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Аннотация: В статье предложен метод балансировки энергетических 

характеристик датчиков в беспроводных сетях. Способ основан на использовании энергии 

в радиодиапазоне датчиков, передающих данные. Неактивные в данный момент датчики 

могут принимать и обнаруживать пакеты данных и использовать их для подзарядки 

источника питания. Энергоэффективность определяется точностью согласования 

приемной антенны с входной цепью и падением напряжения на модуле выпрямителя. 

Проведен анализ относительных потерь в зависимости от частоты для типичной антенны 

беспроводного диапазона. 
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Annotation. The paper proposed a method of balancing the energy characteristics of 

sensors in wireless networks. The method is based on the use of energy in the radio range of 

sensors transmitting data. The currently inactive sensors can receive and detect data packets and 

use them to recharge the power supply. Energy efficiency is deter- mined by the accuracy of 

matching the receiving antenna with the input circuit and the voltage drop across the rectifier 

module. The analysis of relative losses depending on the frequency for a typical antenna of the 

wireless range. 

Key words: wireless sensor networks, clustering, cluster vertex selection, dynamic load 

balancing, radio band energy, receiving antenna impedance, charging from a wire- less interface. 

 
The relevance of the work is due to the increasing spread of wireless sensor networks and the 

need to extend their life, which is determined mainly by the discharge of the power source built into the 

sensor. The aim of the work is to develop a method for balancing the energy characteristics of sensors in a 

wireless network. 
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The basic clustering algorithm in such networks does not take into account the energy reserve of 

each sensor when choosing a cluster vertex. As a result, a sensor with insufficient energy characteristics 

can be selected as the top of the cluster, which will lead to data loss. 

At the same time, in networks that register a certain event, the sensors are in an inactive state until 

the event occurs. This allows the use of data packets between the base station and active sensors to 

recharge the power supplies of the most discharged sensors. 

Since in wireless sensor networks, data packets can be received not only by the source and 

receiver of the signal, sensors that are not currently active can receive and detect these packets. 

The wireless interface, due to the use of the 2.4 GHz microwave band, in the case of network 

traffic and the proximity of the receiving sensor to the signal source, after detection, provides sufficient 

power to effectively recharge the power sources of the sensors. The detection efficiency in this case is 

determined by the consistency of the receiving antenna impedance with the input circuit and the losses on 

the detecting diodes. 

The method proposed in the paper allows balancing the energy parameters of sensors in the 

network due to the energy of the wireless range. This approach differs from known analogues by the non-

use of more complex exchange protocols that take into account the energy characteristics of each sensor, 

and the dynamic balancing of the sensor power supply charge, which significantly extends the life of the 

network. 

Wireless sensor networks (WSNs) are increasingly penetrating into all spheres of modern life. 

They are used to monitor technical systems and observe natural phenomena. 

The development of methods and tools for managing such networks is the most promising 

direction in the development of modern wireless technologies. 

In the general case, the WSN includes a set of sensor elements (nodes) and one (or more) base 

station that receives information. The tasks of the sensor include not only the registration of one or more 

environmental parameters, but also the primary processing of the collected data, as well as the 

transmission of this data to a neighboring node or base station. 

Sensors generally include a sensitive element, a primary data processing unit and a transceiver. 

Depending on the tasks to be solved, the set of functional elements can be supplemented, but the basic set 

of blocks is present in almost all modern WSNs. 

BSS sensors focused on long-term monitoring or designed to work in an aggressive environment, 

as a rule, do not require the replacement of built-in power supplies. Thus, the operating time from such a 

power source determines the lifetime of the WSS as a whole. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Radio transmitter  
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In WSNs that register an event, to save energy, specialized exchange protocols are used that 

implement dynamic clustering, in which the sensors become active only after the event is registered. 

Next, a cluster of active sensors is formed and a transaction tree is synthesized, which makes it possible to 

transmit data to the base station with minimal energy losses and with a given reliability. 

At present, a large number of such specialized protocols have been developed, which make it 

possible to optimize one or another set of FSN parameters. At the same time, only a few of these 

protocols use information about the energy state of each sensor, which can lead to data loss if the energy 

supply of the sensor's power supply is not enough to establish communication with the base station. 

In this work, an attempt was made to solve this problem by using the mechanism of dynamic 

balancing of energy parameters by detecting the energy of currently active sensors that transmit data 

packets of the wireless interface of the WSN of the base station and neighboring sensors. 

