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Abstract—The Wireless Sensor Networks (WSN) environments
are increasingly becoming intelligent with the rapid boost in
the capabilities of sensor nodes. The Sun Small Programmable
Object Technology (SPOT) platform offers a high-end sensing
device in terms of processing, memory and battery configurations
compared to the other existing in the community.

Within the scope of this paper, an example health care use
case is implemented using the concept of service-oriented Sun
SPOTs. The existing Mobile Web Services (MobWS) framework
is ported to Sun SPOT devices for domain specific in-network
computations using synchronous or asynchronous MobWSs. The
paper presents and discusses a prototypical application called
MEDICARE, that integrates the MobWSs and the WSN. In the
final phase, the performance evaluation is presented in terms of
power consumption and battery lifetime of Sun SPOTs owning
the MobWS.

I. INTRODUCTION

In principle, every ubiquitous context-aware application
demands a technology platform capable of sensing, processing
and storing environmental information. These platforms are
usually represented by small devices equipped with sensors, a
microprocessor and some kind of volatile or non-volatile mem-
ory. The networking capabilities of these devices vary across
application use cases and may employ wired, wireless or
both modes of communication. Here, the focus is particularly
on the wireless mode. The small-footprint applications are
developed on top of these devices which uses their networking
capabilities to communicate with other similar nodes, or even
with external high-end servers or network terminals.

In our recent research [1], we proposed to deploy MobWS
on these collector nodes to perform distributed and Peer-to-
Peer (P2P) in-network computations. Since the in-network
computations in the wireless networks is a scientific challenge,
the deployment of the MobWS framework [2], [3] enables
server capabilities in collector nodes, consequently supporting
highly complex MobWS provisioning from resource-constraint
devices, to perform collaborative distributed operations. As an
extension to [1], here we use service-oriented WSN to derive a
specialized use case focusing on a sample health care scenario.

The demands of the health care solutions are not straight-
forward. Especially in context-aware applications based on
WSN infrastructure, the distributed collector nodes while
collecting the sensor data, are required to perform complex
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processing simultaneously to deliver meaningful information.
The computation processes performed by these collector nodes
are classified as short- or long-lived [1]. We further map
each respective class of the process to Mobile Synchronous
Web Service (MSW) and Mobile Asynchronous Web Service
(MAW). In order to clearly specify the requirements, the
MobWSs in health care scenario are categorized as Environ-
mental, Patient and Equipment sensing services. Each category
may incorporate several MobWSs offering interfaces for short-
lived or long-lived processing. Table I lists some exemplary
services in each category that may be provisioned by the
collector nodes to fulfill the requirements of the health care
use case.

CATEGORY SERVICES TYPE
short-lived long-lived

Environmental LightCondition x
RoomTemparature x
Presence x

Patient BodyTemparature x
BloodPressure x
HeartCondition x
Movement x

Equipment DeviceConfiguration x
PerformanceMonitor x
OxygenMonitor x

TABLE I
CATEGORIES AND EXAMPLE SERVICES IN HEALTH CARE

The service examples presented here are only to spotlight
the importance and necessity of each class of service in
software architectures of health care applications, which may
differ from the actual implementations.

II. PROTOTYPE IMPLEMENTATION

In order to address the problems imposed for software
development by existing devices [4], a project is originated
at the Sun Microsystems Laboratories1 that envisage the con-
struction of a sensor-equipped high-valued device to support
ubiquitous computing applications. According to a technical
report published by Sun [4], the project mainly focuses on
providing efficient solutions to some major issues faced by
existing technology platforms. As of now, the project has

1http://research.sun.com/



resulted in a device called Sun SPOT2 that provides an
innovative solution to aforesaid issues in terms of software
and hardware platforms.

