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Abstract 

Nowadays the technical solutions related to energy resource management are being rapidly developed and integrated into the 
daily lives of people. The energy resource management systems use sensor networks for receiving and processing information 
during the realia time. Despite the large number of research related to increasing the life expectancy of a network, node 
positioning, network clustering as well as the optimization of the data-processing model, issues related to the data flow 
management and classification of the information become more and more topical; they allow to reduce the amount of transmitted 
information within the network. The network load of the unstructured information flow is the most important aspect that impacts 
the service quality of the network as well as the life expectancy of a node; as a result, the methods of network performance 
optimization and increase in life expectancy in the networks with a high information transmission rate become ineffective. 
Nowadays the amount of transmitted information in the Internet of Things networks is increased and becomes chaotic which 
results in the reduction of the overall network efficiency and life expectancy. The article discusses the management method of the 
network data flow that can respond to a data flow programming task whilst taking into account the balancing of the node energy 
in the network. 
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1. Introduction 

The system Smart house is a topical and modern solution which increases the energy efficiency of a building and 
provides energy resources individually and also provides other automated solutions that facilitate the daily lives of 
people1, 2, 3. 

Most processes of the Smart house systems are pre-programmed and are provided in the automatic mode, 
however, depending on the system specifications there is a set of values that can be controlled by the user. Thanks to 
its structure and the module system, the Smart house solution allows individual subsystem modification and 
customization for every user which in turn allows reserving a lot of resources4. 

Nowadays the technical solutions related to energy resource management are being rapidly developed and 
integrated into the daily lives of people. The energy resource management systems use sensor networks for 
receiving and processing information during the realia time. Despite the large number of research related to 
increasing the life expectancy of a network5, 6, 7, node positioning, network clustering as well as the optimization of 
the data-processing model, issues related to the self-organisation of the system and the issues of topology creation 
allowing the increase of the overall life expectancy of a network. Excessive exchange frequency of the network 
topology is the most important factor that impacts the network service quality and the life expectancy of the node; as 
a result, the methods of network performance optimization and increasing life expectancy of the self-organizing 
networks with a high network topology exchange rate become ineffective. Nowadays the amount of transmitted 
information in the Internet of Things networks is increased and the network elements are programmed to perform 
both the roles of a terminal and a router; as a result, the network activity becomes chaotic and the total network 
efficiency and the life expectancy are reduced. The article describes the use of dynamic coordinator node in the 
wireless sensor networks which allows structuring the information transmitted through the network and reducing the 
need for network topology change which results in the increase of the overall system life expectancy. 

2. Overview of current situation 

Recently, the number of studies related to the wireless sensor network implementation issues has increased. For 
example, the paper8 is focused on the issues related to wireless sensor network design, energy resource shortage 
within the network and the overload of the network router. It is pointed out in the paper that the data flow of a 
wireless sensor network is imbalanced and the issues associated with data flow management in the network are 
becoming topical. Dawadi9 in his research reviews issues related to the data flow modeling and optimization. It 
should be emphasized here that within the transmission of the WSN flow is dependent on the network usage and the 
network operation scenario. There are systems in which the frequency and size of the information transmitted are 
strictly determined and there is no possibility for network optimization and, as a result, a large amount of useless 
information appears in the network. 

Recently, there has been an increasing amount of studies related to the improvement of wireless sensor network 
technical properties for increasing its life expectancy. The main drawback of a wireless sensor network is a low 
power battery which significantly limits the life expectancy of the network. Currently, there are a number of 
methods that allow solving this problem10, 11, 12. These include the individual choice of battery capacity, node 
placement density, transmitter power adjustment, the use of energy-efficient data transmission protocol, network 
node positioning and other methods that are related to additional costs of network introduction. 

In turn, it is demonstrated in the article7 that the methods of increasing the life expectancy in networks with a 
large unstructured data flow are ineffective because the network operates through a single network topology and the 
nodes are not in sleep mode and the function of the router is fulfilled inefficiently whilst transmitting service 
information within the network. 
Several WSN operational scenarios require that the research object will contain a sufficient number of sensors for 
collecting information from the network13. This means that artificial redundancy has been created in the network. 

There are situations where it is not possible to introduce redundancy and the network uses the smallest possible 
number of sensors. It stipulates that a limited number of nodes create a variety of problems in the network: 
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Lack of energy. The closer the data collector node is to the coordinator, the greater the flow of data is transmitted 
resulting in the increase of the energy consumption in the node 
 
Resource and power shortage. The transmission of a large number of information means that imbalance in the 
system appears in some network nodes. Wireless sensor network mainly operates according to a determined list1. 
As mentioned above, the sensor nodes use low power processor system management and, if there is an increase 
of system load in one of the system elements, the frequency time of a single operation increases which in turn 
increases the overall frequency time of a single operation in the network in the entire WSN which subsequently 
requires additional amounts of energy in every node 
 
In order to avoid overload issues, some authors13,14 propose the use of network clustering and the creation of 

smaller subnets which will be secured by their own coordinator nodes. 

