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Abstract

The paradigm of wellness mobiles will enable healthcare professionals to have access to compre-

hensive real-time patient data at the point-of-care and anywhere there is cellular network coverage.

More importantly, users can continuously and frequently track their health on the go, and receive real-

time user assistance when needed to alter their lifestyles. Recently, there has been growing interest in

developing proactive wellness products and health-related smartphone applications. However, developing

quantifiable measures of wellness for continuous tracking, and designing compliant monitoring systems

is quite challenging, and so, it could be a while before remote monitoring becomes standard procedure

in healthcare. This paper motivates future research in this emerging field by presenting a ringside view

of the recent developments and trends favoring this technology, and the challenges facing this next

generation of telemedicine.

Index Terms
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I. INTRODUCTION

All phones by definition have an audio sensor, and an increasing number of smartphones have

camera, light, accelerometer sensors, to name a few. With hardware advances, it is quite likely
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that this collection of sensors will only become richer to include state-of-the-art biosensors. For

example, future mobile phones might include skin temperature or pulse rate measuring sensors.

The paradigm of wellness mobiles is one wherein mobile phones are equipped with biometric

sensors, thereby provisioning real-time self-wellness monitoring for users. This maturing concept

has great potential for innovation in the cellular world, and also to make personal healthcare

cost-effective by limiting the use of emergency care. However, there are a number of technical

and non-tehnical factors that need to be considered in making this mobile wellness platform a

reality. The good news is that all of these problems are the subject of active research. In the

remainder of this article, we render our perspective for future research in this field by outlining

some recent developments along with the challenges facing this visionary technology.

A. Toward Cost-effective Personal Healthcare

The world is changing. In the United States alone, the number of adults and older people

was 37 million in 2000, and is expected to double by 2025. Over 600 million people worldwide

have chronic diseases and the related expenditures are expected to increase. An estimated $1.4

trillion, or about 75% of the nations healthcare spend, is on treating chronic conditions (defined

as heart disease, diabetes, cancer, stroke or chronic obstructive pulmonary disease), which equals

to about $5300 per person each year. Fig. 1 shows the distribution of the healthcare costs per

day, and it can be seen that personal healthcare can reduce the day-to-day healthcare costs by

disseminating information about new drugs, chronic disease management, early detection, and

even pre-symptomatic of the disease [1].

Moreover, as people all over the world are becoming more and more health conscious, the

need for different types of health services has also been constantly on rise. Medical and policy

experts agree that the wireless industry is a key component in the healthcare “fix.” The United

States has more than 270 million wireless subscribers and there are more than 4.1 billion in

the world with wireless access, wireless wellness solutions are vital to making healthcare more

efficient, effective and patient-focused.
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Fig. 1. Distribution of healthcare costs per day.

B. Regulation, Standards and Industry Alliances for Wireless Healthcare

The “spectrum stimuli” from the Federal Communications Commission (FCC) favor wireless

healthcare delivery. 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)

standard 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 targeting wireless medical communications and

healthcare services in different parts of the world, clearly emphasize the growing interest from

academia, medical professionals, and the industry toward pervasive wireless health monitoring.

1ETSI eHEALTH collects health information and technology related requirements from relevant stakeholders to input them

to the ETSI Technical Committee that covers that area.
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C. Telecom Operators

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 development

of cellular technologies (e.g., 3GPP Long Term 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 commu-

nications across the world, mobile phones are becoming an indispensable personal electronic

gadget [2].

A number of cellular service providers have started offering affordable wireless healthcare

solutions. For example, in the United States, AT&T offers point-of-care report automation in

order to provide leading home healthcare and hospice agencies with cell-phone enabled, point-of-

care automation, and a paperless report solution. Similarly, Verizon Wireless healthcare services

include electronic charge capture and point-of-care solutions, while Sprint Nextel is offering a

physician application suite, which enable physicians to review electronic patient records, write

prescriptions, enter charges, dictate notes, document encounters, place orders, and even consult

with other caregivers. Outside the United States, wireless wellness is a key component of M-

Taiwan 2, the Taiwanese government’s initiative for facilitating ubiquitous broadband access

and improving the wireless infrastructures throughout the nation that is supported by Chunghwa

Telecom, the largest cellular operator in Taiwan and Nortel Networks. More recently, the wellness

support platform by NTT DOCOMO is a new health screening and intervention program in

Japan in order to reduce the number of people suffering 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 [3].

The rest of the paper is organized as follows. Section II reviews the state-of-the-art in well-

ness applications on smart phones, and introduces the concept of wellness mobile. Section III

summarizes the technical and non-technical challenges in this emerging field. Finally, Section IV

discusses the concluding remarks and future research directions

2Mobile-Taiwan (M-Taiwan) Program
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II. WELLNESS MOBILE PLATFORMS

The latest equipment for improving healthcare is not a multimillion-dollar computer system,

but an inexpensive gadget that many of us have in our pockets: smartphones. Smartphones

like the iPhone, the Blackberry, Palm Pre, Google Android, and the T-Mobile MyTouch are

becoming ubiquitous. Thanks to advances in technology, the types and numbers of applications

that are available for use on these devices has increased exponentially. Healthcare/wellness-

related applications that run on smartphones give healthcare providers and patients information

and capabilities they need where and when they need them. The phones and applications are

inexpensive, can be bought/downloaded via secure network connections, and are becoming

ubiquitous [4]. They provide doctors information and data, and give patients tools they need

to take better care of themselves.

