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ABSTRACT 

Wireless sensor networks (WSNs) are fast evolving technology for collecting data in real time. Every wireless sensor 
network (WSN) is consisted of technical and software components which have to refer to the selected application. The 
paper focuses on the selection of WSN components. The WSN will be situated in the center of Olomouc City (OWSN). 
It will focus on measurements of harmful air pollutants and selected basic meteorological elements. The criteria for se- 
lection of WSN components including the most important parameters will be chosen and the final evaluation of the op- 
tion utility will be made on the basis of multicriteria decision making process. 
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1. Introduction 

WSNs are new fast evolving technology that has been 
successfully applied to the monitoring of selected phe- 
nomena in the wide range of fields trespassing to the so- 
cioeconomic and environmental domain. The WSNs in 
socioeconomic area are used for monitoring health state, 
park places, cars, energy in buildings and logistics. In the 
environmental direction they are used for detection of 
landslides, forest fires, air pollutants, volcanic activity, 
water quality, biodiversity, microclimate or irrigation plan- 
ing [1-3]. 

The authors designed the WSN which will be situated 
in the centre of Olomouc city. This WSN will be used for 
monitoring air pollutants and selecting basic meteoro- 
logical elements which influence concentration and dis- 
persion of air pollutants. 

The aim of this paper is to determine criteria for node 
(motherboard), sensor boards/sensors and gateway selec- 
tion of the designed WSN. Technical components, their 
parts and software are evaluated on the basis of criteria 
which are defined for nodes (with included demands on 
the sensor boards/sensors) and gateway. Demands on so- 
ftware were included in the criteria for the selection of 

hardware components. 
Every criterion has its own importance. The criteria for 

nodes are divided into eight groups which are rated ac- 
cording to their importance. The criteria for selection of 
gateway are divided into seven groups. Every group of 
criteria for nodes and gateways includes particular crite- 
ria. The ideal parameter for every criterion of Olomouc 
WSN (OWSN) is suggested. The ideal parameters of 
chosen criteria should be fulfilled in the case of the ideal 
option. 

Manufacturers of WSN components and their products 
were searched. Every searched product (option) had to 
have fulfilled parameters related to the chosen criteria. 
Due to this step all options with their parameters were 
comparable because they could be evaluated on the basis 
of the same criteria with fulfilled parameters. Every cri- 
terion was evaluated by its importance in the selecting 
process. Finally, the weight computation and subsequent 
analysis were provided and the most suitable option was 
selected. 

2. Wireless Sensor Network Components 

Every WSN consists of two major groups of compo- 



V. HEJLOVÁ, V. VOŽENÍLEK 230 

nents—hardware (technical platform) and software. 
The technical platform of the WSN is defined by no- 

des (motherboard) and gateway (base station). Every 
node consists of several parts: microprocessor, battery, 
communication unit, memory, built-in sensors and inter- 
face for connecting sensor boards/sensors [4]. Figure 1 
shows the technical parts of the node. The sensors bo- 
ards/sensors can be connected to the node [5]. Some no- 
des gather data from the other nodes and send them to the 
gateway. These nodes are called routers. The electroma- 
gnetic radio waves are used for the communication 
among nodes and between nodes and gateway. In recent 
research a vast number of WSN communication proto- 
cols operating in radio frequency has been developed [3]. 
Data are stored in the gateway or sent to the server for 
the long time storage. The nodes placed into the outdoor 
conditions have to have an ingress protection which pro- 
tects the hardware components against the external in- 
fluences [5]. 

Software of nodes controls hardware component, man- 
ages system resources and allows the use of applications 
[6]. 

Teams of experts deal with the application of the 
WSNs all around the world. WSNs for monitoring of har- 
mful air pollutants have been tested and applied in Spain, 
Great Britain and Serbia. The new WSN is planned to be 
built in the Netherlands, Assen City. This technology has 
been mostly applied (except for Europe) in the USA, Tai- 
wan, China and India. 

