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ABSTRACT 

The distribution of wireless sensor network field 

in modern life brings special requirements in 

routing protocols. The routing algorithms for 

being efficient in Wireless Sensor Network 

(WSN) should satisfy the features of energy 

consumption optimization and extension of 

network lifetime.The objective of routing 

algorithms in energy harvesting wireless sensor 

network area is not to extend network's lifetime, 

but also to maximize the workload. This thesis 

report a comprehensive thesis work on both 

energy efficient and energy harvesting routing 

algorithms in WSN field. There are few Energy 

Harvesting Wireless Sensor Network (EH-WSN) 

routing algorithms that are mentioned in 

literature. In this paper we have defined some 

analysis metrics and implemented a simulator 

which fully satisfy the requirement The 

behavioral analysis of chosen algorithms in the 

case of different scenarios are completely 

reported in this thesis. In this work we have used 

ALB as the base technique and improved it using 

the energy harvesting concept, hence making 

HEALB i.e. Harvesting energy based ALB. 

INTRODUCTION 

Wireless sensor systems are receiving increasing 

interest since they offer flexibility, ease of 

implementation and the ability to retrofit 

systems without the cost and inconvenience of 

cabling. Furthermore, by removing wires there is 

the potential for embedding sensors in 

previously inaccessible locations. At present, the 

majority of wireless sensor nodes are simply 

battery-powered. Despite measures such as low 

power techniques for communicating (e.g. IEEE 

802.15.4 and ZigBee protocols) and the 

intelligent management of the sensor node’s 

power consumption, batteries will still require 

periodical replacement. Replacing batteries is 

not compatible with embedded applications nor 

is it feasible for networks with large numbers of 

nodes. The advances made in low power 

wireless systems present an opportunity for 

alternative types of power source. Solutions such 

as micro fuel cells [1] and micro turbine 

generators [2] are capable of high levels of 

energy and power density. However, they 

involve the use of chemical energy and require 

refueling. Energy harvesting approaches that 

transform light, heat and kinetic energy available 

in the sensor’s environment into electrical 

energy offer the potential of renewable power 

sources which can be used to directly replace or 

augment the battery. Such renewable sources 

could increase the lifetime and capability of the 

network and mitigate the environmental impact 

caused by the disposal of batteries. In this 

context, solar power is the most well known. 

The subject of this paper is a kinetic energy 

generator which converts mechanical energy in 

the form of vibrations present in the application 

environment into electrical energy. Kinetic 

energy is typically converted into electrical 

energy using electromagnetic, piezoelectric or 

electrostatic transduction mechanisms [3]. 

Vibrations are an attractive source since the 

energy present can be harvested by compact 

inertial devices that benefit from a high Q-factor 

amplifying the base excitation amplitude. 

Suitable vibrations can be found in numerous 

applications including common household 

goods(fridges, washing machines, microwave 

ovens), industrial plant equipment, moving 

vehicles such as automobiles and aeroplanes and 

structures such as buildings and bridges [4]. 

Human-based applications are characterized by 

low frequency high amplitude displacements [5, 

6]. The amount of energy generated by this 

approach fundamentally depends upon the 

quantity and form of the kinetic energy available 

in the application environment and the 

efficiency of the generator and the power 
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conversion electronics. This paper presents the 

development of an electromagnetic micro 

generator designed to harvest energy from the 

vibrations of an air compressor unit which 

exhibits large vibration maxima in the range of 

0.19–3.7 m s−2 at frequencies between 43 Hz 

and 109 Hz. The micro generator was therefore 

designed to operate within this range and to be 

as small as possible whilst still generating 

useable levels of power and voltage. The paper 

presents a theoretical analysis of inertial 

generators, the design, simulation and testing of 

the electromagnetic generator and a comparison 

with other inertial generators. This work was 

carried out as part of the European Union funded 

project ‘Vibration Energy Scavenging’ (VIBES). 

Resonant generators can be modelled as a 

second-order, spring–mass–damper system with 

base excitation.  a general example of such a 

system based on a seismic mass, m, on a spring 

of stiffness, k. Total energy losses within the 

system are represented by the damping 

coefficient, cT. These losses consist of parasitic 

loss mechanisms (e.g. air damping), represented 

by cp, and electrical energy extracted by the 

transduction mechanism, represented by ce. 

These generators are intended to operate at their 

resonant frequency and for optimum energy 

extraction should be designed such that this 

coincides with the vibrations present in the 

intended application environment. The theory of 

inertial based generators is well documented [7–

9] and will only be briefly summarized here. 