3. Reasoning behind the change of network topology 

It is assumed in the article that the wireless sensor network system works by using the determinate length of a 
cycle . By completing each system cycle a certain amount of energy is consumed which depends on the state of 
the node in the cycle and the entire cycle length . 

Fig. 1 depicts how the energy of the router node is decreasing depending on the selected network topology and 
scenario. It is obvious that all the nodes have a reduced amount of energy in each stage and depending on the 
configuration it is possible to see that in the 13th stage the node that uses the first configuration has a high amount of 
the remaining energy compared to other configurations. This means that a correctly defined network configuration 
may bring a slight increase in life expectancy. 

 

 

Fig. 1. The amount of the router node energy depending on the network topology.  

Other authors have described that in the cycle of each element  the amount of power used is equal to  7. As a 
result, it can be concluded that the system is considered to be viable as long as the following condition is realized.  

The power of each element is . The network is able to work as long as each network element is able to 
transmit information.  
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Other authors have reviewed the formula (1) that determines the overall life expectancy of a dynamic network15 
which is used as the basis for the proposed model with the familiar and expected coordinator location.  

                 (1) 

4. Planning the movement of the dynamic coordinator node  

One of the factors that affect the changes in network configuration is the relocation of the coordinator in the 
network. By reducing the need to change the configuration the remaining amount of energy in the network nodes 
will increase and, as a result, the total network life expectancy will be increased.  

Supposedly, whilst the network is operating, there is one physical coordinator which could be located in one of 
the N positions. For example, whilst using the Smart house technology, the user’s mobile device functions as a 
coordinator by reading the information from all sensor nodes in the particular object. With this example there is only 
one physical coordinator node. The user can read data in places where there is a possibility to connect to the system 
such as indoors. As a result, WSN operates with a single coordinator node which may be located in one of the 
familiar N positions. 

If the network is composed of one coordinator node, it can be assumed that the network works according to the 
structure of a moving graph. The information from all network elements is delivered to one object by using some 
network nodes for information transmission. 

As a result, a factor that affects the reduction of the network life expectancy is the network topology change. The 
reconfiguration of every network consumes the energy in the node for creating new routing paths. 

When planning the movement of the coordinator, the first task is to reduce the frequency of reconfiguration and 
to create a data flow path to strain all of the all network elements as evenly as possible. 

4.1. The mobility of the network coordinator 

There are two types of coordinator mobility in a functioning system: 
 
Expected location of the coordinator: the coordinator has a cyclical operating pattern and the path of the 
coordinator in the network is determined as well as it is known how long the coordinator will be located at each 
position 
Random location of the coordinator: the place for the coordinator is defined by the user or in other cases the 
system generates a random location for the coordinator within each network start-up cycle. The time which the 
coordinator will spend at the same location is dependent on the requirements described in the algorithm of the 
performance.  
 
By using the estimated location of the coordinator, there is a possibility to determine where the coordinator will 

be located in every stage of the system operating process.   
Suppose the system functions through the cyclical coordinator movement via a defined trajectory and the location 

of the coordinator in the network is known as well as the time of how much the coordinator remains in each 
position. As a result, the time  that is necessary for the coordinator to go through the entire trajectory is: 

                  (2) 

where:  the time the coordinator spends at a certain position. 
Each location of the coordinator is associated with new network configuration. The system identifies the absence 

of the coordinator in the existent path structure and performs reconfiguration of the network providing a new route 
from the nodes to the coordinator. 

Let us look at the possibility of mobility management through network reconfiguration. Suppose that the 
original location of the coordinator is known and the motion path of the coordinator is strictly defined. Whilst 
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repositioning within a network, the spatial location  of the coordinator changes. It was prooved15 that via the 
transmission of data the object consumes power which depends on the distance, but is not smaller than the 
technically defined and    

When planning the network structure and the location of the network nodes as well as knowing the movement 
pattern of the coordinator it is possible to divide the network structure into segments . Consequently, it can 
be assumed that: 

                  (3) 

When the coordinator is located in one of the segment’s  vertices, the transmitter power of the elements 
located on it will not change since the effective range is not changed. 

The power consumed in each operating cycle   depends on the sector  where the coordinator node is 
located. It is not useful to reconfigure a network at the beginning of each network operating cycle if the network 
segment remains unchanged. If the node control module14 does not reconfigure a network due to the remaining 
energy 6, then the reconfiguration of the network will take place if the segment  which the coordinator is 
located in, is changed: 

                  (4) 

In the second operational scheme the coordinator can use a randomly selected network location which is 
determined by the user:  

                  (5) 

The results show an additional condition, which facilitates network reconfiguration. The network topology is 
changed in case the condition is fulfilled (the position of the coordinator is changed): 

                .  (6) 

By knowing the two conditions that contribute to reconfiguring the network, the algorithm for wireless sensor 
networks can be defined (see Fig. 2). 

4.2. The remaining amount of energy in the network nodes 

The second group of factors that impact the change in the network structure is the remaining amount of energy in 
each of the network elements. The completion of each operational cycle ensures the reduction of the remaining 
amount of energy of the network elements. It can be assumed that at the beginning of each cycle the remaining 
energy can be regarded as the initial energy. 