A. Wellness Applications for Smartphones

The number of health-related applications for smartphones has skyrocketed during the past

six months from just a few hundred to 7000 health applications [5]. Further, about 30% of

all health related smart phone applications are intended for use by healthcare professionals,

including physicians, nurses, medical students and others, according to the report. These and

many more of the 7000 health related applications available to iPhone users may be of limited

medical value, but they are clearly offering more choices to consumers who want to take an

active role in managing their own health.

Aside from sheer numbers and consumer popularity, an important indicator of the impact

of mobile medical applications is the adoption by physicians and health care providers of

clinical applications for smartphones. However, iPhone is not the only smartphone popular

with healthcare providers. Over 3000 healthcare applications are available for other types of

smartphones including Blackberry, Google Android, Symbian, and Windows Mobile devices.

Breaking down these wellness applications by primary user and medical focus, a high per-

centage of the most widely adopted mobile applications are actually aimed at trained medical

professionals rather that at consumers. A list of the most common applications can be found in

Table I.
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TABLE I

CLASSIFICATION OF MEDICAL APPLICATIONS FOR SMARTPHONES

Physicians/health care provider-centric User-centric

Drug databases Personal health record on the phone

Medical calculators Healthy lifestyle suggestions

Reference programs Medication adherence and selection programs

Decision support for both physicians and nurses Physician selection

Tracking patient stats (weight, blood pressure, etc.) Second opinions

Patient history accessing, managing, and documenting Monitoring physical well being (fitness and diet)

Communication managers Health/disease monitoring and management (including home monitoring)

Payer tools (coding, eligibility determination, etc.)

These software-based medical applications offer timely access to accurate, up-to-the-minute

information that enables healthcare practitioners to provide better care at lower costs while saving

time, minimizing errors and legal challenge. For example, the Medscape Mobile, an iPhone

application is essentially an extensive and interactive drug reference with images and videos

of medical conditions in addition of in-depth and up-to-date medical news. Yet another popular

digital drug guide for smartphones is Epocrates, currently used by more than 100,000 physicians.

Skyscape Medical Resources offers an iPhone application with content such as Outlines in

Clinical Medicine, a medical calculator, and a drug dosing tool. Moreover, a good number of these

applications rely on some third party healthcare devices (e.g., needing Bluetooth transmissions

from a blood pressure sensing unit on the patient) with the phone acting as the communication

hub. The phone then needs to connect to a remote server for accessing information, and this

scenario has the limitations of failing when the communication link fails. Then there are the

security concerns to keep patient data private: Medical professionals and users are understandably

wary of beaming medical images all over the place via WiFi. In summary, these applications have

transformed mobile phones into personal health assistants for the users that aid in documenting

personal health data, providing access to medical news, seeking second opinion, reminding

medicine intake, etc., which is quite different from the visionary paradigm of mobile healthcare

platforms discussed in this paper.

6



B. From Wellness Applications to a Wellness Mobile Platform

Stated simply, the concept of wellness mobiles or wellness phones is one wherein different

biosensors are built into mobile phones, thereby transforming them into mobile healthcare plat-

forms. These healthcare platforms will facilitate real-time, user-centric monitoring and tracking

of key physiological parameters, and enable recognition of complex dynamic affective states

(wellness states, stress states, etc.) using sensory measurements. Because the sensors are on the

phone, there is no need to rely on third party-based communication devices that could otherwise

make monitoring cumbersome, or add the reliability and bandwidth issues associated with another

communication link. This also makes the whole process more secure as the user has full control

on the platform.

A wellness state is an integration of context, time of activity, subjective experience, ex-

pressive behavior, and neurochemical3 activity [6]. Researchers in a gamut of disciplines have

been studying human wellness by modeling wellness inhibitors such as stress and fatigue, and

developed algorithms to recognize these effects to infer about human wellness. We classify

these algorithms into two broad categories - statistical learning-based and heuristic. Statistical

learning-based algorithms refer to probabilistic-reasoning approaches to model user affect using

graphical models like hidden Markov models (HMM), Bayesian networks (BN) and influence

diagrams (ID) [7] (and the references within). Heuristic algorithms, on the other hand, do not use

a probabilistic framework, and are less complex and classify wellness based on instantaneous

variations in biometrics [8]–[10].

Fig. 2 illustrates the basic concept of the wellness mobile. Using inexpensive sensors, bio-

metrics of the user such as temperature, heart rate, galvanic skin resistance (GSR), etc. can be

measured and recorded. These biometrics are then weighted (weighting coefficients denoted in

Fig. 2 as W1, W2, etc.) and combined with other information, possibly also obtained using the

mobile phone to compute a wellness index (denoted in Fig. 2 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 en-

3Activities of nervous tissues.

7



Fig. 2. Mobile phone as a mobile healthcare platform.