Based on the Sun SPOT technology as an exemplary
platform, a prototype called MEDICARE has been developed
to demonstrate a health care use case that bridges the gap
between service-oriented computing and WSN domains. The
overall development of MEDICARE application is divided into
two phases. In the first phase, the MobWS framework [2], [3]
is ported to the Sun SPOTs, consequently equipping them with
MSW and MAW provisioning capabilities. The second phase
involves the development of MEDICARE; a management
and visualization application for high-end network servers
to monitor and control Sun SPOT nodes and the embedded
MobWSs. Here, the Sun SPOT are only used as an example
sensor platform, and other wearable or more user-centered
technology may be used for actual product development. This
section discusses the two development phases of the prototype.
For details regarding the existing system, the reader is referred
to [2], [3].

A. Sun SPOTs and Mobile Web Services

Porting the MobWS framework to the Sun SPOT devices
is not straightforward. Since MobWSs are not limited to
consumer devices, therefore they can be used as a back-end
or internal process of the network terminals with no direct
interaction with the end user. In the health care application
scenario, these network terminals are the Sun SPOT devices
forming a distributed ad-hoc WSN. From the technologi-
cal perspective, the Information Module Profile (IMP) is
a standard way to develop Java Micro Edition (Java ME)
applications for embedded devices. Thus, as a prerequisite of
porting the framework to the Sun SPOTs, the framework is
transformed to the IMP platform. By default, the Sun SPOTs
communicate over the IEEE 802.15.4 radio standard, therefore
a protocol binding for Simple Object Access Protocol (SOAP)
is also developed to enable P2P short-ranged MobWSs.

The discovery of the MobWSs on Sun SPOT nodes is
a vital issue. Thus, each node must be able to provide
information about its provisioned services to the peers and
high-end network servers on demand. The MSWs, due to their
short-lived nature, are suitable for such operations. Therefore,
during the implementation phase, a MSW called ServiceList is
developed that maintains a list of all the MobWSs published by
its host Sun SPOT. This facilitates the other Sun SPOT nodes
or the network servers to discover the provisioned services
of their peers by invoking ServiceList and in response obtain
the list of MobWSs available on that particular node. Once
the services are discovered, MSW or MAW can be invoked to
initiate short- or long-lived collaborative computations.

Within the current prototype, the Sun SPOT nodes are
not extended with third party sensors. Since the focus is
to demonstrate the concept of a health care solution based

2http://www.sunspotworld.com

on the MobWS-oriented WSN and the in-network compu-
tations, the default Sun SPOT sensors, Light, Temperature
and Movement, are used to mimic health care data. For each
sensor, a MAW is implemented that continuously collects
the environmental data and perform computations, such as
calculating the Mean of every 100 values. In real situations,
the computations performed by these services may be derived
from application requirements that may implement highly
complex algorithms (e.g. media processing, data compression,
face detection etc.). Here, the focus is only to provide a
framework and an Application Programmers Interface (API)
that supports the development of domain specific MobWSs
offering specialized computations in WSN. The Mean values
calculated by the MAW can be transmitted to the requesting
node periodically or on demand. In the current prototype, the
computation outcomes are dispatched to the requesting clients
after every 5 seconds that are used to monitor the health
condition and initiate respected actions. Due to the underlying
architecture [5], [6], the prototype also provides control to the
requesting node over the behavior of MAWs by supporting
state transitions during service runtime (e.g. suspending the
computations for 30 minutes or changing the transmission
interval to 10 seconds etc.).

B. MEDICARE Application

The Sun SPOTs tightly couples with a high-end application
responsible for analysis and representation of computation
outcomes to some higher hierarchy in the network. The
application facilitates MobWS creation, invocation and man-
agement from a network server and may be extended to initiate
domain specific processes based on the obtained computation
results. This phase of development involves implementation of
the aforementioned application, called the MEDICARE.

