCP-ECG (European Standard), HL7 aECG (American), or MFER (Japanese) among others. Recently, the latest version of the SCP-ECG standard (EN1064:2005+A1:2007) has been approved as part of the X73 family standard (ISO/DIS 11073-91064). This will allow the transmission of electrocardiographic signals within the framework of X73 interoperability. 

Nonetheless, several issues remain opened. The terminology harmonization with other standards is one of the most important items. Besides, it is expected to extend as much as possible the SCP standard so that it could cover new aspects, keeping always in mind the X73 interoperability framework. Extensions of the standard from diagnostic 12-lead ECG to short-term ECG, or the real-time ECG transmission are examples of that feature. In environments such as emergency mobile telemonitoring, the real-time ECG transmission is expected to be very practical. However, the modification and/or creation of new fields in the standard must be investigated and proposed so that the SCP standard can support it.
3.2 Use of mobile technologies
The different types of scenarios in which X73 communications can take place make it necessary to assure that X73 devices have the possibility to adapt to the available connection technologies and seamlessly transfer data over them to any destination.  This fact can only be achieved with the use of the All-IP paradigm and, consequently, the TCP/IP protocol stack is the natural choice as the transport of X73-PHD data. In this context, mobile technologies present more demanding challenges than those presented by traditional wired ones. X73 mobile devices must adapt to the available wireless connection technologies and also seamlessly move between them.  The All-IP paradigm provides the fundamental support for the integration between heterogeneous networks, but the mobile world requires even more: efficient mechanisms to provide mobility support for roaming devices and efficient vertical handoff schemes to enhance the Quality of Service (QoS) and provide flawless mobility.

The QoS required by a mobile X73 communication can be viewed from different points of view.  Not only the traditional QoS-related parameters have to be considered (bandwidth, delay, jitter, packet losses, etc.), but also the security, confidentiality, reliability, monetary cost, or power consumption caused by patient data communications.  Security and confidentiality are a main concern when transmitting data over the air.  In a similar way, mobile X73 devices will have power constraints that need to be taken care of. All these aspects make the use of mobile technologies by X73 an open point that requires significant attention to achieve a broader support for this standard.
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