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Abstract—Even the wireless communication is considered to
offer many advantages, compared to wired communication, there
are still many constraints to pass over. The domain of Wireless
Sensor Networks (WSN) has been researched for many years,
designed, developed and optimized in many directions, but even
so there are just a few real life implementations. One major
obstacle remains the cost of such a network. The cost of a single
node device is considered to be high, which multiplied with the
total number of nodes necessary for a network, results to become
very high.

Since our research project supposes to design and implement
a system for monitoring the indoor ambient conditions using
a WSN, we have decided to construct a specific framework,
including hardware and software, more suitable for our re-
quirements, with minimum cost and having a general format.
The general format will permit us to use the framework, with
none or minimum modifications, for other types of monitoring
applications in the future. On the hardware side the cost has been
minimized by using Seeeduino Stalker v2 platform and XBee
Series 2 module. This paper presents the proposed framework
with its components, offering more details on the most important
of them.

I. INTRODUCTION

Nowadays the monitoring processes have become more and
more important for research activities, but also for real life
applications. With the ability to measure the values of some
parameters at specific moments of time, it exists also the
possibility to control their evolution with the help of special
equipment. Anyway, the first step supposes to be able to
monitor them. It is required that the values of the measured
parameters to be accurate and available at any time for further
analyzes.

One solution supposes to use wired sensors connected to
acquisition boards. The information could be easily read and
sent further to dedicated computers, from the same network
(LAN - Local Area Network) or Internet, for processing and
storage. The main disadvantage of this type of solution is that
there is no mobility and it is complicated to be implemented in
some situations, by example in the buildings already build or
in historical buildings where no degradation to the construction
should be done [1].

The mobility problem had been resolved many years ago
as simple as possible, by replacing wired communication with
wireless communication. The advantage is major but it implies

other constraints to be resolved (e.g. power supply, distance of
communication, latency, data loss and data transfer rate). The
idea is to use wired communication when the mobility is not
important, where it is possible to be implemented and when
the amount of information exchanged during communication
is high, and wireless communication otherwise.

One important domain of technology, dependent on wireless
communication, is represented by Wireless Sensor Networks
(WSN). It is studied by researchers by many years, many pos-
sible solutions have been determined and many optimizations
have been done, but even so there are just a few real life
applications implemented using this type of networks. The
reason for such few implementations is the high price of the
components (network node’s devices), evidently the enormous
total cost of the entire system and the character not quite
general of the devices - not possible to use them without major
modifications for a large variety of applications [2].

An important goal of our current research project is to
design and implement a system for monitoring indoor ambient
conditions, using a wireless sensor network. At the designing
of the system, for both hardware and software, we kept in
mind the idea to minimize as much as possible the total cost
of implementation and to ensure in the same time the general
character of the solution. So, even the solution will be used
initially for indoor monitoring, it has to be possible to use
it, with none or minimum modifications, for other types of
applications in the future.

If we want to have more real life implementations of WSNs
it is important to minimize the costs of the components, to
promote them and to prove that real advantages exist.

The paper is organized in 7 sections. Following the introduc-
tion, Section II presents shortly the domain of Wireless Sensor
Networks, enumerating the main characteristics describing
such type of networks. Sections III offers details about the pro-
posed framework’s architecture. Therefore Section IV presents
the hardware part, pointing more on the WSN’s end device
structure, and Section V describes the software applications
necessary for ensuring the main functionalities. Section VI
proposes a real life implementation of the framework and the
final section presents the conclusions.
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Fig. 1. The tree topology model

II. WIRELESS SENSOR NETWORKS

A Wireless Sensor Network is formed by multiple devices
(nodes) which communicate wirelessly between them. The
topology of the network (the all communication links between
devices) could be established according to the application
needs and is directly dependent on the possibilities offered
by the devices. The most common type of topology is the
tree topology (an example is presented in Fig. 1), where all
the nodes of the network communicate directly or indirectly
with a central node, called coordinator node, sink or even
gateway. Into a WSN could exist only one coordinator node,
with the main goal to initialize the network (establish an
identification number for the network and a communication
channel) and to allow other nodes to connect to it one by
one (attach to the network), creating communication routes
and finally an entire fully functional network. A device could
connect only to another device already attached to the network.
When a device is connecting to the network it receives an
identification number, unique for that network, which permits
to specify properly and without doubts the destination of any
query posted on the network.