1) Use Case Models: As a first step towards implementa-
tion, the requirement specification in terms of Unified Model-
ing Language (UML) use cases is analyzed at two levels. In
Figure 2, Level-1 use case of MEDICARE modeling the initial
action available to system Actor, is illustrated. At this level,
usually a very abstract depiction of the system functionality
is modeled. Thus, the only available use case of MEDICARE
at this stage is LOGIN that, as a vital prerequisite to system
access, permits only the authorized actors. Once LOGIN is
performed, the ACITIVITY LOGGING use case is enabled as
labeled on the relationship arrow. The ACTIVITY LOGGING
is responsible for maintaining history of all the activities
performed by an Actor at different stages of the application
usage. This use case is transparent to actors and initiates
automatically after LOGIN.

At a fundamental level, the MEDICARE provides two basic
use cases, SYSTEM SETUP and SYSTEM USAGE, that
covers all remaining aspects of the system. LOGIN being
the core requirement, the two use cases also have a depen-
dency relationship. The SYSTEM SETUP use case provide
functionalities to configure the application environment and
its users. On the contrary, SYSTEM USAGE is the most
comprehensive use case offering MobWS-oriented functions



(a) Sun SPOT Setup (b) Control Panel (c) Service Management

Fig. 1. Screen Shots of the MEDICARE Application
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Fig. 2. Level 1 Use Case Model of MEDICARE Application

which are tightly coupled with computations performed by
the Sun SPOTs deployed within the environment. Therefore,
an obvious implication that the SYSTEM USAGE use case is
only functional subsequent to SYSTEM SETUP, is modeled
as a follows relationship in Figure 2. In the following, detailed
discussion about the two use cases is provided in reference to
their corresponding Level-2 models.

a) SYSTEM SETUP: Basically, the Level-2 model of
SYSTEM SETUP use case enfolds SPOT SETUP and STAFF
SETUP functions as depicted in Figure 3. Compared to the
UML model presented in Figure 2, the Actor in the Level-
2 model is specialized, in context of MEDICARE, enabling
access to Doctors only with administrative rights. The two
configuration functions included within the use case are mu-
tually exclusive in terms of their usage sequence. The SPOT
SETUP is a required function and must be configured for
MEDICARE to be operational. The SPOT SETUP offers a
Graphical User Interface (GUI) to install and uninstall Sun
SPOT nodes based on their Medium Access Control (MAC)
addresses. This enables the MEDICARE application also to
communicate with only the specialized preselected set of
nodes provisioning Doctor specific services. For instance, a
General Physician treating a patient may only want to monitor
the BloodPressure and BodyTemparature MobWSs, whereas a
Cardiac Surgeon, associated with the same patient, constantly
monitors heart condition using the HeartCondition MobWS.
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Fig. 3. Level 2 Use Case Model of SYSTEM SETUP Module

The MEDICARE incorporates support for role-based com-
putations. The current version provides an option to install a
Sun SPOT as a server or root node. In the screenshot shown
in Figure 1(a), enabling the ’Server’ check box installs the
Sun SPOT as a root node. Such nodes are particularly useful
for controlling other nodes in the environment using service
composition or to perform broadcast/multicast operations.
Consider a situation where a Doctor uses large number of
Sun SPOTs to monitor health condition of a patient. Each
SPOT is equipped with several MobWSs performing distinct
computations based on variety of health parameters and sensor
data. In such scenarios, a common operation on the nodes,
for instance stopping all computations on Sun SPOTs, can
be performed by sending a single request to the root SPOT.
Enabling this behavior in the nodes significantly reduces
manual efforts at the Doctors end, such as stopping all nodes
one by one, and in addition optimizes the network traffic
between the MEDICARE server and sensor nodes.

The STAFF SETUP on the other hand offers a relatively
simple control panel to management user accounts. In health
care environment, a single Doctor may have multiple staff
members assisting the treatment of his patients based on the
provided instructions. The STAFF SETUP function enables
defining the role of user account that enables access only to



the corresponding MEDICARE features. The current version
of the prototype assumes two roles, Doctor and Staff Member,
however an extension is easily possible. Contrary to Doctor,
the SYSTEM SETUP use case is inaccessible to user accounts
created as Staff Member unless the administrative rights are
explicitly assigned. This provides a complete MEDICARE
control to the Doctor in terms of which MobWSs the staff
should monitor.

