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Abstract—The concept of wellness mobile is a novel
mobile service wherein wireless handheld devices such as
cell phones are equipped with a wellness monitoring appli-
cation, thereby enabling real-time self-wellness monitoring
by the cell phone user. The wellness mobile will provide
a safe and protective environment for an increasing cell
phone user-population to help combat anti-wellness factors
such as stress, fatigue, and illness. However, this emerging
technology is still in its infancy, and developing quantifiable
measures of wellness and designing intelligent monitoring
systems is quite challenging. This paper reviews the recent
trends and challenges facing this maturing revolutionary
mobile application.

Index Terms—Healthcare monitoring, mobile appli-
cations and services, mHealth devices, next-generation
telemedicine, wellness mobile

I. INTRODUCTION

The world is changing. Over 600 million people
worldwide have chronic diseases and the related expendi-
tures are expected to increase. For example, according to
the United States Census Bureau, the annual spending is
expected to rise from 500 billion to 685 billion USD by
2020. In the US, the number of adults and older people
was 37 million in 2000, and is expected to double by
2025. Fig. 1 shows the distribution of the healthcare
costs per day. Personal healthcare can be made more
cost-effective and day-to-day healthcare costs can be
reduced by disseminating information about new drugs
or prevention strategies when available, chronic disease
management, early detection, even pre-symptomatic, of
the disease. The novel concept of wellness mobiles
will facilitate affordable personal healthcare solutions to
users using portable wireless handheld devices such as
mobile phones.

The success of the mobile phone penetration has
brought about increases in the number of mobile phones
and users. In fact, in some developing countries around
the world, the number of mobile phone subscriptions
has exceeded the size of the population. With the devel-
opment of cellular technologies (e.g., 3GPP Long Term
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Fig. 1. Distribution of healthcare costs per day.

Evolution (LTE), Mobile WiMAX, etc.), the multitude of
service providers and mobile phone models around, what
began as a means of communication has metamorphosed
into a lifestyle device. With the spread of wireless
communications across the world, mobile phones are
becoming an indispensable personal electronic gadget.

The ‘spectrum stimuli’ from the Federal Commu-
nications Commission (FCC) favor wireless healthcare
delivery [1]. Frequency bands 608-614 MHz, 1395-
1400 MHz, and 1427-1432 MHz (a total of 16 MHz),
have been designated for medical telemetry. Land-mobile
radios and television are not allowed to operate on these
frequencies, making this band safe from these sources
of radio frequency (RF) interference. Additionally, the
medical implant communications service (MICS) stan-
dard has been defined for the 402-405 MHz band,
although there have been health monitoring systems
that operate in the 868 MHz and 2.4 GHz bands as
well. Further, ongoing efforts in the development of
medical standards, industry alliances, and consortiums
such as the IEEE 802.15.6 wireless body are networks
(WBANs), Continua Alliance, Wireless-Life Sciences
Alliance, ISO/IEEE 11073, and the ETSI eHEALTH1, all

1ETSI eHEALTH collects health information and technology related
requirements from relevant stakeholders to input them to the ETSI
Technical Committee that covers that area.



targeting wireless medical communications and health-
care services in different parts of the world, clearly
emphasize the growing interest from academia, medical
professionals, and the industry toward pervasive wireless
health monitoring.

A number of cellular service providers have started
collaborating with software companies in order to fa-
cilitate affordable wireless healthcare solutions. For ex-
ample, in the United States, ATT offers point-of-care
report automation by CellTrack to provide leading home
healthcare and hospice agencies with cell-phone enabled,
point-of-care automation, and a paperless report solution.
The medical charges are captured by MediMobile and
then integrated with the hospital and billing systems
allowing for a seamless integration and documentation of
healthcare costs [2]. Similarly, Verizon Wireless health-
care services include electronic charge capture and point-
of-care solutions by MedAptus, while Sprint Nextel is
offering a physician application suite by PatientKeeper
enabling physicians to review electronic patient records,
write prescriptions, enter charges, dictate notes, docu-
ment encounters, place orders, and even consult with
other caregivers [3].