The leaf nodes from the tree topology are represented
by the end nodes, which usually are more complex battery-
powered devices, including sensors for monitoring different
parameters and eventually energy harvesting modules. Since
they are battery-powered the energy consumption has to be
limited and low, ensuring in this way a long life of the device
(the maintenance process should be simplified as much as
possible).

The other nodes of the network are represented by the
router nodes. A router node has the role to intermediate the
communication between the other nodes, when the distance
between the nodes which want to communicate is too long
for being able to be do it directly (the power of the signal is
too low) [3], [4].

Since the end nodes are represented by more complex de-
vices, with many constraints imposed, they are more analyzed
into the research studies than the other types of nodes. The
main aspects treated refer to:

− power consumption: the device uses power provided by
a battery with a limited capacity. For ensuring a long life
functional device it is important to ensure very low energy
consumption. The total energy consumption is depended
on the consumption of each component of the device;
some of them consume more and other less. Usually the
radio component is the highest consumer of energy and
for this reason the communication management should be
done properly. Sometimes the sensing module consumes
more energy than the others. Extending the life time of
an end node device could be also done by recharging the
battery using different energy harvesting methods [4], [5].

− radio signal: the radio module’s properties affect the con-
sumption of energy. Depending on the type of application
the developer has to establish the priority of the necessary
characteristics describing the radio communication (e.g.
power consumption at sending/receiving data, sensitivity,
maximum distance of communication, security, protocol).
It is not possible to satisfy all the constraints and an
equilibrium solution has to be found. A very useful
functionality, present at almost all the radio modules, is
the possibility to enter a sleep mode (very low power
consumption), which should be set as long as the radio
module is not used. The maximum current consumption is
during the transmission or reception process, so it is very
important to determine the essential data to be transmitted
during the communication and minimize it as much as
possible.

− latency: the necessary time for the data to get from an end
node to the coordinator node. It depends on the device’s
characteristics, the route used for communication and on
the period of time the device is in sleep mode. Into a
monitoring system, a longer latency is preferable than
data loss [6].

− physical dimensions: the visual aspect of a node is
sometimes important. Since it is possible to deploy the
network’s nodes inside a building, the occupancies should
be low affected by their presence. Also, if the network
devices are attached to persons, by example in health
monitoring systems, they should produce as less discom-
fort as possible.

− modularity: one very important aspect, agreed by many
researchers in the last time. It supposes that each func-
tional part of the device is separated, on distinct electronic
circuits, which could be put together using a plug &
play operation. This possibility permits to easily replace
a broken part or to change the functionality of the device
according to the new application requirements [7]–[13].
Some rules have to be established for ensuring that each
part is compatible and could be connected with the others.
The modular character of a device could be implemented
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Fig. 2. Modular aspect of a network device

in the simplest way by using a stack format, where each
layer is represented by a functional part of the device
(as presented in Fig. 2) [14]. Some problems have been
related about the connections between layers; sometimes
the electrical conductivity between pins is broken and the
device could not work properly. The developer should
take care about these problematic situations.

The node’s hardware could not work properly without a pre-
defined configuration and a software application designed for
controlling device’s functionalities. The software part makes
possible to automatically manage the resources and energy,
resulting in a self-organizing device [5].

The ZigBee protocol, based on IEEE 802.15.4 standard,
has been designed especially for WSNs. It supposes to use a
frequency of 2.4GHz, available at global level, for transmitting
low quantities of information between devices. The interoper-
ability between different manufacturers devices is necessary
and has been proved [1]. A disadvantage of this frequency
is that the signal could be influenced by the present Wi-Fi
networks and it is strong influenced by the concrete walls or
the presence of water into the transmission environment.