The SYSTEM SETUP, enfolding a required SPOT SETUP
and an optional STAFF SETUP function, is a mandatory
prerequisite to the SYSTEM USAGE use case. Subsequent
to the configuration of MEDICARE, the SYSTEM USAGE
use case is utilized to perform service-oriented operations on
the WSN environment.

b) SYSTEM USAGE: The SYSTEM USAGE is a pri-
mary use case that incorporates MobWS-based interaction
between the MEDICARE and Sun SPOT nodes, consequently
enabling the service-oriented WSN environment. It is apparent
in Figure 4 that the SYSTEM USAGE is accessible to both
the roles, Doctor and Staff Member, of MEDICARE with
an exception of ENABLE ONLINE function available to the
users with administrative rights only. The purpose of ENABLE
ONLINE function is discussed later in this section.
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Fig. 4. Level 2 Use Case Model of SYSTEM USAGE Module

The Level-2 model of the use case illustrated in Figure
4 shows three functions, SERVICE DISCOVERY, SERVICE
MONITOR and SERVICE CONTROL, shared among the two
roles of the system. For either role, SERVICE DISCOVERY is
the inaugural function, which is responsible for transparently
fetching the list of MobWSs from the Sun SPOTs according
to the configurations made within the SYSTEM SETUP use
case. The function is realized as an internal request to invoke
the ServiceList MSW on each installed Sun SPOT node, which
in turn return their lists of provisioned MobWSs. Subsequent
to SERVICE DISCOVERY, the list of Sun SPOTs and their
corresponding MobWSs become available to the Actors as
depicted in Figure 1(b).

The UML model in Figure 4 shows the required dependency
of SYSTEM MONITOR and SYSTEM CONTROL functions
on SERVICE DISCOVERY and SERVICE CREATION. Thus,

a direct implication is apparent that the SELECTION PRO-
CESS function must follow SERVICE DISCOVERY in order
to enable the SERVICE CREATION function. The SELEC-
TION PROCESS is a simple function that allows a system
actor to sequentially choose the listed Sun SPOT nodes and
then its provisioned MobWSs. For each particular service, the
optional upper and lower threshold values can be set in order to
generate alerts and notifications. Consequently, the SERVICE
CREATION function is enabled which is shown as a ’Start’
button in Figure 1(b).

The SERVICE CREATION is specific to MAWs and must
not be confused with the entailed SERVICE INVOCATION
function. The SERVICE CREATION of MAWs incorporates a
facility to schedule the execution time of service thread within
the Sun SPOT while simultaneously creating the thread object
and providing necessary input in advance. In such scenarios,
the service thread remains in a ready state unless the scheduled
time expires. In contrast, the SERVICE INVOCATION func-
tion models the instant in sensor node when the pre-created
service thread starts its actual execution as a consequence
of scheduled time expiration. In case of MSWs, scheduling
the service execution is not possible due to the short-lived
nature. Thus the SERVICE INVOCATION, in this case, is
immediately entailed by SERVICE CREATION function. In
the MEDICARE application, pressing the ’Start’ button sends
a request to the selected Sun SPOT node for its chosen
MobWS. In case of MAWs, the application provides a facility
to schedule the created service thread for invocation at some
later time as shown in Figure 1(b). Providing no time and
date during the process implies immediate MobWS creation
and invocation as a default action. Consequently, the created
service becomes visible, along with its properties, in the list
of active services below (see Figure 1(b)).