The WSN for monitoring of air quality in Salamaca, 
Spain, is good example of effective network. It was built 
in the cooperation with CARTIF, European BIC Network, 
Salamanca City Hall and Research Advisory Group P&G. 
This WSN is built on the components produced by the 
Spanish Company Libelium. Every node includes sensors 
for measuring temperature, relative humidity, NO2, O3, 
CO, PM and noise level. Data are sent to the gateway  

 

 

Figure 1. Technical parts of the wireless sensor node. 

from which they are resent to the server for long time 
storage. Nodes can react to overstepping of the allowed 
limits which are set for every measured element. If the 
limit is exceeded, the emergency message is sent to the 
gateway and the warning is issued. This WSN was cre- 
ated in 2011 within the RESCATAME project using ca- 
pabilities of the Spanish producer [7,8]. 

The specially developed nodes for monitoring of air 
pollution were used in London in 2007. The sensors for 
monitoring SO2, NO, NO2, O3, NH3 and benzene were 
connected to the nodes [9]. The prototype of the WSN 
which used GUSTO nodes was tested in the Cambridge 
University Campus in 2008. The nodes carried the sen- 
sors for monitoring CO, CO2, NO2 and GPS receiver. 
Data were sent from the nodes to the central storage 
through the mobile network [10,11]. 

In Serbia there are also used nodes with sensors pro- 
duced by Libelium. The nodes are situated on the moving 
buses so that the movement of the bus can be traced. The 
information about position of buses can be displayed in a 
mobile application [12]. 

The great emphasis is placed on the usage of WSNs 
for monitoring of air pollutants in Taiwan. The nodes, 
called OCTOPUS II, were developed in cooperation be- 
tween government and universities. These nodes were 
equipped with sensors produced by e2v for CO measure- 
ing [11]. 

The high attention for using WSNs has been focused 
in Indian and Chinese towns. The increasing number of 
cars causes more harmful pollutants in the air. In Indian Hy- 
derabad City there are used the nodes and sensors pro- 
duced by Libelium [13]. The motherboards Mica2 which 
are produced by Crossbow Company are used for moni- 
toring in Nagpur City, India. The sensors were specially 
developed for this application [14]. The University in 
Cinncinati is oriented on the monitoring of air pollut- 
ants using the MICAz nodes which are produced by 
Crossbow Company. They use the sensors of KWJ En- 
gineering [15]. 

In above-mentioned studies there was given only one 
reason for the selection of components. This reason po- 
inted to the type of application of the WSN and the com- 
patibility of sensors measuring air pollutants and the mo- 
therboard. The greatest attention in the process of wire- 
less sensor components selection is aimed at nodes. If the 
commercially offered options did not meet requirements 
for the application, the nodes were developed as a part of 
project as in the case of London wireless sensor network 
[10,11]. 

3. The Selection of WSN Components 

The selection of the WSN components is very important 
because it is a crucial decision. On its basis the meas- 
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urements of harmful air pollutants in the urban environ- 
ment will be performed. Pre-selection steps involve: 
 determination of the purpose of building 
 determination of the number of nodes 
 choosing the localization of the nodes 
 searching for the producers (analyzing commercially 

offered components and comparing their functional- 
ity) 

 defining the criteria for the evaluation of selected 
options 

 defining the ideal option 
 comparing criteria parameters of offered options to 

the ideal (suggested) one (intended configuration) 

4. Criteria for the Wireless Sensor Network 
Selection 

Criteria were formulated according to the aim and pur- 
pose of the Olomouc WSN (OWSN). Suitably selected 
criteria serve as a basis for the determination of the fitted 
option with using the multicriteria analysis decision 
making process. This method is used for the selection of 
the most suitable product (option) from the possible solu- 
tions [16,17]. 

A criterion in a decision making process is called the 
scale and it is used for the comparison of the chosen op- 
tion parameters. Every option should have fulfilled the 
criteria parameters. Criteria have to cover the most suit- 
able parameters which have to be completed so that hard 
expressible criteria can be selected. The importance of 
every criterion which is a basis for the determination of 
its weight have to be indetified. The weight shows the 
importance of the selected criteria in the decision making 
process and it is written as a positive real number [16,18]. 
There is always an uncertainty in the process of deter- 
mination of criteria [19]. 

The weights of criteria were determined by two meth- 
ods: The Order and The Compensation Method. Weights 
of every criterion determined by these methods were 
compared. The method which was selected for the de- 
termination of the final result is called The Weighted 
Sum Method. The selected method is ordered to the 
group of methods based on the weighted average of 
evaluation. The final result was computed with The Ag- 
gregated Utility Function which is one type of the ad- 
vanced computational algorithms [16,18]. The weights 
computed by The Order and The Compensation Methods 
were used to the computation which determines the order 
of options. 