A new protocol, which wants to cover the area of WSN, is
DASH7, but unfortunately its specifications are not finalized
yet and no devices supporting this protocol could be found.
The DASH7 supposes to use a lower frequency of 433MHz,
which will permit to the radio signal to penetrate more easily
the concrete walls and even water. In this way it will be
ensured a longer distance of communication and lower power
consumption (according to the specifications). Since it will be
completed, the ZigBee remains the single protocol available
and dedicated for WSN [15].

III. THE FRAMEWORK’S ARCHITECTURE

Starting from our research project’s requirements and based
on the previous experience with similar types of monitoring
systems, it was easily to design the architecture of the new
system (framework), for monitoring the indoor ambient con-
ditions. Even so, for defining the smallest details of each part
of the system was a little bit more complicated and lot of
research work had to be done. The architecture, including
the main components and the connections between them, is

presented in Fig. 3. We followed the idea, presented and
before, that the system had to have a general structure, to
be easily implementable, easily reconfigurable for new types
of applications and the cost of the hardware part to be as low
as possible. The software part had to be developed by us.

There are 2 main sections of the system:
− the data acquisition;
− the data storage and distribution [12].
The data acquisition section is dedicated for collecting

useful information from the sensors, which are attached to the
end nodes of the WSN, and prepare the information for being
stored into the system’s database. Archiving the information is
essential if we want to ensure minimum energy consumption
inside the WSN [4], [6], [16]. Also the security of the wireless
communication had to be guaranteed. On the other side, this
section had to ensure the management of all components and
it offers to an administrator user the possibility to configure
it, using a dedicated software application, according to the
requirements.

Into the Fig. 3, the acquisition section is represented by
multiple wireless sensor networks, each of them supervised
by a Driver computer and an associated Driver application.
The coordinator node of each network is wire connected
to the Driver computer, using even a serial (RS232) or an
USB port. The connection offers and the necessary energy
for powering the node. On the end nodes there are installed
dedicated software applications (firmware and bootloader),
which implement the node’s management and permit to gather
information from the sensors and send it to the coordinator
node. The coordinator node just sends automatically the infor-
mation received to the Driver computer where the application
interprets it and send it further to the Server computer for
being analyzed and stored into the database.

The data storage and distribution section is represented
mainly by a powerful Server computer, where it is installed
the database management system (Data Center). For better
performances other configuration server-database are also pos-
sible, but they will increase the total cost of the system.
On the Server computer a software application is installed,
which permits to take the information received from the Driver
applications and store it into the database and also retrieve
information from database, process it, and send it to the Driver
and Client applications when it is requested.

The Client application, developed in different versions for
different types of devices (e.g. PC, Smartphone), allows the
users to process and view the recorded information, displayed
in text or graphically format.

IV. HARDWARE

After the main architecture had been established we had
to decide the type and characteristics of each component from
the system. More difficult was to choose the type of network’s
devices. The properties differ from one device to another and
we had to select the best one, suitable for our needs. So,
a preliminary step of our research work was to determine
the best suitable device for implementing the wireless sensor
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Fig. 3. The framework’s architecture

network, ensuring the following aspects: low cost, low energy
consumption, modularity and general format.

A. The end node

The end node is the most important and complex component
of a WSN. Its structure usually includes: a processing unit
(with memory for storing applications and data), a wireless
communication unit, a power supply unit (battery, rechargeable
if energy harvesting is possible) and a sensing/acting unit [4],
[5], [8], [17], [18].

Since it is a battery-powered device one of the most
important constraints refers to the energy consumption. The
energy consumption of all components should me minimum
possible, for ensuring a long life functional device. In some
applications could be difficult or even impossible to replace
or recharge the battery when it is depleted.