Fig. 3. An “activity-based” self-wellness monitoring application.

hancing patient compliance. Further, the mobile application can be used during various activities

as shown in Fig. 3, which entail different demands from the user to track the wellness states

transitions during different tasks.

However, the issues in the design and implementation of a wellness application are manifold
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[11], and a summary of the important technical and non-technical issues facing the commercial-

ization of a wellness handset that is based on literature research, market scan and analysis is

presented in the next section.

III. DESIGN CONSIDERATIONS AND CHALLENGES FOR A WELLNESS HANDSET

The key issues in the design and implementation of a wellness application are manifold and

Fig. 4 summarizes the important technical and non-technical issues facing the commercialization

of a wellness handset.

Fig. 4. Challenges for a wellness handset.

A. System Design Aspects

1) Security, reliability and energy efficiency: Making timely and accurate medical inferences

based on the data collected by biosensors on the phone imposes stringent requirements on the

reliability of the data. Further, security and reliability of the data provided by the biosensors

are highly dependant on the authentication mechanism of the biosensors. Though the issue of

authentication of biosensors is very crucial, it has not been discussed with proper priority. If

the mote is misguided to collect information from an unauthenticated sensor, a judgment based

on the false data can instruct the patient incorrectly, thus placing the patient in danger. Secure

communication of data on the last link from the sensor on the mobile phone to a base station of

a cellular network is also important. However, complex encryption techniques that are available

for data security are not energy economical for such sensor-based systems. Further, devices like
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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.

2) User friendly interface: Many aging people have never used smart phones, let alone

wearable sensors, etc. Many of them have reluctance to try something new. Some hold the

false notion that they will not be able to use the advanced devices. 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.

3) Miniature memory footprint: Considering the memory storage restriction of handheld

devices, any application running on a mobile phone has to be in miniature form. A minimal

interface and a minimal memory usage will keep the application quick enough for a wide variety

of resource-restricted devices. Using “cloud computing” to have virtual storage of data on the

network side for decision-making and shifting heavy processing to the network servers can reduce

the memory requirements for storage and processing on the user handsets.

4) Interference issues: The choice of the operating frequency band is very important to

avoid or reduce interference from other commercial and medical applications. For example,

the industrial, scientific, and medical (ISM) band is too congested with users and applications,

and so the resulting interference when operating in this band is very high.

5) Minimal discomfort in data collection: 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 representation style of the collected data is

very important. 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
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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 can be used to illustrate the wellness state instead.

2) Context-aware wellness state representation: The wellness mobile should have the capa-

bility 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

and be personalized in order to aid the decision making process for the user.

3) Problem-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, 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. Mobile operators are always looking for new revenue models,

which are able to both ensure a return on the technological infrastructure. Thus, devising

intelligent models, which work to develop both their business case and take into consideration

the technological development and the demand for increased revenue is required. There are also

downsides of subsidies paid to mobile phone manufacturers by mobile operators. An example

of this is the iPhone and its plethora of applications. Despite ever-increasing numbers of iPhone

users with high data-usage accounts, AT&T does not break even on its high subsidies to Apple

until the 17th month of a 24-month contract, according to a new report from Yankee Group.

Furthermore, in the case of the wellness mobile, the reimbursement 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
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target demographic to make the concept of wellness mobiles a reality. Overuse is also a payers’

concern when physicians over-prescribe the solution even if it is not medically necessary.

2) Concern from stakeholders: Besides business model issues, many technologies also face

distrust from key stakeholders. For example, add in the thousands of iPhone applications that are

focused on helping consumers with diet, nutrition, exercise and general wellness practices such

as yoga and meditation, and the mobile medical and health area is one of the fastest growing

smart mobile sectors. Rapid growth, however, does not always translate into high revenues or

competitive advantage. As thousands of new iPhone applications debut every month, strategic

ecosystem partners are essential for adoption and survival.

3) Health regulations: The state-of-the-art mobile health applications that use capabilities of

a smartphone to automatically collect, record and report patient health data may soon be subject

to scrutiny and regulation by federal regulating bodies such as the food and drug administration

(FDA). While the FDA does not currently regulate these applications, the more sophisticated

mobile solutions are starting to look like medical devices, which require FDA registration and

approval. More mobile health applications are likely to fit the definition of regulated devices

as smartphones connect to biosensors and begin to collect patient data automatically. Ensuring

compliance with the quality system regulations and ensuring manufacturers produce quality

products commensurate with the risks associated with using the device is a big hurdle.

IV. CONCLUSIONS AND DISCUSSIONS

Given that the wellness mobile is an emerging concept 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 wireless

healthcare address advances in the field of medicine and there is a need for active collaboration

with federal agencies such as the FCC and the the FDA to make it commercially viable. 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 context and prior knowledge of the wellness state. So an effective wellness
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monitoring system should account not only for the activity, but also for the context and the prior

wellness state. Therefore, 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. Going forward, DOCOMO USA Labs and NTT DOCOMO

plan to work with health-device manufacturers, medical professionals, and standardization bodies

to champion an easy-to-use personal wellness-monitoring system that reduces personal healthcare

costs.
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