Factors like node size, price and energy consumption 
play the most important role in the selection of the WSN 
nodes. According to [20] “the nodes could be in some 
cases smaller than 1 cm3, with the weight lower than 100 
g, cheaper than 1 USD and the energy consumption 

lower than 100 μW.” Sensor boards/sensors have to 
complete the requirements for the wireless sensor appli-
cation and to measure elements which are suitable for the 
chosen task. The gateway has to be flexible, with a large 
memory size and it has to have a large communication 
range with the possibility of connecting through ethernet 
to the server. 

The computation of the best option was made for 
nodes. The requirements for software and the sensor 
boards/sensors were added to the ones which are related 
to the nodes. It is presumed that the other WSN compo- 
nents will be provided by the same company like the 
selected nodes. If the result will not be unambiguously 
the analysis of the other components and companies will 
be provided. The most suitable commercially offered 
option will be applied for the monitoring in Olomouc City. 

4.1. Criteria for Nodes Selection 

The nodes are the basic building unit of the WSN so that 
the majority of requirements are related to this kind of 
hardware component. Eight groups of criteria for nodes 
were defined and they can be seen in Table 1. These 
groups were thematically divided. The importance of 
each criterion was specified on the basis of defined pa- 
rameters for the ideal option and the following consulta- 
tion with experts. 

The first group of criteria deals with the offered sen- 
sor boards/sensors because the sensors for the measure- 
ment of harmful air pollutants have to be connected to 
the motherboard. The first criterion of this group relates 
to the possibilities of connecting sensors which measure 
elements fulfilling the purpose of the application. It is 
evaluated if the sensors are produced by the same pro- 
ducer, like the motherboard, or if they have to be bought 
from another producer. The count of sensors connected 
to the motherboard shows the maximum amount of ob- 
served elements. Sensor measurement interval differs 
from elements because some of them change more 
quickly than the others. Calibration of sensors is very 
important because it is made in the laboratory conditions 
with the knowledge of calibration curves so that it should 
be provided by the producer of sensors. Sensors can be 
built in the motherboard. These sensors are not suitable 
for external monitoring because they are covered in the 
enclosure and they measure inside nodes parameters. 

The second group of criteria is called communication 
models. The first and the most important criterion from 
this group is that nodes have to communicate not only 
with the gateway (or server) but with one another. Nodes 
sending data directly to the gateway or sever do not ful- 
fill all requirements for the WSN. Their configuration 
can be considered to the star topology with the long dis- 
tance data transmission. In the most of cases they       
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Table 1. Criteria for nodes selection. 

Criteria Group Number Criteria Group Criteria for Nodes Selection 

1 Sensor boards/sensors  

  sensor board for monitoring of air pollutants from the same producer 

  possibilities for connecting sensors for monitoring of pollutants 

  count of connected sensor boards/sensors 

  sensor measurement interval [min] 

  calibration 

  built-in sensors 

2 Communication models  

  communication among nodes 

  communication possibilities 

  communication range [m] 

  topology 

3 Energy sources  

  energy source 

  battery life [year] 

  energy consumption 

4 Environmental resistance  

  storage temperature [˚C] 

  protection 

5 Technical aspects  

  programming skills 

  software 

  memory size [KB] 

  I/O 

6 Expansion options  

  flexibility 

  sensor boards/sensors change 

  GPS 

7 Physical parameters  

  size [mm] 

  weight [g] 

8 Price  

  price for one node [€] 

 
communicate through mobile or internet network. If the 
protocols with the shorter range are used, then all nodes 
have to be placed in a short distance from the gateway 
[21]. The communication among the nodes can be per- 
formed on short or long distances depending on the used 
protocol. The nodes which send data through the other 
nodes are called routers. The communication between 
nodes and gateway uses the same protocol as the com- 
munication among nodes. All measured data are gathered 
in the gateway and sent to the server. This type of com- 
munication can be performed for short or long distances. 
The most common and the safest communication be- 
tween gateway and server is performed using ethernet. 
The selected type of the communication deals with the 
communication range which shows the maximal range 

for data sending. Topology is the last criterion in this 
group. Two most commonly used types of topology are 
tree and mesh topology. 