Before designing the WSN we have studied many types of
existent commercial network nodes. Many of them have been
developed for learning purposes (testing) and others for being
used in real life applications, allowing connecting sensors with
different communication protocols. All of them are considered
to be expensive since the price of the basic device is more
than 100 $. Even there are types which offer many advantages
comparing with the others they still remain expensive [19].

TABLE I
COST OF THE NODE’S COMPONENTS AND TOTAL COST

Component Price
Seeeduino Stalker v2.1 27.50 $
XBee 2mW wire antenna - Series 2 ZB 23.35 $
Lithium Ion polymer battery - 1A 6.50 $
TOTAL: 57.35 $

After the initial research study we have started to construct
a network node by our own, from the scratch, and made some
tests with low energy consumption PIC microcontrollers and
Microchip Zigbee modules. The work was complex, requiring
lot of time for designing, developing and testing, and because
of the lack of necessary time we quickly decided to choose
another way. Since we get used before with modules like
Arduino, easy to use for many applications, we decided to
redirect our work in that direction. Arduino platforms could
be easily programmed and offers sufficient connections for
attaching other external modules. After more tests and research
work we finally found a better approach: Seeeduino Stalker
v2, a derived platform from Arduino with lots of additional
functionalities necessary for implementing our network and
other standalone applications. Combining a Seeeduino Stalker
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Fig. 4. Seeeduino Stalker v2.1

board with an XBee module and a battery we obtain a low
price end node. The cost of the components and the total
cost are specified in table I. It could be observed that the
cost is much lower than the cost of other types of similar
devices. Even more, it is available a dedicated enclosure for
Seeeduino board which helps to protect the electrical circuits
of environment conditions [19].

B. Seeeduino Stalker v2 - main board

The Seeeduino Stalker v2 board has been designed espe-
cially for WSNs, implementing the most important function-
alities necessary for such type of network’s devices (Fig. 4).
The main advantages are that it is Arduino compatible, making
it very easy to be programmed, incorporates a dedicated socket
for a XBee module, necessary for radio communication, and a
RTC (Real Time Clock) component for storing date and time
value. To know the exact date and time of a measurement
is very important for any monitoring process. The extension
shields could be attached as simple as it is for Arduino
boards. It also includes a socket for connecting a power supply
(battery) and a socket for connecting a solar panel, useful for
charging the battery in proper environment conditions.

C. XBee Series 2 - radio module

The XBee modules are electronic devices dedicated for
radio (wireless) communication. The Series 2 of XBee sup-
ports ZigBee protocol, allowing implementing, with minimum
required configuration, complex mesh networks. The compact
format and the standard socket of the module permit to easily
integrate them on different platforms or replace them when
it is necessary (with the same type of module or other types
- e.g. WiFiBee, BluetoothBee, RFBee). The communication
between the XBee module and the main platform, at which it
is attached, is done using a serial type protocol (RS232): one
RX-receive line and one TX-transmit line [3].

These devices support 2 possibilities of wireless commu-
nication, both of them having advantages and disadvantages.
The first possibility is AT (transparent operation), when all
information received on serial port is send further converted
into radio signal without modifications or verifications of
the information. In the same way the information received
wirelessly is send further to the serial port. This format is
easy to be used for configuring the XBee devices and for

Fig. 5. XBee Series 2 module with wire antenna

simple information exchange. When the information is more
complex and it is necessary to verify and parse it correctly,
the API mode (the second possibility of communication) is
recommended. In API mode the information is packed in
standard telegram formats. In this case it is necessary to have
dedicated functions (software implementation) for pack and
unpack of the telegrams, with all the necessary verifications.

The XBee Series 2 modules are available in different
configurations. A common type, useful for the most indoor
monitoring applications, uses a wired antenna and has 2mW
radio power (Fig. 5). The current consumption at transmitting
and receiving operations is about 40mA, not small enough for
a battery-powered device, and for this reason it is important
to use the radio communication only when it is absolutely
necessary and send only the important information. It is
essential to put the module in sleep mode, when it is not
used, for lowest power consumption. The -96 dBm sensitivity
of the module permits to receive information from about 40
meters, according to the specifications. The real life tests
proved that the distance is shorter, of about 20 meters or even
less, according to the indoor space configuration (e.g. walls
and furniture material and position) [20], [21].