Outside the US, M-Taiwan 2 is the Taiwanese gov-
ernment’s initiative for facilitating ubiquitous broad-
band access and improving the wireless infrastructures
throughout the nation, which is supported by Chunghwa
Telecom, the largest cellular operator in Taiwan and
Nortel Networks. The initiative launched at Taiwan’s
largest hospitals provides mobile healthcare services
such as allowing a nurse to perform remote outpatient
registration and allowing doctors virtual access to a
patient’s medical records, just to name a few [4]. An-
other example is the TELUS Community Care Man-
agement Solution (CCMS) that is powered by phone
using standard Microsoft interface on smart phone, in
collaboration with one of the Canadian largest healthcare
service provider Closing the Gap Healthcare Group.
The TELUS aims to provide improved productivity and
efficient communications among healthcare providers
and an increased service integration, quality-of-care, and
patient safety using a Microsoft Outlook interface for
desktop and wireless-enabled devices and smart phones.
More recently, the wellness support platform by NTT
DOCOMO is a new health screening and intervention
program in Japan to reduce the number of people suf-
fering from both metabolic syndrome and pre-metabolic
syndrome by enabling collection and delivery of vital
data such as weight, blood pressure and step-count to
a healthcare provider or health adviser [6]. Thus, there
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have been various efforts to establish a reliable wireless
communication link between medical professionals and
the patients’ medical data.

The rest of the paper is organized as follows. Section II
reviews the popular approaches for quantifying wellness
and introduces the paradigm of the “wellness mobile.”
Section III lists the technical challenges in this emerg-
ing field. Finally, Section IV presents the concluding
remarks.

II. MEASURING WELLNESS

Modeling and measuring wellness is inexact and has
been traditionally viewed as just the lack of disease [7].
Researchers in a gamut of disciplines have been studying
human wellness by modeling stress and fatigue, and have
developed approaches to recognize these effects to infer
about human wellness. Psychologists define wellness
states as a function of emotions, i.e., as positive or neg-
ative reactions to situations consisting of events, actors,
and objects. Ergonomic studies indicate the Inverted-U
relationship exists between stress induced by pressure at
work and performance of a task.

A very popular approach has been to adopt the phys-
iologists’ view-point that high stress is accompanied
with large deviations from normal processes such as
body temperature, heart rate, etc. Many physiological
measures such as heart rate variability, skin conductiv-
ity, facial expressions and gestures [5], [8]–[14]. The
discernible behaviors in question could be patterns of
interaction between user and computer, e.g., the interac-
tion between user and the mouse or the keyboard.

Lately, researchers have been applying probabilistic-
reasoning approaches to model user affect using graph-
ical models like hidden Markov models (HMM),
Bayesian networks (BN) and influence diagrams (ID)
that relies on only bodily expression related features and
also lack of validation. A temporal Bayesian network
(TBN) with preset thresholds to recognize user fatigue
and provide timely assistance was proposed in [5]. To the
best of our knowledge, only [5] and [8] have proposed
state-of-the-art TBN frameworks for monitoring fatigue
and stress. Further, while [5] provide a framework for
inferring fatigue and stress using only mental stressors,
[8] proposes a stress detection technique exclusively for
driving test.

A typical diurnal routine comprises many activities,
each associated with a different stress states; they can
be broadly classified as no, low, moderate, and high
stress activities. The variations in the biometrics will
be markedly different for the distinct activities. Further,
sharp, rapid fluctuations in biometrics directly correlate
with engagement-levels of the different activities, and the
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Fig. 2. Flowchart for wellness inference using biometric sensors.

sequence and the time allocation of each activity could
affect the fluctuations in biometrics. Preliminary results
for human wellness inference (and the engagement of a
certain activity) using detectable fluctuations in biomet-
rics during very simple activities were presented in [15],
[16], the basic algorithm for which is shown in Fig. 2.