Energy sources are included in the third group of cri- 
teria. The most important criterion in this group deals 
with the possibilities of energy sources. There are a lot of 
ways how to charge the nodes. The first type of charging 
is by the various types of batteries, the second one by 
electricity network and the third one by USB or some 
other computer compatible connector. The power options 
are limited in the environmental conditions. The most 
commonly used form of charging includes batteries. The 
battery life depends on the energy consumption which 
depends on the selected mode and its occupancy. The 
major influence on the battery life has the fact if the node 
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is the router or not. It is important to know if there is a 
possibility of charging battery by solar panel. Due to the 
solar panel battery of the nodes is continuously charged. 

The fourth group of the criteria is oriented on the 
availability of nodes to resist the environmental influ- 
ences such as rain, dust, temperature extremes etc. The 
storage temperature and the protection of nodes belong to 
these demands. It is necessary to obtain data during the 
whole year in all kinds of weather conditions. The exter- 
nal influences depend on the part of the world where the 
nodes are installed. The protection from the effects of the 
outer environment is made by the enclosure which must 
not have an influence on the measured values but it has 
to protect the hardware of the node. 

The fifth group is based on the technical aspects of 
the WSN. The first criterion in this group is called the 
level of programming skills. This level can be low, mid- 
dle or high. It depends on the pre-installed software parts 
in the node from the producer. The user has to have the 
option to interfere to the program code and suit it to its 
own application. The criterion on memory size is very 
important when the data are stored in the node for a 
longer time and they are not directly sent to the gateway. 
Input and output capabilities relate to the possibilities of 
accessing to the node. 

The possibilities of WSN extension are summarized in  

the sixth group. Criteria like flexibility, possibility of 
sensor changing and adding a GPS unit are summarized 
in this group. The WSN can be extended by the number 
of nodes in the same place or it can expand to the larger 
area. Sensors or GPS unit can be added to the node. 

Physical parameters are summarized in the seventh 

group of criteria. The first criterion is connected to the 
size of the node. The second one focuses on the weight 
of the node. These two parameters are important in the 
case that the nodes have to be hidden so that they do not 
arouse the attention of vandals [22]. 

The eight group of criteria is aimed at the price of 
node. The price of one node depends on a lot of demands 
such as application because this demand depends on the 
number of nodes in the field and the selection of sensors 
for the measured values of the elements. The price of one 
node ranges from 99 to 600 €. The price depends on the 
equipment of node and its measurement capabilities. 

4.2. Criteria for Gateway Selection 

Requirements for the gateway selection are very similar 
to those which are placed on nodes (Table 2). Demand 
on sensors selection does not have to be solved in the 
case of gateway. Criteria for gateway selection are di- 
vided into seven groups. 

 
Table 2. Criteria for gateway selection. 

Criteria Group Number Criteria Group Criteria for Nodes Selection Increasing/Decreasing/Boolean Preference 

1 Communication models   

  communication possibilities max 

  communication range [m] max 

  topology type 

2 Energy sources   

  energy source max 

  battery life [year] max 

  energy consumption min 

3 Environmental resistance   

  storage temperature [˚C] max 

  protection yes 

4 Technical aspects   

  programming skills min 

  software type 

  memory size [KB] max 

  security max 

5 Expansion options   

  flexibility max 

  sensor boards/sensors change yes 

  GPS yes 

6 Physical parameters   

  size [mm] min 

  weight [g] min 

7 Price   

  price for one gateway [€] min     

Open Access                                                                                            WSN 



V. HEJLOVÁ, V. VOŽENÍLEK 234 

 
The first group of criteria is aimed at the communica- 

tion models. The possibilities of communication between 
nodes and gateway, gateway and server are involved in 
this group. Topology possibilities are taken into account. 

Energy sources are included in the second group of 
criteria. The first criterion deals with power options. 
Gateway can be powered by electricity, because it can be 
situated in the indoor environment, because this compo- 
nent does not measure outside parameters. Gateway can 
be also powered by batteries and in this case it is neces- 
sary to consider battery life which should be high with 
low energy consumption. 

The third group of criteria deals with resistance of 
gateway against the external influences. The criteria 
dealing with operational temperature and protected en- 
capsulation are sorted into this group. The operational 
temperature must correspond with conditions of the place 
where the gateway is situated. Only a small number of 
gateways is suitable to be placed into the outdoor condi- 
tions. Encapsulation is necessary if the gateway is lo- 
cated in the external conditions. 