At this execution phase, the other two functions, SERVICE
CONTROL and SERVICE MONITOR, of the SYSTEM US-
AGE use case become operational for the Actors. The SER-
VICE CONTROL function mainly focuses on the behavioral
properties of a service, which is depicted by the ’Remove
Service’ and ’Stop All’ buttons in Figure 1(b). Pressing
the ’Remove Service’ button internally dispatches a control
request to the selected Sun SPOT node, which terminates the
service thread by changing its state and releasing any occupied
resources. The ’Stop’ button in the screenshot shown in Figure
1(c) generates the similar request, whereas the ’Pause’ and
’Resume’ focuses on suspending and resuming the service
thread respectively. These control behaviors are modeled as
MANAGE STATE function in UML diagram shown in Figure
4. On the other hand, ’Stop All’, ’Pause All’ and ’Resume
All’ in Figure 1(b) are specially implemented to enable service
composition for performing a common operation on all Sun
SPOT nodes at once. For instance, when the ’OK’ button is
pressed after selecting the desired operation from the given
list, say ’Stop All’, a change state request is dispatched to
the root Sun SPOT that sequentially communicates with all
nodes in the environment and terminates the corresponding
service thread. The service composition strategy, in case



of MEDICARE, is represented by the MANAGE GROUP
function in Figure 4. The messaging constructs exchanged
between the MEDICARE and Sun SPOTs conforms to a
standard specified by the Organization for the Advancement
of Structured Information Standards (OASIS) in [6].

Another way to interact, through MEDICARE, with the
MobWSs provisioned by Sun SPOT nodes is to use the
SERVICE MONITOR function. Contrary to SERVICE CON-
TROL, this function offers the data representation layer that
is used to visually present the computation outcomes of
MobWSs without affecting the service behavior. One example
is presented in Figure 1(c), which periodically visualizes the
real-time results, computed by the Accelerometer MAW after
every 5 seconds. This is modeled as VISUALIZE function in
the UML diagram. The visual monitoring continues to operate
unless a control request is send through the SERVICE CON-
TROL discussed previously, or the corresponding MobWS ter-
minates after completing its tasks. The monitoring of multiple
services is possible through the SWITCH VIEW function that
is implemented as a ’View’ button in the screenshot. The given
list of on-line services facilitates choosing the combination of
desired Sun SPOT and MobWS, and subsequently, pressing
the ’View’ button activates its visual monitoring. Most of
the functionalities in MONITOR SERVICE are implemented
as back-end logic that strictly couples with the computations
obtained from MobWSs. For instance, if the threshold value
is crossed, an alert must be generated that could be in form of
an alarm, a blinking LED or even an SMS or Page message
to the related medical staff. Such operations are transparent to
the Actors and usually do not require any GUI-level feedback.
The architecture of MEDICARE is extensible and supports the
development and integration of alert mechanisms according to
the requirements of application domain.

III. PERFORMANCE EVALUATION

Performance evaluation is a vital technique to analyze the
functional efficiency of a system under variable conditions and
parameters like latency, data volume, memory footprint and
power consumption. Here, the prototype is evaluated in terms
of power consumption of Sun SPOT nodes when equipped
with the MobWS framework.

In the MEDICARE scenario, the integrated framework, with
non-obfuscated size of ≈ 163 KB, supporting MSWs and
MAWs provisioning is deployed on the Sun SPOTs. The
exact physical size of the application cannot be generalized
as it strictly depends upon number and complexity of the
deployed MobWSs. However, in the current evaluation test-
bed, the framework hosted 1 MSW, and 3 MAWs for 3 distinct
integrated sensors. Other than transitioning to IMP and devel-
opment of IEEE 802.15.4 protocol binding as prerequisites,
the framework is not specially optimized for Sun SPOT nodes
in order to study its feasibility for embedded systems and to
reflect true behavior of the devices.

Each Sun SPOT device is equipped with a 3.7V recharge-
able 720mAh lithium-ion prismatic cell [7]. Thus, the state-of-
the-art theory can be used to calculate the power consumption

(P ) using the formula P = I × V , where I is current and V
is supplied voltage. With Sun SPOT devices, current measure-
ments are possible by using the device API that provides useful
libraries, such as IPowerController interface, to access
the hardware peripherals. For the measurement of current
through Sun SPOT API, version 3.0 [8] is used that comes
with the purple release of device firmware.