Compared with other similar wireless modules of WSN
nodes (e.g. Mica, Telos, BTnode, SNoW, Eco, iMote, Tyndall)
the current consumption could be considered as average [1],
[9], [10], [18], [22], [23]. Anyway, the current consumption is
directly related to the power of the radio signal and covered
area, and it could be influenced by the implementation mode
of the communication management.

Since the nodes of a WSN are placed in different locations,
more or less accessible, it is very important to have the
possibility of wireless programming of the Seeeduino Stalker
platform [2], [17]. The firmware application of the platform
usually requires modifications for bug corrections or optimiza-
tions. The wireless programming would be simple if the XBee
module is in AT mode, but since we establish to use the
API mode the procedure will become more complex and will
require to do some modifications to the Seeeduino bootloader
application. One step of our work, not yet started but which
will have to be done soon, is to modify the bootloader for being
able to parse the XBee API telegrams from which’s content
it will take and reconstruct the new firmware application. No
such modification to the bootloader has been found to be done
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Fig. 6. Extension shield pins configuration

until now. In this way it will be possible to send the new
firmware application from the Driver computer, connected to
the coordinator node of the network, and overwrite the existing
firmware of any end node from the network.

There are 2 important pins at the XBee module, which have
to be used at hardware connection with the main board: one
digital output for detecting if the module is in sleep mode and
one digital input which permits to wake up the module, when
it is necessary to receive or send telegrams.

D. The extension shield for end nodes

The end node’s platform, created with Seeeduino Stalker
and XBee modules, is fully functional, but it doesn’t allows,
at this stage, to interact with the exterior environment for
collecting information or action other equipment. For being
able to do this it is necessary to add specialized extension
shields to the Seeeduino main board.

To ensure the general character of the solution it was
decided that the extension shields should have also a general
format. It has been defined a base format of the shield which
implements all mandatory functionalities and the extensions
pins have been assigned accordingly. As it is also presented
in Fig. 6 there are pins associated for serial communication
with XBee module, pins for controlling and powering the
microSD card, pin to control the power on the XBee mod-
ule, pins for identifying the extension shield type and pins
for controlling and monitoring the XBee sleep mode status.
Remains unassociated 3 pins which could be used as digital
inputs/outputs (2, 6 and 7), 4 pins for analog inputs (A0,
A1, A2 and A3) and pins for I2C (Inter-Integrated Circuit)
communication (SCL and SDA). Not too many, but enough
to be used for other purposes. Starting from the base format
the developer could complete it with sensors and actuators
according to the application requirements.

As mandatory functionalities of the shield we could enumer-
ate: the possibility to measure the total current consumption of
the shield, the possibility to interact with the XBee module for

Fig. 7. Seeeduino Stalker v2 with SHT11 shield attached

verifying its assignment to the network or simulate different
operations for XBee module debug.

The reserved pins for identification of the shield type are
used as digital inputs, the firmware application of the end
node being able to read their status and determine in this way
the shield’s type. Physically, these pins are connected to the
ground signal (digital value 0) or to the power signal (digital
value 1) of the main board. It is very important to be able
to identify automatically from the software the type of shield
attached. In this way it is not necessary to modify the firmware
application for each separate case, but develop it in such a
way to permit the node to self-identify and self-organize itself.
Since we have 3 pins reserved for this task there could be 7
types of distinct shields recognizable by the application. When
all digital inputs for these pins are low (0 value) it means that
no shield is attached to the main board [12].

Until now we have been designed and developed 3 types
of extension shield, necessary for our research work and for
future implementations of the system:
− SHT11/SHT71 shield: it allows monitoring the environ-

ment temperature, relative humidity and dew point. It
is presented in Fig. 7 attached to the Seeeduino Stalker
board.