Technical aspects are involved in the fourth group of 
criteria. The first criterion in this group deals with the 
programming skills of the user. Basic interface of gate- 
way has to be programmed. There have to be possibility 
of intervention to the program code. The memory size is 
considered in the case of gateway. Measured values can 
be stored in gateway for a long time, before they are sent 
to the server. The security has to be taken into account 
because in the gateway are stored a lot of data and they 
must not be lost. 

The fifth group of criteria is aimed at the possibilities 
of expansion. Flexibility and extension by additional 
components like GPS receiver are involved in this group. 

Physical parameters like size and weight of a node are 
included in the sixth group of criteria. The small size 
and weight are important if the nodes are situated in the 
external conditions and the gateway must not be imme- 
diately spotted or have to be placed in the higher position 
like roof or the top of traffic lamp. 

The last group of criteria deals with price. The price 
depends on possibilities of communication which enables 
to connect the gateway with nodes and server and mem- 
ory size. 

5. Requirements for the Wireless Sensor 
Network Components in Olomouc City 

The major aim of Olomouc WSN (OWSN) is the moni- 
toring of air pollutants. The ideal parameters for every 
criterion will be suggested only for the nodes which will 
be further evaluated. This WSN has to complete the cri- 
teria evaluated by the highest values. Every criterion has 
suggested the ideal parameter which is shown in Table 3. 

Fifteen nodes are planned to be placed in the centre of 
Olomouc City. These nodes will be situated around busy 
roads and in the nearby park. Their area of localization is 
shown in Figure 2. 

The most significant requirements are included in the 
first four groups of criteria. The first group is the most 
important because it solves if the sensor boards/sensors 
measuring the air pollutants can be connected. The sec- 
ond group shows the possibilities of communication and 
the third one examines the energy possibilities. The pos- 
sibility of encapsulation is very important for the external 
monitoring. 

Harmful air pollutants and basic meteorological ele- 
ments observed by the OWSN should be in the ideal case: 
CO2, NO2, O3, CO, CH4, temperature, relative humidity, 
solar radiation, wind speed and wind direction. The list 
of ideally observed elements was made in the coopera- 
tion with the Czech Hydrometeorological Institute, Os- 
trava Office. The distribution, concentration and disper- 
sion of the chosen air pollutants and meteorological geo- 
graphical elements in the centre of Olomouc City will be 
observed. 

Another significant request belongs to the second 

group of criteria called communication models. In this 
criterion there has to be confirmed the requirement for 
the possibilities of communication non licensed area in 
the Czech Republic (3.4 or 5 GHz). The usage of Zigbee 
protocol is necessary. This protocol is used for short and 
middle distance transmissions. The distance between the 
nodes in the OWSN should be at least 300 meters. 

In the third group of criteria which is about energy 
sources there is the most important requirement for using 
battery power as an energy source. 

The fourth group deals with environmental resistance 
which is very important when the nodes are placed in the 
external conditions. 

6. Commercially Offered Components 

A lot of companies offer WSN components but only a 
few of them can offer nodes which communicate with 
each other. The combination of components from differ- 
ent companies could bring problems with the installation 
and subsequent commissioning due to incompatibility 
among nodes and sensor boards. All products offered by 
ten companies were taken into account (Table 4). 

The most suitable options were selected from 28 types 
of nodes, 52 sensor boards/sensors and 9 gateways. All 
these components were evaluated on the basis of above 
selected criteria. The highest attention is aimed at the 
sensor nodes because they create the most important part 
of the whole system. The chosen nodes are completed 
with sensor boards/sensors from the same producer. 

The chosen criteria were not fulfilled in the case of all           
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Table 3. Parameters suggested for the OWSN. 