On the other hand, traditional hardware approach of measur-
ing current is also employed in order to compare the accuracy
of measurements with both methods. In this case, an ammeter
is attached in series to the Sun SPOT main board, called
eSPOT, and battery to obtain the measurements of overall
consumption of current.

The measurements are performed in two distinct execution
phases of the MobWS framework. In the initial phase, the
current was measured during the Mobile Web Server startup.
In this phase, the MobWS framework starts the server exe-
cution thread and registers the deployed MobWS and their
related components without enabling the request listening
capabilities. The measurements obtained in this phase by
hardware and software methods turned out to be 73mA and
75mA respectively.

In the second phase, the current is measured when the
framework activates the IEEE 802.15.4 protocol radio listener
in order to accept any incoming requests for the provisioned
MobWSs. A significant increase in current consumption of
93mA by hardware, and 95mA by software method was
measured.

During the measurement process, the Light Emitting Diodes
(LED) on the device were used to reflect the current execution
phase of the framework. The comparison of measurements
in both the phases is presented in Figure 5(a). A negligible
difference of 2mA in measurements between the two methods
can be observed for each execution phase. Since the Sun
SPOTs battery holds 720mAh of power [7], therefore the
measured values of current can be used to calculate the battery
lifetime of the device with MobWS provisioning capabilities.

In Figure 5(b), the battery lifetime of MobWS equipped
Sun SPOT node is presented for each aforementioned exe-
cution phase. The calculations with hardware and software
measurements show that the device is able to run for ≈ 9.6
to ≈ 9.9 hours respectively in a server startup phase, that is,
with the deactivated IEEE 802.15.4 radio listener. However, in
the execution phase with activated radio listener, the battery
lifetime of Sun SPOT node reduces to ≈ 7.6 hours with
hardware, and ≈ 7.7 hours according to the calculations using
software measurements. Thus, the IEEE 802.15.4 radio listener
of the framework reduces the battery lifetime of a Sun SPOT
node by ≈ 20.83% and ≈ 22.22% according to the respective
hardware and software measurements.

Subsequently, the server startup execution phase was reeval-
uated by switching off the device LEDs using the software
method. The measurement results in this case showed promis-
ing improvements in the current consumption and the overall
battery lifetime of the device. As depicted in Figure 5(c),
the consumption of current with disabled LEDs is reduced
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Fig. 5. Performance Aspects of the MobWSProvisioning Sun SPOTs with

to 59mA, that is, requiring ≈ 19% less charge compared to
devices with enabled LEDs.

Consequently, the reduced current requirements directly
influence the battery lifetime of a MobWS equipped Sun
SPOT node by ≈ 19%. With disabled LEDs, the node is able
to perform continuous MobWS-based executions for ≈ 12.2
hours as shown in Figure 5(d).

IV. CONCLUSION

In this paper, a concept of MobWS-equipped Sun SPOT
nodes is used to derive a health care use case enabling service-
oriented WSN. The Sun SPOT technology is used as an ex-
ample to perform in-network computations fulfilling the health
care requirements. Moreover, a prototypical application called
MEDICARE is presented and comprehensively discussed in
terms of the use case models.

In the final phase, detailed performance evaluation is shown
for the power consumption and battery lifetime of MobWS
provisioning Sun SPOTs. The evaluation methodology em-
ploys the hardware and software measurement methods. It has
been shown that a MobWS-equipped Sun SPOT nodes run for
12.2 hours with disabled LEDs. Moreover, with activated IEEE
802.15.4 radio and enabled LEDs, the device performance
is degraded by ≈ 22.22%, in which the battery lifetime is
calculated to be ≈ 9.9 hours.
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