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AAABSTRACTBSTRACTBSTRACT   

A wireless sensor network is a group of smart 

sensors, which are capable of sensing, 

processing and communicating data or 

messages whenever any event occurs. It also 

monitors physical or environmental 

conditions, such as temperature, sound, 

vibration, pressure, motion or pollutants and 

pass the data through the network to a main 

location. A sensor is a useful electronic device 

which converts objective quantities into a 

signal that can be used by end user. These 

sensor nodes communicate over short distance 

via a wireless medium and collaborate to 

accomplish a common task. This work mainly 

focuses on the multi hop routing in WSN. In 

WSN a smart sensors nodes deployed for 

monitoring and sensing the event. The amount 

of energy in every sensor node is fixed and 

limited which is non-replaceable and cannot 

be charged again. Proposed work focus on 

basic routing protocols which are based on 

this routing mechanism. We use the multi hop 

HEED protocol to check the energy utilization 

in proposed network. The research mainly 

focuses on maximization of energy in terms of 

round calculation using radio energy model. 

Clustering and design considerations are very 

important to minimize the energy consumption 

to prolong the life time of the WSN. 

Keywords:— Wireless sensor network, sensor 

node, design factor, HEED, Clustering, and 

Routing. 

I. II. II. INTRODUCTIONNTRODUCTIONNTRODUCTION   

The wireless sensor networks (WSNs) is 

one of the latest innovations in the field of 

wireless communication [1]. It consists of 

small battery, CPU and sensor which are 

main part of small mote or node. Wireless 

sensor networks enable low power, low 

cost, high performance networks usually 

small in its topology and with minimum 

range of distances for communication with 

other node network [1]. In Today‟s, sensor 

motes are extensively used by the military 

in the battle field as a means to closely 

monitor opponent activities. Sensor network 

are used in healthcare, temperature sensing 

and monitoring and various other house 

hold and commercial applications [2]. A 
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diagrammatic components of WSNs is 

shown in figure below, 

Figure 1 represents number of WSNs 

components for example: sensor node 

architecture, base station (sink), deployment 

area, and sensor nodes event region which 

are represented by various colors like green, 

white and blue. A sensor (node or mole) is a 

useful electronic device which converts an 

objective or tangible quantity into a signal 

that can be calculate and used by end user. 

It is useful in devices like motion detectors, 

thermometers, home appliances, vehicle 

tracking and monitoring system.  

 
Figure 1: WSNs components overview [7] 

Sensors have become a fast developing area 

for research and new application [2]. A 

sensor (node or mole) is a useful electronic 

device which is converts an objective or 

tangible quantity into a signal that can be 

calculate and used by end user. It is useful 

in devices like motion detectors, 

thermometers, home appliances, vehicle 

tracking and monitoring system. Sensors 

have become a fast developing area for 

research and new application [2]. 

Wireless Sensor Node: Each node typically 

consists of the four components: sensor 

unit, central processing unit (CPU), power 

unit, and communication unit. Each unit is 

assigned with different tasks [1]. The sensor 

unit consists of sensor and ADC (Analog to 

Digital Converter). The sensing unit is 

responsible for gathering information as the 

Analog to digital convertor requests, and 

returning the analog data it sensed [1]. 

Wireless Sensor Networks Architecture:  

A Wireless Sensor Network (WSN) is 

supposed to be made up of large number of 

sensors and at least one base station also 

called sink node. The sensors are 

autonomous small devices with several 

constraints like battery power, computation 

capabilities, and memory capacity and 

communication range [4]. 

Designing issues of routing protocol in WSN 

In the WSN, for creating new routing 

protocol and changing the existing protocol 

in the sensor network, the developer and 

analyst firstly focus on the design issues 

and challenges. 

Limited energy capacity: Every sensor node 

having limited energy for various 

operations. Sensor nodes use their energy 

for performing calculation, computation and 

transfer and receive information in a 

wireless network environment [4]. 

Sensor locations: sensor location is also 

important to create and manage network 

architecture. Location is also important 

design constraint of designing routing 

protocols for manage the current location of 

sensors [5]. 

Limited hardware resources: sensor can 

vary in terms of their hardware and 

software properties. Apart from limited 

energy capacity, sensor nodes have limited 

data processing and data storage capacities 

for its processing data over the internet or 

sensor network. 
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II. EII. EII. EXXXISTINGISTINGISTING   WWWORKORKORK   

Study of various protocols 

D i r e c t  c o m m u n i c a t i o n :  D i r e c t 

communication is a type of flat routing 

algorithm where all nodes work equally. It 

is main advantage of this routing algorithm 

because all nodes share load equally but on 

the other hand flooding is the disadvantage 

of this routing algorithm, which is caused 

by duplicate message send to the same 

node. In direct communication, all nodes 

are directly connected to the base station 

and send data directly to the base station. 

Minimum Transmission Energy: In 

Minimum Transmission Energy nodes route 

data through intermediate node, all nodes 

works as a router for the other node. 