Feature extraction that requires less memory and
hardware becomes very critical for implementation on a
wireless handheld device. Relying on a single modality
to infer about wellness state may not be very reliable.
At the same time, deploying multiple-modality frame-
works could increase the hardware and computation
burden on a wireless handheld device. Therefore, it
is important to devise simple methodologies that rely
on fewer biometric measurements and can track the
wellness states of the user with reasonable accuracy.
Going forward, DOCOMO USA Labs plan to work with
health-device manufacturers and medical professionals
to identify cost-effective ways to deploy more biometric
sensors (currently, being used in our experiments) on a
handset for personalized wellness monitoring.

One way to implement such a wellness platform
is by deploying existing biometric sensors on mobile
phones, prevalent in most state-of-the-art smart phones
today or by using more biometric sensors that might
be available in future phones. Using the measurements
from the sensors on the phone, the wellness of the user
can be determined, a day-to-day wellness ranking can
be provided for tracking purposes, thereby encouraging
healthy living. Users would also be able to connect
the phone to a health management service by recording
various types of data such as eating habits and exercise,
and share data with one’s family and friends. Lastly,
Virgin HealthMiles and GE healthcare offer a first-
of-its-kind health rewards program that motivates and
incentivizes users to engage in healthier lifestyles by
being more active [17]. However, none of these service

Fig. 3. Conceptual framework for a mobile healthcare platform.

Fig. 4. An “activity-based” self-wellness monitoring application.

providers use mobile phones, but if biometrics sensors
become more widespread and simple efficient wellness
monitoring algorithms can be designed (as demonstrated
by our results in the previous section), then the users can
use their mobile phones to track and monitor personal
wellness.

Fig. 3 illustrates this concept of the wellness mobile.
Using inexpensive sensors (denoted in Fig. 3 as P1, P2,
etc.) biometrics of the user such as temperature, heart
rate, galvanic skin resistance (GSR), movements, weight,
etc, can be measured and recorded. These biometrics
are then weighted (weighting coefficients denoted in
Fig. 3 as W1, W2, etc.) and combined with other
information, possibly also obtained using the mobile
phone to compute a wellness index (denoted in Fig. 3
as Ψ) that could customized to the mobile phone user’s
daily lifestyle. In this way, the concept of wellness
mobile envisioned can improve the quality-of-life for the
cell phone user by facilitating timely and better quality
measurements, instantaneous feedback, improving the
quality of medical information and enhancing patient
compliance. Further, the mobile application can be used
during various activities as shown in Fig. 4, which entail
different demands from the user to track the wellness
states transitions during different tasks
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Fig. 5. Challenges for a wellness handset.

III. DESIGN CONSIDERATIONS AND CHALLENGES

A. System Design Aspects

1) Security, reliability and energy efficiency: These
are key issues in the design of sensor networks and have
become more important with the entrance of biosensors
in pervasive health care. While looking for a medical
suggestion based on the data collected by biosensors on
the phone, an obvious question that arises is how reliable
is the data. Authentication can play a vital role in the
long discussed security and reliability features. Though
the issue of authentication of biosensors is very crucial,
it has not been discussed with proper priority. Security
and reliability of the data provided by the biosensors
are highly dependant on the authentication mechanism
of the biosensors. If the mote is misguided to collect
information from an unauthenticated sensor, a judgment
based on the false data can instruct the patient incor-
rectly, thus placing the patient in danger. There is always
the challenge of designing sensors for reliable com-
munication between the sensors on the phone and the
user. The link between external healthcare devices like
blood monitoring systems, glucose monitoring systems,
etc., with the phone imposes further requirements on the
technology that is used (such as Bluetooth, RFID, UWB,
etc.) and the levels of reliability in communication that
can be achieved. Secure communication of data on the
last link from the sensor on the mobile phone to a base
station is also important. However, complex encryption
techniques that are available for data security are not
energy economical such sensor-based systems. Further,
devices like biosensors and mobile phones are limited
in energy like battery power. Any attempt to increase
the reliability and security places a negative impact
on the limited energy available. The key issues in the
design and implementation of a wellness application are
manifold and Fig. 5 summarizes the important technical
and non-technical issues facing the commercialization of
a wellness handset.