− thermistor shield: it was designed for monitoring the
temperature on different types of surfaces.

− actuators shield: it includes 2 relays which could be used
to control on/off the power of different external electrical
equipment.

The developer should take care of the electrical connections
between the main board and the shields attached, since it is
possible to appear breaks of the connections. One solution is to
solder them together, but this operation will affect the modular
aspect of the device and easy maintenance [6].

The cost of an extension shield depends mainly on the
price of the sensors integrated. Usually the price of a sensor
increases while its performance and accuracy increase. They
should be selected with care, to ensure in the same time
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minimum current consumption, best accuracy and low cost
[6].

As future optimization of the energy consumption we will
consider the possibility to turn on and off the power provided
to the extension shield [13]. By instance, for a shield with
sensors, it could be powered on before reading the information
from the sensors and powered back off after the reading ended.
We studied this problem and before but we didn’t found a
proper solution, which to keep unaffected the 3.3V voltage
provided by the main board. Recently we determined that one
possible solution, which has to be more analyzed, is to use
the power provided by a digital output pin. From Seeeduino
specifications the micro-controller could provide maximum 40
mA on a digital output. The sensors consumption should not
exceed this value if we want to have a functional and safety
solution.

E. The router node

A router node has a structure similar to the end node device,
except the fact that it doesn’t include a shield attached and the
energy is provided from a voltage transformer. A router node
should be functional all the time for routing the packages in
the network. This means higher power consumption. A battery
will not be a workable solution for powering the device.

F. The coordinator node

The coordinator node, proposed to be used in the frame-
work, is built very simple using a XBee Series 2 module and
a UartSBee v3.1 adapter. The UartSBee adapter transforms
the serial communication of the XBee module in USB com-
munication and vice versa. The USB (Universal Serial Bus) is
the standard protocol nowadays when it is required to connect
a peripheral device to a PC [22]. Anyway, in this case, on
the computer, the USB connection is visible as a virtual serial
port.

The XBee module, associated to this node, is configured
in API mode and it intermediates the communication in 2
ways: the information (packed in telegrams) received from
the end nodes is send directly to the Driver computer and the
information received from the Driver computer is send directly
to the corresponding end node (the destination node’s address
is determined from the telegram content).

The coordinator doesn’t need to include any processing unit
since all necessary functionalities are ensured by the XBee
module.

V. SOFTWARE

The hardware part of a system would be nothing without a
proper configuration and software applications which to ensure
its correct functionality. Inside our system there are required 4
software applications: firmware for the end nodes, the Server
application, the Driver application and the Client application.

A. Software - the firmware application for end nodes

As we already mentioned before, on the Seeeduino Stalker
board are installed 2 software applications: one bootloader ap-
plication which is automatically executed at the initialization

of the board, after power on, and one firmware application
which is executed after bootloader ends its execution. The
firmware application has the role to ensure all the functional-
ities necessary for the device: initialize the extension pins, set
output signals (digital), get input signals (analog and digital),
get/set date and time, read from or write on SD card (long
term storage), pack and unpack the telegrams exchanged on
the wireless communication, etc.

Since the useful information is complex (representing the
values recorded from the sensors), it is formatted according
to specific rules established at the design stage. For wireless
communication, at the sender, the information is packed in
specific telegrams, according to the API rules of the XBee
module. At the destination point the telegram is unpacked
using the same rules and the useful information could be
extracted.

At this developing stage the quantity of information trans-
mitted is not large but telegrams are sent often. The radio
module is used maybe too much, increasing the energy con-
sumption of the node. Future optimizations should consider to
send the information only when a specific amount of it has
been gathered and a compression algorithm to be applied, as
the one presented by [16], very simple and with a very good
compression ratio (compared with S-LZW, gzip and bzip2
algorithms). This case scenario is possible when the latency is
considered to be of lower importance (e.g. it is not necessary
to view instant values of the monitored parameters). Applying
a compression algorithm is useful when the energy consumed
for compression is less than the saved energy from wireless
communication [6], [16].