Low Energy Adaptive Clustering Hierarchy 

LEACH is a clustering protocol, that 

minimize energy dissipation in sensor 

network, LEACH operation is divided into 

two part, first is setup phases and second is 

steady state phase. 

1) Setup Phase : In this phase Clusters are 

organized and cluster heads are selected,

 

Sensor node choose a random number 

between 0 and 1, which is less than a 

threshold value, T(n), and that node become 

a cluster head for the current round, 

T1 (n)= p/ 1-p*(r mod 1/p) 

Where p =Predetermined fraction of nodes 

r = random number 

2) Steady state phase: In this phase data is 

transferred to the sink node . It is longer 

than the duration of the setup phase in order 

to minimize the overhead. In this phase the 

sensor node can initiate sensing and 

transmitting data to the CHs. After 

receiving all the data, CHs nodes start 

aggregation before sending it to the BS. 

Advantage :It can localize the route set up 

within the cluster and thus reduce the size 

of the routing table stored at the individual 

sensor node.[17] 

Disadvantage: It is based on single hop 

routing, In this each node can transmit data 

directly to the cluster head and the base 

station .Therefore, it is not applicable to 

large network.[19] 

HEED Protocol 
Hybrid Energy Efficient Distributed 

Clustering is a cluster based protocol, in 

this protocol cluster heads are elected on 

the bases of residual energy and node 

degree. The proposed algorithm, select 

cluster heads on the bases of two 

parameters, first is their residual energy of 

each sensor node and second parameter is 

the inter cluster communication cost. 

CHprob= Cprob  

Where 

 Eresidual= is the current energy in the sensor 

 Emax= is the maximum energy is only used 

to limit the initial CH announcement and 

has no direct impact on the final cluster 

structure. 

Clustering Modeling: 
Clustering is mainly used where the 

network having large number of nodes. In 

the large sensor network it is difficult to 

manage the node energy and due to this 

result is loss of more energy 

a. Single Hop (One - hop) cluster model 

b. Multi-hop cluster Model 

c. Clustering-based Hierarchical Model 
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The main problem in previous work in the 

WSN is the data is transfer between sources 

nodes to destination like between nodes to 

node. If distance between the node is large 

than intermediate route or nodes is used. 

Various drawbacks are coming out if 

intermediate nodes lose battery or loss the 

energy during data transfer. Due to this 

WSN recovery, aggregation and routing 

protocol which are highly efficient and 

re l iab le .  Scal abi l i t y and  energy 

maximization and utilization is always 

important and challenging terms in WSN. 

For handling such issues in WSN we need 

adaptive routing protocols and also need 

improvements in existing routing protocol 

like single hop (HEED) protocol. Apart 

from the various design factor the 

integration of wireless sensor network are 

still challenging task for routing protocol to 

provide the energy efficient routing with 

maximum utilization of the network. In the 

literature review we can see that lots of 

work has been done for handling the 

energy, clustering and routing issues. 

III. TIII. TIII. THEHEHE   PPPRRROOOPPPOOOSEDSEDSED   WWWORKORKORK   

Our main objective is to Design energy 

efficient routing algorithm in which we 

have to use various design constraints of 

routing algorithms of WSN. In the proposed 

work we have apply one relay node or 

intermediate node between source node and 

destination if the distance between the 

source node and destination node is far. We 

are using improved heed protocol for 

wireless sensor network by using multi 

level hierarchy in network. 

Design Factors in Proposed Work 

First Order Radio Energy Model 

The clusters are used for transmitting data 

to the base station (sink) which gives the 

advantages of small transmit distances for 

most nodes, it require only few nodes to 

transmit information from far distance node 

to the base station. Extensive research in the 

area of low-energy radios is done in First 

order model. 

Table 1: Shows Design Issue Used in 

Proposed Work 

 

3.3 Operation of HEED 

Hybrid Energy Efficient Distributed 

Clustering is a cluster based protocol, in 

this protocol cluster heads are elected on 

the bases of residual energy and node 

degree. 

The proposed algorithm, select cluster 

heads on the bases of two parameters, first 

is their residual energy of each sensor node 

and second parameter is the inter cluster 

communication cost. 

CHprob= Cprob  

Where 

Eresidual= is the current energy in the sensor 

Design issue (factors) used in Pro-

posed work  

Node deployment Random 

Total no. of Nodes 

Fixed (varies in 

model) 

Routing approach 

Hierarchical with 

Clustering 

Scalability Good 

Node Type 

Heterogeneous 

node 

Data model 

Hybrid (single-hop 

and multi-hop) 

Mobility of sink lo-

cation Outside at (0,0) 

Data aggregation Possible 

Power usage Minimum 

Security Possible 

Topology Self organizing 
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 Emax= is the maximum energy is only used 

to limit the initial CH announcement and 

has no direct impact on the final cluster 

structure. 

