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One of the most significant factors influencing the
practice of medicine is the tremendous increase in personal
mobility and the upcoming deployment of a wide array of
non-invasive microsensors to monitor a person’s condition,
along with advances in medical imaging devices. Wireless
communications, the Internet, and low-cost air travel has
now created a new class of patients, the “mobile sick,” and
likewise the “mobile physician.” This has created the need
for mobile monitoring of patients as well as for mobile
physician access to medical information, leading to recently
developed light-weight, easy-to-wear, and affordable vests.
In parallel, smaller medical imaging devices and soon
capsule size video cameras for body ducts are producing
increasingly large and detailed amounts of imaging data,
from which to identify conditions of interest such as
malignant tumors.

We present the necessary requirements that current
medical information technology infrastructure needs to meet
to enable monitoring of mobile patients by mobile
physicians, in addition to a timeline user-interface to access
patient information anywhere and anytime.
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I. INTRODUCTION

The very long-range vision into the next 10 to 20 years
is that individuals, typically medical patients, will be
living in a better world in which they may (A) be
monitored on a real-time basis for health related
information, essentially any time, any place, by light-
weight non-intrusive intelligent body sensors and
processors [1]; (B) be scanned for related body objects
of concern (e.g., malignant tumors) by future smaller,
highly mobile, low-cost image scanning (C) through
the prior advances achieve more rapid diagnosis and
detection of complications so that early treatment can
be initiated with improved health care outcomes, and
be relieved from the myriad of time lags and other
inconveniences and problems in current health care.
Section II explores the necessary requirements that

will need to be met to enable patients and physicians to
become mobile. Section III presents a user-interface
that we envision in a personal digital assistant (PDA),
its capabilities and limits.

II. THE MOBILE PATIENT AND THE
MOBILE PHYSICIAN DATA
MANAGEMENT REQUIREMENTS

A. The Emerging Mobile Sick and the Mobile
Physician

Recently, one of the most significant factors
influencing the practice of medicine is the tremendous
increase in personal mobility. Wireless communication
devices and the relative low costs of air travel have
shifted the paradigm from one of local/regional
existence to that of global presence. This has affected
not only patients but physicians as well. For patients,
the increase in mobility manifested as an increase in
both business and pleasure travel has created a whole
new class of patients, the “mobile sick.” Today,
patients frequently travel thousands of miles with
diseases that previously were thought to limit such
activities. Patients now are willing to travel long
distances to find the “right” physician and to obtain the
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“best” treatment. Pleasure travel amongst the sick has
also increased [2, 3]. For physicians, the increase in
mobility allows doctors to travel and to practice
medicine in numerous local medical centers, regional
medical centers, and even clinics in remote countries.
This has created a need for mobile monitoring of
patients as well as a need for mobile physician access
to medical information.

B. Mobile Medical Devices

The basic technology to take patient monitoring away
from hospitals and into the home is commercially
available and will continue to evolve. Offline
monitoring systems, such as the Health Hero Network
[4], CyberNet [5], LifeLink Monitoring [6], Stanford
LifeGuard [7], and Vivometrics LifeShirt [8] are now
available for use by physicians and patients. Offline
monitoring systems are systems that a patient uses to
record physiological data and other related data about
themselves for a period of time, and then send the
collected data to a healthcare professional for analysis.
Real-time wireless monitoring is the next step of
evolution, where data is gathered wirelessly and
analyzed by healthcare professionals on a real-time
basis. Wireless technology is now widely available,
but will need to be adapted for use in medicine due to
privacy, security, and reliability issues surrounding
HIPAA legislature [9]. Some commercial and research
systems are beginning to develop monitoring devices
to support real-time monitoring, such as Lifeguard [7],
Vivometrics [10], and DigitalAngel [11].