2) User friendly interface: Many aging people have
never used smart phones, let alone wearable sensors, etc.
As a result, in order to make this application a fruitful
one, the wellness application on the mobile phone must
be made simple in every sense. Representations of the
data, suggestions, and all the user interfaces have to
be extremely simple, self explanatory and easy to use.
Moreover, while collecting or representing the data, the
interaction with the user has to be minimal. This way,
the user will not be bothered with the foreign computing
aspects. Running of the application should not have any
type of negative impact on the performance of other
currently running applications on the mobile phone. An
unnoticed operation style would be optimal for minimal
user impact.

B. Wellness Aspects

1) Meaningful wellness state representation: The rep-
resentation style of the collected data is very impor-
tant. The representation should be visually packed with
meaning. It has to enable the users to overcome their
problems. The collected data has to be refined and
depicted to the user in such a manner that motivates and
encourages the user to lead a healthier lifestyle rather
than seeing merely numbers or tables. It is possible that
people might not benefit completely from the collected
medical data, not due to lack of information but instead
due to lack of personalized feedback of information.
An interactive user-interface (UI) that is easy to read,
navigate, and customize will not restrict the wellness
mobile to trained medical professionals.

2) Context-aware wellness state representation: The
wellness mobile should have the capability to represent
the collected data about the person in different ways
based on the identity of the role. When representing
information to the user-based on the collected data, it
should focus mainly on suggestions for what to do rather
than depicting the pros and cons of the situation. But
when the wellness mobile represents the data to the user,
it should show everything in detail, to ease the decision
making process for the medical personnel.

3) Criticality-based wellness state representation:
The wellness mobile should be able to distinguish among
various levels of importance of the data based on the
criticality of the problem. For example, if it is collecting
data for a user who has been suffering from obesity
and irregular heartbeat problems multiple times a day
at regular intervals, it may notify the user and make
all this information accessible. Depending on warning
levels and assistance offered by the wellness monitoring
application, the user can decide on the course of action,
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i.e, to increase the periodicity of the measurements,
consulting a doctor, etc.

C. Other Aspects

1) Business models: Making the concept of wellness
mobile commercially viable hinges on a sustainable
revenue model. Most vendors still rely heavily on angel
investors and have yet to find a good revenue model.
Business models that are being tested include software
licensing (e.g., iPhone apps) are yet to turn in sizable
profits or a large number of subscribers. The reimburse-
ment rates for the physicians and the current fee schedule
need to revised before this technology hits the market.
There is a need to scope out the service, pricing and
strategic directions to assess market readiness and target
demographic to make the concept of wellness mobiles a
reality.

2) Concern from stakeholders: Besides business
model issues, many technologies also face distrust from
key stakeholders. Payers, who pay close attention to
balance of risk versus reward, do not want to reim-
burse technologies that fail to meet their internal return
of investment (ROI) goals or do not show substantial
improvement over existing procedures and services.

3) Health regulations: Federal regulating bodies such
as the Food and Drug Administration (FDA) mandate
requirements that would apply to a mobile phone that
crosses that line. Ensuring compliance with the quality
system regulations is a big hurdle.