Criteria Group Number Criteria Group Criteria for Nodes Selection OWSN requirements 

1 Sensor boards/sensor   

  
sensor board for monitoring of pollutants 

from the same producer 
yes 

  
possibilities for connecting sensors for 

monitoring of pollutants 
- 

  count of connected sensor boards/sensors min 6 

  sensor measurement interval [min] 15 

  calibration yes 

  built-in sensors thermometer, akcelerometer 

2 Communication models   

  communication among nodes yes 

  communication possibilities 
Zigbee protocol, communication in  

the range 3.4 GHz or 5 GHz 

  communication range [m] 300 

  topology tree 

3 Energy sources   

  energy source battery 

  battery life [year] one in the operation 

  energy consumption the lowest 

4 Environmental resistance   

  storage temperature [˚C] −30 - +40 

  protection yes 

5 Technical aspects   

  programming skills low 

  software open source 

  memory size [KB] 600 

  I/O must have USB connector 

6 Expansion options   

  flexibility yes 

  sensor boards/sensors change yes 

  GPS no, but there must be possibility for buying

7 Physical parameters   

  size [mm] 100 × 100 × 100 

  weight [g] 100 

8 Price   

  price for one node [€] 300 
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Figure 2. Area covered by nodes. 

 
Table 4. Major producers of WSNs. 

Producer State Producer State 

Libelium Spain Dust Inc. USA 

Memsic USA CSIRO Australia

Crossbow USA Sun Microsystems USA 

TinyNode Switzerland Shimmer Ireland 

AdvanticSys Switzerland SilliconLabs USA 

 
products (options) because the needed information is not 
provided by the producer. Nodes which had fulfilled at 
least 80% from the chosen criteria were selected to the 
evaluation. 15 nodes have completed this requirement. 
They are produced by 5 companies. 

The criteria were used for the evaluation of producers 
of WSN components. It is necessary to know how they 
behave to the potential customer. It was evaluated if the 
distributor communicates with the user. Scale from 1 to 5 
was chosen to evaluate how many days the sending an- 
swer has lasted. If the answer was not accepted in five 
days this company was evaluated by number 5. The sec- 
ond criterion is aimed at the structure of the answer. The 
answer can be either blunt and only correspond to the 
desired questions, or may contain additional questions 
towards the user and additional information. The evalua- 
tion was made in the scale from 1 to 5 (Table 5). 

7. Results 

The criteria for selecting the most suitable components 
were simplified. This step was made because the pa- 
rameters of all options have to be easily comparable. The 

utility computing was made for nodes which had at least 
80% of criteria fulfilled. 

The weights of the criteria which come from their im- 
portance were determined. Two kinds of methods were 
used for the determination of weights. The first method is 
known as The Rank Based Method, the second one as 
The Compensation Method. The weights determined by 
these methods can be compared because they were com- 
puted for all criteria. Their values are shown in Table 6 
and they are graphically compared in Figure 3. The 
highest values of weights were computed in the cases of 
the most important criteria. The differences between 
weight values computed by two methods are not so sig- 
nificant in the cases of middle important criteria. The 
most important criteria have higher weight values com- 
puted by The Rank Based Method. The least important 
criteria have higher values of weights computed by The 
Compensation Method. The highest difference between 
values computed by these two methods was in the case of 
criteria called Sensor boards/sensors from the same pro- 
ducer. 

The Utility of the selected 15 options was computed 
by The Weighted Sum Method and The Aggregation 
Function. The utilities of the selected options with their 
producers are shown in Table 7 and compared in Figure 

4. The node called Waspmote Plug&Sense has the high- 
est utility value of all options. This node is produced by 
the Spanish Company called Libelium. Nodes which 
have the second highest value of utility are produced by 
the same company as the first option and they are called 
Waspmote PRO nodes. The basic parameters of these 
two kinds of nodes are the same but the evaluation of 
Waspmote PRO was reduced by the criterion which   
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Table 5. The evaluation of the producers with at least 80% of criteria fulfilled. 

  Libelium Memsic Crossbow AdvanticSys TinyNode 

1 Communicate company with user 1 1 5 4 5 

2 Structure of the answer 1 1 5 2 5 

 
Table 6. The weights of criteria determined by two methods. 