The LifeShirt System [8, 12] (see Figure 1) is an
example of an innovative ambulatory multi-sensor
continuous monitoring system for collecting, analyzing
and reporting cardiac, pulmonary and kinetic data,
capturing an ongoing "movie" of physiologic data
rather than episodic "snapshots" collected during
periodic office visits. The LifeShirt System is able to
collect body data through various sensors, including
respiratory bands, which measure pulmonary function
(tidal volume, respiratory rate, etc; currently
numbering about 24 parameters) as well as electrical
activity of the heart (ECG). An on-board PDA
(currently a modified Handspring Visor) continuously
encrypts and stores the patient's physiologic data on a
compact flash memory card. Posture and activity
information is also tracked and recorded, and the PDA
has an electronic patient diary to record subjective
patient data about mood, symptoms and activity.
Sensors are woven into the 8-oz shirt around the

patient's chest and abdomen. We are currently using
the LifeShirt in our research and development [12].

Like the Vivometrics LifeShirt, the LifeGuard
system [13] is a compact, portable, and wearable
device that gathers a variety of vital signs. Lifeguard is
comprised of physiological sensors, a wearable device,
and a base station. The wearable device acquires and
logs the physiological parameters measured by the
sensors. The data can be downloaded or streamed
wirelessly to the base station for display purposes and
further processing. LifeGuard measures 2 channels of
ECG, respiration rate, heart rate, activity, skin
temperature, SpO2, and blood pressure.

Research in proactive computing, such as sensor
network technologies and context-aware systems, will
also add to the quality of monitoring of patients
outside the hospital. Intel’s Proactive Health program
has focused on caring cognitively declining people
with proactive computing [14]. Other projects have
focused on seamlessly connecting healthcare
professionals with patient data [15-17]. Wireless
sensor networks [18] and wearable networks [19, 20]
will provide the platform and infrastructure to collect
data pervasively. Research in data stream processing
will add to our ability to analyze data efficiently and
ubiquitously as well [21-23].

Medical imaging has also made advances in
regards to mobility. Smaller, more mobile and less
expensive imaging devices [24] are beginning to be
deployed in more locations. Many of these imaging
scanning devices will be without physicians and highly
trained health-care individuals being physically in the
vicinity.

C. Summary of and
Expectations

Requirements

The emergence of new technologies to enable mobility
for the patient and the user are now emerging and
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becoming evident. Figure 2 summarizes the challenge
and need for the integration of these new technologies.
Stationary and mobile scanners will provide more
frequent high-resolution imaging scanning. Devices
like the LifeShirt will provide continuous ambulatory
monitoring of mobile patients.

Remote devices and PDAs will be a major
complement to a physician’s available PACS [25],
HIS, RIS, the Web, and imaging workstations and
related tools in the office and medical center [26]. The
physician and others of concern will need to have two-
way wireless communication of multimedia data and
voice data with the mobile patient, focusing on the
body sensor data streams and medical images.
Physicians should be able to command turning on/off
sensors, as patients will not know what is pertinent or
not at specific times. The physician should get
thumbnails of whole images from on-board the patient
and/or from pertinent medical sites and then indicate
what regions of interest or tumors to receive in full
high quality detail. As Figure 2 shows, the amount of
potential data sources may be numerous (e.g., many
different types of imaging scanners, medical sensor
devices, existing database management systems, etc),
facilitating the need to develop some type of common
interface that would lie on top of these data sources,
such as DICOM [27].

Figure 2 also shows that much of the
communication among these devices will eventually
occur wirelessly since most users of these devices will
be mobile. Typical small sensors and processors such
as PDAs will continue being supported into the
foreseeable future by very limited low power and
rather short-lived batteries, and one of the largest
consumers of such power is the transmission and
receipt of data [28, 29] Secondly, the commercial cost
of wireless Internet access has a large premium on
volumes of data beyond a few megabytes [30].
Wireless communication in such a setting will have to
take into account security, latency, connection loss,
handoffs, and other issues.

III. TIMELINE AND PDA USER-
INTERFACES

A patient’s medical record is a history of clinical
events over time. We will consider the timeline
paradigm, user interface, and visualization for such
medical records [31, 32], and integrate textual,
alphanumeric and imaging data in accordance to a

database model that organizes data around a patient’s
medical problems [33, 34] . A basic TimeLine view
previously has been developed to access medical
records as if all the data were in one single location,
while in reality the data is generated and stored in a
variety of heterogeneous hardware and software
systems and organizational units in the medical center
(e.g., PACS, RIS, HIS, etc). The next challenge we are
addressing is to able to adapt the TimeLine user-
interface, originally developed for high-powered
workstations with large displays, for handheld devices
with much smaller screen-sizes and a limited user-
interface, enabling the physician to become much more
mobile than he is now.