Assuming the generator is driven by a harmonic 

base excitation y(t) = Y sin(ωt), it will move out 

of phase with the mass at resonance resulting in 

a net displacement, z(t), between the mass and 

the frame. The intended application for the 

generators described in this paper is an air 

compressor unit supplying several laboratories 

within a building. The electric motor runs 

continuously whilst the compressor is duty 

cycled to maintain the pressure within an in-line 

reservoir tank. The vibration levels and 

frequencies have been measured at various 

locations on the compressor and electric motor. 

The measured results indicate several resonances 

between 43 and 109 Hz with acceleration levels 

between 0.19 and 3.7 m s−2. Example vibration 

spectra taken from the side of the compressor 

enclosure and the top of the compressor are 

shown in figure 2. The generators presented in 

this paper have been designed to operate at these 

lower frequencies and at an RMS acceleration of 

0.59 m s−2 (or 60 mg where 1 g = 9.81 m s−2). 

This frequency range and acceleration level is 

indicative of the vibration levels found in typical 

industrial applications. 

The micro electromagnetic generators presented 

in this paper are a miniaturized form of a 

previous larger scale design [10]. The generator 

uses miniature discrete components fabricated 

using a variety of conventional manufacturing 

processes. This enables the generator to exploit 

the advantages of bulk magnetic material 

properties and large coil winding density thereby 

demonstrating useable levels of power from a 

compact design. 

RELATED WORK 

Alam et al. [1] presented a schematic model of 

an RF energy harvesting circuit coupling with a 

multiple ISM band Microstrip antenna. The 

overall dimension of the antenna is (43 × 30 × 

1.6) mm3 and simultaneously operated at 2.4 

GHz (directivity: 2.25 dBi) and 5.8 GHz 

(directivity: 4.33 dBi) respectively with quasi 

omni-directional radiation pattern; which could 

be suitable for wireless sensor network (WSN) 

or any wireless device adopted to operate in ISM 

bands mentioned above. Lastly two different 

values of load resistance at the output of the 

rectifier for different ISM band frequencies have 

been found out to recycle optimum power in 

microwatt range to empowering ultra low power 

wireless sensors. 

Tan et al. [2] evaluated the impact of transmit 

power control on the usefulness of a multi-sink 

WSN-HEAP, deployed in uniform string 

topology for railway track monitoring. Based on 

current achievable energy harvesting rates from 

track deflections, and commercially available 

sensor mote parameters, our analysis reveals that 

availability can be maximized while maintaining 

good data delivery ratio and throughput-fairness 

by appropriate setting of the transmit power over 

a wide range of deployment density, Signal-to-
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Noise Ratio requirements and energy harvesting 

characteristics. 

Beheshtiha et al. [3] designed OR-AHaD, an 

Opportunistic Routing algorithm with Adaptive 

Harvesting-aware Duty Cycling. In the proposed 

algorithm, candidates are primarily prioritized 

by applying geographical zoning and later 

coordinated in a timer-based fashion by 

exchanging coordination messages. An energy 

management model is presented that uses the 

estimated harvesting rate in the near future to 

adjust the duty cycle of each node adaptively. 

Simulation results show that OR-AHaD exploits 

the available energy resources in an efficient 

way and increases good put in comparison to 

other opportunistic routing protocols for WSN-

HEAP. 

Seah et al. [4] surveyed related research and 

discusses the challenges of designing 

networking protocols for such WSNs powered 

by ambient energy harvesting. Wireless sensor 

networks (WSNs) research has pre-dominantly 

assumed the use of a portable and limited energy 

source, viz. batteries, to power sensors. Without 

energy, a sensor is essentially useless and cannot 

contribute to the utility of the network as a 

whole. Consequently, substantial research 

efforts have been spent on designing energy-

efficient networking protocols to maximize the 

lifetime of WSNs. However, there are emerging 

WSN applications where sensors are required to 

operate for much longer durations (like years or 

even decades) after they are deployed. Examples 

include in-situ environmental/habitat monitoring 

and structural health monitoring of critical 

infrastructures and buildings, where batteries are 

hard (or impossible) to replace/recharge. Lately, 

an alternative to powering WSNs is being 

actively studied, which is to convert the ambient 

energy from the environment into electricity to 

power the sensor nodes. While renewable energy 

technology is not new (e.g., solar and wind) the 

systems in use are far too large for WSNs. Those 

small enough for use in wireless sensors are 

most likely able to provide only enough energy 

to power sensors sporadically and not 

continuously. Sensor nodes need to exploit the 

sporadic availability of energy to quickly sense 

and transmit the data.  