Even the traditional wired networks are based on a request-
response mechanism (client-server model), inside the WSNs,
the information should be sent usually when proper events are
raised, for reducing the energy consumption [5].

The firmware application contains some main steps:
− detection of the extension shield attached and initializa-

tion of all inputs and outputs accordingly;
− initialization of the wireless communication (XBee mod-

ule). Then the XBee module is waked from time to time
to verify if there are telegrams to be received and when
the module has to send a telegram to the coordinator
node.

− respond to all requests received from the Driver applica-
tion (e.g. requests for date and time value, battery voltage,
type of shield attached, monitoring status).

− if the date and time value is not synchronized a request
is send to the Driver application for receiving the proper
value for date and time. It is considered that on the
Driver computer these values are set correctly. On a PC
is simpler to do the synchronization of date and time.

− if the configuration of the extension shield is not synchro-
nized it is also requested from the Driver application;

− send at specified periods of time the monitored parame-
ters values.

The monitoring thread is dependent on the extension shield
attached and it is very important that the node to respond as
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Fig. 8. Firmware application flowchart

quickly as possible to the requests received from the Driver
application, for not permitting the data lost.

B. Software - Server application

The Server application is the central component of the
software section. It has been developed as a Windows service
since no interface with the user is necessary and since it has to
run continuously, as long as the computer on which is installed
is started. The application creates the link between the other
applications from the system and the database, having role
for storing properly the information received and process it
according to the requests. The communication with the Driver
and Client applications is done using the TCP-IP protocol. For
each type of application a dedicated socket is assigned and
a typical procedure request-response is implemented. Since
multiple instances of the applications could connect in the
same time to the Server it is important that all of them to
have access to the information as quick as possible. To each
socket is associated one listening thread which always waits
for connections and process the requests received. Anyway,
the thread for the Driver applications has higher priority, since
the requests will come continuously, as long as the monitoring
process is started. Fig. 9 contains a graphical representation
of the Server application structure.

For simplifying the exchange of information between the
applications and ensure the integrity of the data, a software
library has been developed. Inside the library there are de-

Fig. 9. Server application flowchart

fined the common objects structures, used by all applications,
together with the necessary processing methods.

C. Software - Driver application

The Driver application is the most complex of all software
applications from the system. It includes all the necessary
functionalities to communicate with the WSN’s nodes and
the ability to configure the network nodes independently.
At a time, with an instance of the Driver application, it is
possible to monitor only a single WSN. Since the WSN will be
connected to a USB port of the computer it is considered that
a dedicated computer will be reserved only for this purpose
(Driver computer). Only an administration user, who knows
all the possibilities of the application and what happen at each
modification, should have access to the application.

Since it is possible to have different WSNs connected to
the same Driver computer, it is important to have also the
possibility to work with all of them. Also, because there is
only a Server computer and a single database for storing the
information about all WSNs, the Driver application should
know which WSN is associated to it. For this reason the first
module of the application permits to manage a list of projects.
To each project it is associated a single WSN. In this way the
user will have the possibility to work with the same Driver
application and view different WSN’s configurations, but only
one at a time. Fig. 10 presents a screenshot of the main form
of the application, after a project has been opened.

Inside a project the user has the possibility to:
− update the properties of the project;
− configure the serial port (virtual port associated to the

USB connection) used for communication with the coor-
dinator node (the main node of the WSN);

− start and stop the serial port communication;
− execute a wizard operation for identifying the network’s

nodes and the network configuration. For each node it
will be displayed, into a list control on the main form,
the common information related to: node type, 64bits
address of the node (globally unique), 16bits address
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Fig. 10. Driver application screenshot

(unique only into a network), 16bits parent address, node
identifier, firmware and hardware version. The network
configuration is defined by a 64 bits PAN ID (PAN
- Personal Area Network), a 16 bits PAN ID and an
operating channel (channel used on the 2.4GHz frequency
for radio communication).