Figure 3 shows screenshots of the current
implementation of the Pocket TimeLine, which is a
Java servlet-based application. A demo is available at
[35]. This interface allows users to view selected
portions of the patient medical record across time,
including previously stored data streams from the
LifeShirt and other streaming data sensors. It also
enables users to view low-resolution images of an
entire medical image as well as graphs of LifeShirt
data. Future implementations will enable users to zoom
in on selected areas and view higher resolution images
of that area. Information that will be available to the
mobile physician in future implementations includes
the more traditional medical histories, reports, and
laboratory test results.

A desktop version of the TimeLine interface was
already developed on the Java platform [36]. We
considered implementing the handheld version of the
TimeLine interface by simply porting the desktop Java
implementation to a Java virtual machine on the
PocketPC platform. However, it was deemed infeasible
due to the lack of user-interface technology, such as
Swing [37], on the J2ME platform (the mobile device
version of Java) [38]. Thus, we decided to implement
the handheld TimeLine using dynamically generated
HTML pages from a Java servlet, leveraging the
existing Java infrastructure we developed for the
original TimeLine application.

The design tradeoffs when developing a web-
based handheld timeline revolves mainly on the
limited screen space available on the device and the
functionality that webpages provide for. On the
desktop TimeLine, users are able to view large spans
of time and all the events that occur in that time
interval simultaneously, due to the larger screen space.
However, on a handheld device, we have to
accommodate large spans of time on a small screen



while maintaining readability. Thus, simply shrinking
a timeline (including fonts and icons) is not an
acceptable solution. Alternatively, a time span can be
partitioned into several HTML pages, where only one
page for a sub-interval of the entire time span is
viewed at a time. However, if there are large gaps in
between events, many pages will simply be blank and
yield no useful information. Furthermore, the visual
temporal relationships among events that appear on
different pages are lost to the user. Another possible
solution is to maintain items that require readability
(e.g., text and icons) at readable levels while scaling
everything else (e.g., resolution of a time span) down.
As a result, the size of the font and the icons within the
timeline would be exaggerated compared to the time
span scale, yielding only relative temporal visual
relationships (e.g., event A takes longer than or occurs
before event B), which is the approach we have taken
with the current implementation. The drawback is that
users can no longer estimate absolute distances in time
visually (e.g., event A is 20 minutes long).
Furthermore, text and icons may become too cluttered
with one another if many events occur close together
in time. In future implementations, we can alleviate
this problem by replacing clustered icons with a single
summary icon that if the user clicks on, a new timeline
with an expanded timescale is shown with only the
originally clustered icons.
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The second design tradeoff that will need to be
resolved in future implementations is the user-interface
capabilities of HTML. On the desktop version, real-
time data can be displayed as quickly as data arrives to
the desktop TimeLine application. However, since we
are taking a web-based approach for the handheld
platform, the data would arrive on a Java servlet [39]
and a new HTML would have to be generated and sent
to the handheld device. Because of the overhead
involved, we envision that the user-interface on a
handheld device cannot be updated in real-time but
rather at fixed time intervals determined by the user or
the system.

IV. CONCLUSION

We have presented several advances to answer some of
the problems presented by the advent of the mobile
patient and the mobile physician. We are pursuing an
intuitive user-interface based on the timeline paradigm
for the handheld device. With these enabling
technologies, patients and physicians can become
mobile.
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Figure 3. (a) The mobile physician selects the patient, the data sources, and the time span of interest from the
main menu. (b) Given the inputs provided in the main menu, the system creates a vertical timeline of patient
records (e.g., CR, trend statistics, RR intervals, and CT records). One of the capabilities of the Pocket TimeLine
is to be able to view images, shown in (c), and to view graphs of data generated by the LifeShirt, shown in (d) by

selecting the appropriate records from the timeline.
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