Criteria Group 

Number 
Criteria Group Criteria for Nodes Selection 

Increasing/Decreasing/ 

Boolean Preference 

Weight Rank  

Based Method 

Weight 

Comp. Method

1 Sensor boards/sensors     

  
sensor board for monitoring of pollutants 

from the producer 
yes 0.09 0.070 

  
possibilities for connecting sensors for 

monitoring of pollutants 
- 0.076 0.066 

  calibration yes 0.047 0.055 

  built-in sensors yes 0.023 0.039 

2 Communication models     

  communication among nodes yes 0.090 0.070 

  Zigbee protocol yes 0.076 0.064 

  communication in 3.4 GHz or 5 GHz yes 0.083 0.069 

  middle values of communication range [m] yes 0.073 0.063 

3 Energy sources     

  battery powered yes 0.063 0.059 

  battery life [months] max 0.060 0.057 

  is solar panel possible yes 0.063 0.058 

4 Environm. resistance     

  
is in operational range interval  

−30 - +40 [˚C] 
yes 0.050 0.056 

  protection yes 0.050 0.055 

5 Technical aspects     

  programming skills min 0.040 0.048 

  memory size max 0.030 0.049 

6 Expansion options     

  GPS, change of sensors, flexibility yes 0.030 0.042 

7 Physical parameters     

  size [mm] min 0.020 0.020 

  weight [g] min 0.013 0.021 

8 Price     

  price [€] min 0.023 0.038 
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Figure 3. Weights of criteria determined by different methods. 

 
Table 7. The utility of selected options. 

Nodes name Producer Utility (The Rank Based Method) Utility (The Compensation Method) 

Waspmote PRO Libelium 0.710 0.712 

Waspmote Plug & Sense Libelium 0.749 0.763 

MICAz Memsic 0.468 0.460 

LOTUS Memsic 0.572 0.578 

TelosB Memsic 0.544 0.562 

IRIS Memsic 0.486 0.488 

IRIS (eKo Standard) Memsic 0.572 0.560 

IRIS (eKo Long Range) Memsic 0.599 0.580 

IMOTE2 Crossbow 0.466 0.453 

MICA2 Crossbow 0.336 0.358 

MEP-SYS multisensor Crossbow 0.354 0.436 

MEP-SYS temp-hum Crossbow 0.355 0.437 

TinyNode586 TinyNode 0.558 0.568 

XM100 AdvaticSys 0.638 0.638 

CM5000 AdvaticSys 0.637 0.637 

 
includes node encapsulation. The third highest utility was 
reached by the nodes produced by the AdvanticSys 
Company. This company offers two kinds of nodes 
which reached the same result. The reason for the lower 
utility is the fact that this node does not have the encap- 
sulation as the first mentioned option. Only these two 
companies offer nodes and sensor boards/sensors which 

measure the amount of air pollution. The requirement for 
the sensor boards/sensors measuring the air pollution 
from the same producer as the node has a high weight 
and that is the reason why these products are on the top 
of the result list. The eKo nodes are produced by Memsic. 
These nodes are encapsulated so they can be directly 
placed in the outdoor condi ions. This criterion was in  t  
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Figure 4. Utility of selected options. 

 
the overall evaluation highlighted. The node called MI-
CA2 has the lowest utility. This node communicates in 
the spectrum which is not allowed in the Czech Repub-
lic. Requirement for the communication in the allowed 
spectrum has a high weight value. MEP-SYS are nodes 
which have the second lowest utility. These nodes are 
encapsulated but it is not possible to change their sen-
sors and the sensors for the monitoring of harmful air 
pollution. 

8. Conclusion and Discussion 

The WSN components selection for the particular appli- 
cation is a very important part of the whole project and 
certain attention must be paid to it. 

More methods for the weight determination were ap- 
plied so that the results could be compared. It is difficult 
to decide which method gives better results because in 
the higher and lower values there are significant differ- 
ences in the weight values. The values of weights are 
similar in the middle part. 

Multicriteria decision making process offers methods 
that are suitable for selection of the best option. This op- 
tion meets the largest spectrum of the chosen criteria. 
The utility of the options was determined by The 
Weighted Sum Method including Aggregated Utility 
Function. The difference between the best and the worst 
option using The Order Weight Method is 0.41. This is a 
big difference and it shows that the worst option is not 
suitable for the requested monitoring. The best option  

 

Figure 5. Waspmote Plug & Sense. 

 
utility value is 0.75 and this option fulfills the criteria 
evaluated by the highest values. The Waspmote Plug & 
Sense nodes represent the best option for this particular 
application. Not only nodes but the other WSN compo- 
nents compatible with these nodes are highly evaluated. 
Waspmote Plug&Sense node complies all the weight 
most evaluated criteria such as gas sensors from the same 
producer and communication using Zigbee protocol. 
These nodes are directly applicable in the exterior condi- 
tions. The disadvantages of these nodes are the size and 
the weight (Figure 5). 
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