− verify the network configuration and update it if is
necessary. The verification will be done by comparing
the actual values stored into the database with the real
value saved on the WSN’s nodes.

− verify the coordinator node’s main configuration, display
more details about the configuration, modify the node
identifier, monitor the radio signal strength and send a
software reset command to the XBee module associated
to the node. The radio signal strength is a value referring
to the signal power of the last telegram received by the
node. The monitoring functionality permits to analyze
the distribution of the radio signal across the monitored
space.

− verify a router node’s main configuration, display more
details about the configuration, modify the node identifier
and send a software reset command to the XBee module
associated to the node.

− verify the end node’s main configuration, display more
details about the configuration, modify the node identifier,
monitor the radio signal strength, send a software reset
command to the XBee module associated to the node,
send a reset command to the processing unit of the node,
retrieve the battery voltage, retrieve the attached shield
type and get/set monitoring process status. For the end
node more functionalities will be implemented in the

near future, for being able to modify the monitoring
configuration and retrieve the measurements from the
sensors.

− display, in dedicated windows, log messages about the
status of the Driver application execution, logs about the
operations with the Server application and logs about
the telegrams generated into the WSN. The user has
the possibility to view all details about the telegrams
transmitted inside the WSN. Even more, the user could
send manually, different types of the API telegrams to
the network’s nodes.

− create the structure of the monitored space (e.g. buildings,
levels, rooms) and associate the nodes to rooms. In this
way it is possible to know the exact location of each node.

The functionalities specified are available in this version of
the Driver application. The future development will add more
functionalities or even modify the existing ones, for better
performances and usability.

The Driver application has been designed for allowing the
user to do more deep research over the system, by analyzing
it from different points of view.

D. Software - Client application

The Client application is the last application of the sys-
tem scheduled for development. The requirements for it are
known but it is still under designing process. Even it is more
dependent on the monitored parameters we try to give it a
general format. Since we want to execute it on different types
of devices (e.g. PC, Smartphone), it has to be developed in
compatible versions.

The main functionalities of the application would be: server
connections management, users management (for accessing
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the application functionalities the users will have to be au-
thenticated using a username and a password), possibility
to view the WSN configuration (global and for each node
independently, but without the possibility to modify it) and the
possibility to view, in different formats, the values evolution
of a set of parameters for a specific period of time.

VI. LARGE SCALE IMPLEMENTATION

In the near future we plan to test the proposed framework
with a larger WSN of approximately 80 nodes - a system
dedicated for monitoring the indoor ambient conditions (tem-
perature, relative humidity and dew point) inside different
spaces from the buildings of the University’s new Institute.
The necessary components for the network nodes have been
already achieved, we have just to assemble them together,
configure them and test the obtained system. In the same
time the development of the Driver application will continue
by adding new useful functionalities. The complexity of the
implemented network will allow us to determine more easily
the performances of the framework and optimize it where it
is necessary and also possible.

VII. CONCLUSION

Even if we started from the idea that we had to implement
a system for monitoring of the indoor ambient conditions,
utilizing a WSN (Wireless Sensor Network), the solution
(framework) proposed has been designed into a general format.
In this way it is possible to implement it easily in many
types of research and real life applications. The existence
of such a few implementations of the WSNs into real life
applications is mainly because of the high cost of the devices.
At designing stage of the solution we tried to ensure low cost,
low energy consumption, modularity of the devices and easy
maintenance. The new end device is built based on Seeeduino
Stalker v2 platform and XBee Series 2 radio module. Since
the framework is more affordable than other solutions we hope
that it would increase the interest of using WSNs for different
monitoring processes.

A larger scale WSN, under development according to the
proposed framework, will permit us to obtain more results
related to its performances, would be more easily to determine
where optimizations have to be done or new functionalities to
be added.
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