 

ENERGY CONSUMPTION ANALYSIS OF SENSOR NETWORK ELEMENTS 

About 4% of the total energy consumption is spent on the sensitive element. At the same time, 

90% of the energy is spent on organizing radio communication with neighboring nodes or a base station, 

depending on the exchange protocol used. 

At the same time, WSNs are mainly used to register certain events, the time intervals between 

which are very significant. In this mode, the sensor is up to 99% of the time in an inactive state, in which 

only the sensitive element functions. The sensor switches to the active state only when an event occurs, 

when the signal from the sensitive element exceeds a certain threshold value, or by a command from the 

base station or from a neighboring node. For such WSNs focused on event registration, a whole class of 

information exchange protocols has been developed that allows minimizing energy costs, reducing 

information delivery time, increasing the reliability of transmitted data, and controlling network 

congestion. 

From the point of view of energy efficiency in the WSN, modifications of the basic data transfer 

protocol, Low Energy Adaptive Clustering Hierarchy (LEACH), which is a TDMA protocol with 

adaptive clustering [9], are of the greatest practical interest. The goal of the protocol is to minimize the 

energy required to create and maintain dynamically organized sensor clusters. LEACH is a hierarchical 

protocol in which sensors transmit data to the top of the cluster, where data is accumulated and 

compressed, and then transmitted to the base station. The LEACH protocol assumes that each sensor has 

enough energy to transmit data directly to the base station or the nearest cluster top. 

Sensors that have already been the top of the cluster cannot become it during P communication 

sessions, where P is the user-specified percentage of cluster tops. After that, each sensor has a probability 

1/P to become the top of the cluster during this communication session. At the end of each 

communication session, sensors that were not cluster vertices choose a new cluster vertex closest to them 

and connect to it. The top of the cluster then prepares a list of transactions for each sensor in the cluster. 

LEACH is an efficient algorithm in terms of network energy consumption as a whole, but at the 

same time, LEACH does not ensure the selection of a sensor node with sufficient energy as the top of the 

cluster. Since the LEACH algorithm does not use information about the current energy state of the sensor 

node, a long-unelected member of the cluster with insufficient energy can be selected as the head node, 

which will lead to data loss. Thus, balancing the energy reserves between the elements of the cluster is the 

most important task that ensures the reliability of the transmitted data. 

 

ENERGY BALANCING IN A SENSOR NETWORK  
Balancing can be carried out both by using more complex algorithms that take into account the 

energy reserve of each node, and by recharging the power sources of the most discharged nodes directly 

from the wireless interface. 

In the idle state, the receiving part of each node that is not participating in the cluster can receive 

and accumulate the energy of the wireless interface packets. When using the 2.4 GHz band and a 

sufficiently large number of nodes participating in the exchange of data with the base station and 

neighboring nodes, the energy received by inactive sensors is sufficient to effectively recharge the sensor. 

Energy can be accumulated on a capacitor of a sufficiently large capacity (ionistor), after the discharge of 
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which, when the sensor switches to the active mode, it switches to the main non-rechargeable power 

source. 

Let us consider a variant of the structural construction of a sensor energy storage system 

operating in wireless communication bands. 

When working in different frequency ranges of wireless interfaces, only the parameters of the 

input circuit change. The rectifier has a maximum output voltage requirement. Therefore, the rectifier can 

be implemented as a voltage doubler circuit based on microwave Schottky diodes with a minimum 

forward voltage drop. 

The main energy losses in this case are due to the large distance between the source and receiver 

of the network signal (usually more than 10 m), low traffic in the network, and mismatch between the 

impedance of the receiving antenna and the input circuit. 

When the impedance of the receiving antenna mismatches with the input circuit of the rectifier 

unit, part of the energy will be lost. Therefore, the most important task is to accurately match the 

impedance over the entire range of the WSS. 

On fig. Figure 1 shows loss versus frequency for a typical sensor antenna operating in the 2.4 

GHz Wi-Fi band. As you can see, over the entire range, the relative losses do not exceed 10 dB. The 

minimum loss is observed in the range of 2.401–2.473 GHz. 

 

CONCLUSION 

The use of the energy of the wireless interface when organizing the power supply subsystem of 

the WSN sensors makes it possible to significantly increase the lifetime of the network and increase its 

reliability due to the redistribution of energy between the sensors. This approach is especially effective 

for WSNs that register an event when the sensors are in standby mode 99% of the time. During the 

waiting time, the storage element of the sensor can be fully charged if there is an intensive information 

exchange between nearby elements of the WSN. 
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