IV. CONCLUDING REMARKS

Given that this is an emerging technology and that the
research is still in its infancy, many issues related to the
implementation of a simple, reliable, and cost-effective
wellness monitoring system have not been addressed.
The existing works related to wellness mobiles address
advances in the field of medicine and there is a need
for active collaboration with federal agencies such as
the FCC and the FDA to make it commercially viable.
The solutions provided thus far are not user-centric in
the sense that the data can be interpreted and used
only by trained medical professionals. The available
prototypes for monitoring primarily cater to medical data
collection from “patients” with specific diseases or health
conditions and are not suitable for day-to-day wellness
monitoring. Above all, the existing literature lacks a
unified framework for wellness assessment for typical
day-to-day human activities. Accurate recognition and
tracking of detectable physiological and physical traits
combined with timely and appropriate medical assistance
is very much a maturing concept, and the approaches
formulated thus far have been too specific, e.g., driving

in a car, flying a plane, etc,. Inferring about the users
internal wellness state during different activities is highly
user-specific and most importantly depends on the con-
text and prior knowledge of the wellness state. So an
effective wellness monitoring system should account not
only for the activity, but also for the context and the prior
wellness state. So a context-aware algorithm coupled
with the knowledge of various wellness inhibitors, the
causes and the symptoms, are of paramount importance
in designing an effective wellness monitoring system.
Lastly, we have listed out the possible technical chal-
lenges facing a commercial wellness mobile platforms.

REFERENCES

[1] Source: http://wireless.fcc.gov/services/index.htm?job=service
bandplan&id=wireless medical telemetry

[2] Source: www.medimobile.com/
[3] Source: http://www.patientkeeper.com/
[4] Source: http://www.wimaxforum.org/technology/downloads/M

Taiwan Program.pdf
[5] W. Liao, W. Zhong, Z. Zhu, Q. Ji, and W. Gray, “Toward

a decision-theoretic framework for affect recognition and user
assistance,” Int. J. of Human-Computer Studies, vol. 64, pp. 847–
873, 2006.

[6] H. Takei, et. al., “Wellness support platform using mobile termi-
nals,” NTT DOCOMO Technical Journal, vol. 11, no. 2, pp. 9–15,
2009.

[7] J. S. Miller and C. Hull, Measuring human wellness, Social
Indicators Research, Springer, 1997.

[8] G. Rigas, C. D. Katsis, P. Bougia, and D. I. Fotiadis,“A reasoning-
based framework for car drivers stress prediction,” Proc. 16th
Mediterranean Conf. on Control and Automation, June 2008,
pp. 627–632.

[9] H. Kataoka, H. Yoshida, A. Saijo, M. Yasuda, and M. Osumi,
“Development of a skin temperature measuring system for non-
contact stress evaluation,” Proc. IEEE Engineering in Medicine
and Biology Society, Oct. 1998, pp. 940–943.

[10] D. G. Park, S. C. Shin, S. W. Kang, and Y. T. Kim, “Development
of flexible self adhesive patch for professional heat stress moni-
toring service,” Proc. IEEE Engineering in Medicine and Biology
Society, Sep. 2005, pp. 3789–3792.

[11] M. H. Lee, G. Yang, H. K. Lee, and S. Bang, “Development stress
monitoring system based on personal digital assistant (PDA),”
Proc. Engineering in Medicine and Biology Society, pp. 2364–
2367, Sep. 2004.

[12] I. G. Finvers, J. W. Haslett, and G. Jullien, “Wireless tempo-
ral artery bandage thermometer,” Proc. Biomedical Circuits and
Systems Conf., Nov. 2006, pp. 166–169.

[13] M. Yeasin, B. Bullot, and R. Sharma, “Recognition of facial
expressions and measurement of levels of interest from video,”
IEEE Trans. on Multimedia, vol. 8, no. 3, pp. 500–508, June 2006.

[14] H. Prendinger, P. Piwek, and M. Ishizuka, “Automatic generation
of multi-modal dialogue from text-based on discourse structure
analysis,” Proc. Int. Conf. on Semantic Computing, Sep. 2007,
pp. 27–36.

[15] A. Kailas, C. C. Chong, and F. Watanabe, “A first-order Markov
model for wellness mobile applications,” Proc. IEEE Vehicular
Technology Conference, May 2010.

[16] , “A simple iterative algorithm for wellness applications,”
Proc. IEEE Wireless Communications & Networking Conference,
Apr. 2010.

[17] Source: http://www.virgin.com/company/virgin-healthmiles/

5