Tan et al. [5] characterized the capabilities and 

limitations of a WSN mote designed to measure 

noise. We identify, through specification 

analysis and experimentation, the performance-

limiting factors in each step of the noise 

measurement process. These steps include sound 

gathering, data processing, and result 

transmission. The prospect of the entire process 

being powered by energy-harvesting means is 

also evaluated. For each step, we also discuss 

and recommend measures that would help 

improve the overall system performance. 

Ghosh et al. [6] presented the design of an 

efficient energy harvesting system for energizing 

wireless sensor nodes using the electromagnetic 

radiation from cell towers in the CDMA and 

GSM bands. A new multiband microstrip 

monopole antenna with circular polarization and 

impedance 377ohms is designed to grab the 

ambient RF energy efficiently. The antenna 

structure is simulated using electromagnetic 

software Computer Simulation Technology. A 

seven stage voltage doubler is used as RF to DC 

conversion module. The voltage doubler is 

simulated using SPICE. The results show that 

the rectifying antenna system generates the 

desired voltage to energize the wireless sensor 

nodes. 

 

PROBLEM FORMULATION 

Energy harvesting has been a field of intense 

research about both the major point that are to be 

considered. Firstly how you want to produce the 

energy in locations of the nodes and then how 

you want to improve upon the energy 

consumption of the energy and stop the wastage 

of energy at those nodes which are having 

energy left in them but it is wasted because their 

partners run out of energy and are dead earlier 

then them. Another problem is that the energy 

harvesting is not a source of reliable energy as it 

depends on climatic and other situations. A 

method which assign the tasks according to the 

harvested energy is missing. 
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OBJECTIVES 

 A review of energy-aware routing 

algorithms in WSN. 

 Solving the problem of power in WSN 

under different scenarios and maximizing 

the workload.  

 To propose a technique by simulating the 

ALB algorithm in different scenario of 

available energy and performing load 

balancing according to the available energy.   

 Analyzing the performances of ALB 

algorithm and HEALB (Harvest energy 

based Adaptive load balancing) on the basis 

of network lifetime. 

Fig1:  Methodology 

 

RESULTS AND DISCUSSION 

The simulation of the proposed work is 

performed in MATLAB™ and the results are 

analyzed. 

 

Fig 2: The nodes plotted in the simulation. 

 

Fig 3: Load in E-LEACH 

 

Fig 4: Load after ALB (Adaptive Load 

Balancing) 

The graph above shows load graph of ALB 

which is plotted against load and time. Here the 

load varies like load 1-20 is represented by blue 

color, load 21-40 is represented by green color, 

load 41-60 is represented by red color and load 

61-80 is represented by sky color. 
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Fig 5: Load with Harvested Energy Adaptive 

Load Balancing (HEALB) 

The graph above shows load graph of HEALB 

which is plotted against load and time. Here the 

load varies like load 1-20 is represented by blue 

color, load 21-40 is represented by green color, 

load 41-60 is represented by red color and load 

61-80 is represented by sky color. 

 

Fig 6: Comparison of Energy Consumption in 

ALB, E-LEACH and HEALB with 100 nodes 

This graph shows the results for 100 nodes of 

power left comparison and the graph is plotted 

against power left and number of rounds. Blue 

color represents ALB, green color represents E-

LEACH and red color represents HEALB. As 

shown, HEALB has very low power 

consumption compared to ALB and E-LEACH. 

E-LEACH consumes maximum power and dies 

in about 9 rounds. ALB takes about 10 rounds 

and HEALB takes about 12 rounds before all 

power is consumed. 

 

Fig 7: Comparison of Energy Consumption in 

ALB, E-LEACH and HEALB with 200 nodes 

With 200 nodes, again, HEALB outperforms 

both ALB and E-LEACH. 

 

Fig 9: Comparison of Energy Consumption in 

ALB, E-LEACH and HEALB with 500 nodes 

With 500 nodes, HEALB is still performing 

brilliant and we can also see that with 500 

nodes, there is not much difference in graph as 

compared to in case of 200 nodes. 

CONCLUSION AND FUTURE WORK 

Wireless Sensor Network has been designed to 

monitor physical or environmental condition and 

many research works has been done on this 

topic. But power supply in this model of 

network makes problem. Because of using 

battery as a power. The probability that network 

die will increase. Therefore should try to not 

waste energy, in the aim of increasing network's 

life time. In this work we have merged the 
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concept of Adaptive load balancing with that of 

Energy harvesting. In the power graph we see 

that HEALB performs better than E LEACH and 

ALB.  

The future of this work will be to reduce and 

manage the harvested energy so much that we 

start to save the harvested in node after round of 

routing for future. 
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