                ,   (7) 

where energy which is consumed in the node n within the active interval . 
The remaining amount of energy in the nodes differs for a functioning network. The closer the node is located to 

the coordinator point, the smaller the remaining amount of energy in the node. It is known that in order to 
reconfigure a network additional amount of energy in each node as well as time is required. As a result, it is not 
useful to reconfigure the network before each operating cycle. A new variable  should be introduced and it will 
indicate the limit when the network reconfiguration is necessary.  

                , where i,j = 1,2,…,n. (8) 
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The total amount of energy consumed in the network is calculated by forming a network topology and using a 
determined action scheme of a network; the amount does not change during the entire time of a functioning 
topology. 

 

 

Fig. 2. Algorithm of the wireless network topology change.  

5. Virtual coordinator management method with a heuristic algorithm 

It can be concluded that whilst a network is working there are situations when the physical coordinator node 
cannot be reached or it is not possible to establish a communication route between the sensor node and the 
coordinator. As a result of this the energy consumption increases providing inefficient communication between 
terminal nodes and the coordinator. To increase the life expectancy of the network, a virtual coordinator node is 
introduced which moves in the network cyclically using the familiar motion trajectory. 

Additional labels have been introduced for the description of virtual coordinator algorithm: 
 – a set of vertices containing the vertices k and their adjacent vertices: 

                .  (9) 

 – the number of nodes which is physically connected to the virtual coordinator node k and is located in its 
vicinity: 

                . (10) 

In each n step, if the coordinator is located in any of the  positions, a new position is chosen from the  list 
based on the remaining amount of energy in the nodes for the next step . If the network management module 
facilitates network topology change, according to the conditions described in the article, the coordinator changes its 
location. Being in a new location the virtual coordinator processes the information that the node contains by 
spending the amount of time  there which is defined by the user. The key step of the algorithm is the selection of 
the next position . Mostly this is accomplished by using one of the heuristic methods. 
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The sources have offered a variety of heuristic methods15, 16. A random position choice of the possible list of 
positions is considered as the simplest method: . Based on the modeling results done by the 
authors17, it can be seen that within most of the research scenarios the WSN life expectancy is increased compared 
to the fixed location of the coordinator. Despite the positive research results, this method is not recommended for 
use, since the transfer of the network coordinator by randomly determining the position does not guarantee any 
results and in some situations when the coordinator is located in the nodes where there is a low amount of remaining 
energy, the life expectancy will decrease. 

One of the authors16 offers ensuring the relocation of the coordinator along the visible perimeter of a network. 
This approach is based on the fact that generally with an active network, the elements that are located in the network 
center have a lower amount of the remaining energy in the nodes. 

The proposed method allows loading the nodes with a higher amount of the remaining energy by placing the 
coordinator node in the network perimeter. 

The article offers an alternative method. With each step a location  for the virtual coordinator should be 
selected in a way that the network can be active as long as possible provided that the network topology is not 
changed. By using an analogue, a new method (Maximum Residual Energy Maximal Lifetime) is defined. 

                (11) 

where  – the total power consumed by the node k in the active cycle. 
The common energy consumption of a network node can be calculated or changed dynamically based on external 

factors by using the method described in other paper6. If the amount of time the coordinator spends in each of the 
positions of node k is equal to  and the remaining amount of energy in the nodes is known before the coordinator 
is in the certain position - , as well as the amount of energy in the node when the coordinator leaves its position 

, then the energy consumed by each of the nodes can be expressed by using the following formula (12): 

                  .  (12) 

The method that is proposed in the article uses a management module of a network node and the dynamic 
coordinator node for storing information. In the case of network topology change this approach allows receiving a 
global overview on the entire network configuration and for the virtual coordinator node to occupy the best position 
in order to gather information from the nodes. 

6. Conclusion 

This paper proposes a set of reconfiguration methods for a wireless sensor network which allows the increase of 
the life expectancy of the wireless sensor network by leveling the difference of the remaining energy among all 
network elements. 

To avoid unnecessary network topology changes, the article describes a management method for the dynamic 
coordinator node which determines the moment of changing the structure of the network. Based on technical data 
obtained from the sensor nodes within wireless sensor network operations as well as on the analysis performed by 
the structure of the network, the primary for changing the topology conditions have been determined: 

 
The condition which depends on the location of the network coordinator 
The condition which depends on the operating segment of the network coordinator 
The condition which depends on the consumed energy imbalance in the network nodes 
 
To reduce the energy consumption in the nodes, a method has been developed in order to introduce control 

modules of autonomous network nodes which will monitor every position of the network node and will contribute to 
the network topology changes regardless of the functional forms of the node. As a result, an alternative low power 
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radio receiver will be used in order to provide communication and the receiver will transmit the technical 
information to the network node management module. 

In cases when the physical coordinator node cannot be reached or it is not possible to establish a communication 
route between the sensor node and the coordinator, it is offered to use a virtual coordinator which is managed by 
using heuristic algorithms. 
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