3.4 Proposed Work 

The existing algorithm which is used here is 

HEED. In HEED it focus on heterogeneous 

node and used for reactive purpose with 

single hop and multi hop concept. 

Algorithm for Network Deployment and 

Energy Computation 

Algorithm is divided into 2 phase first 

phase [18, 14] is deal with set-up phase in 

which we are used design parameters, node 

properties and network area for random 

deployment of sensor nodes. Second phase 

is deal with data delivery between various 

nodes. 

Set-Up Phase: 

Step 1: Deployment of base station (sink) at 

position (0, 0) in area 500*500 m2. 

Step 2: Random Deployment of sensor 

nodes in the area of the define 

field. 

Step 3: Selection of Cluster Heads (CHs) 

firstly on the basis of their 

centralized position. 

Step 4: Switching the transmitting range of 

Cluster head (CHs) to 2X and X for 

the rest of the sensor nodes. 

Step 5: Forming a distance matrix for each 

sensor node. 

Step 6: Connecting all the CHs present 

within the transmission range of 

“2x” using the distance matrix. 

Step 7: connection of one cluster head to 

another cluster head which is near 

to base station. 

Steady State Phase: 

Step 1: Use of more comprehensive first 

order radio energy model. 

Step 2: Calculate energy of each node for 

data delivery for example 

transmission energy, receiving 

energy, aggregation and encryption 

and decryption energy gives the 

total energy of each node. 

Step 3: Calculate the total number of rounds 

for node until it dies. 

Step 4: Change of CH within a cluster if the 

first CH dies i.e. runs out of 

energy. 

Step 5: Set-up phase for CH selection is 

repeated if cluster head dies in the 

existing connected network. 

Step 6: Sensing, communicate and 

processing in data continues until 

the lifetime of the network till the 

last node die of the network. 

3.5 Proposed Algorithm for Round 

Calculation 

Algorithm for Network model deployment and 

Energy computation 

Set-Up phase for network deployment: 

Step 1: Take initial design parameters and 

assumption values of node, sensing 

network field and radio energy 

model. 

Step 2: Random deployment of sensor 

nodes with the help of coordinate 

values(x axis, y axis) in define 

area. 

Step 3: Deployment of the SINK node (base 

station) at fixed position (x=0, y=0) 

in the network area. 
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Step 4: find the sensor node within the 

transmission range of Base station 

(sink node). 

Step 5: Find the total number of links 

between nodes in our network. 

Above step 5 is required because we are 

applying single hop and multi-hop 

clustering approach, for this we have to 

decrease the number of links by keeping the 

same transmission range and connection of 

each node with base station. 

Step 6: In single hop clustering all the 

cluster head are connected to base 

station directly. Whereas in multi 

hop communication cluster head 

which is near to base station are 

connected to it and cluster head 

which is far away is connected to 

base station through other cluster 

head, which is worked as relay 

nodes also. 

Step 7: Selection of Cluster Heads (CHs) 

firstly on the basis of their 

centralized position. 

Step 8: Switching the transmission range of 

cluster head to 2X and X for the 

rest of the sensor nodes. 

Step 9: Forming a distance matrix for each 

sensor node. 

Step 10: Connecting all the CHs present 

within the transmission range of 

“2x” using the distance matrix. 

Step 11:A CH is now responsible for 

discovering other cliques and 

sharing information within the 

clique. 

Steady State Phase: 

Step 1: Use of more comprehensive first 

order radio model. 

Step 2: Calculate energy utilization of each 

sensor node which includes 

transmission energy and receiving 

energy. It‟s give the total energy 

consumption to perform setup of 

node and network and data delivery 

between nodes. 

Step 3: Calculate total number of rounds 

after which each node dies. 

Step 4: Change of CH within a cluster if the 

first CH dies i.e. runs out of 

energy. 

Step 5: Set-up phase for CH selection is 

repeated. 

Step 6: Sensing occurs until the lifetime of 

the network. 

The algorithm is mainly focus on data 

delivery between various nodes to base 

station for single hop and multi-hop 

communication. The algorithm is mainly 

used for comparison of number of rounds in 

various models for understanding and 

analysis of energy utilization for data 

routing over the existing network. 

The flow graph shows the data delivery in 

the existing network single hop and multi 

hop communication with clustering concept. 

 
Figure 2: Flow graph of data sensing, computing and 

communication 
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IV. CIV. CIV. CONCLUSIONONCLUSIONONCLUSION   ANDANDAND   FFFUTUREUTUREUTURE   WWWORKORKORK   

Clustering and routing in wireless sensor 

networks is a challenge for researchers. 

Review of clustering and routing techniques 

in wireless sensor network gives the idea 

about routing mechanism for various 

applications area and its network node 

deployment. Application requirement in 

routing and model for data transmission 

both have the common criteria for minimize 

the energy consumption and increase the 

lifetime of the WSNs. We have seen the 

single hop and multi hop model, which are 

used to extend the life time of the sensor 

nodes and WSNs by using the different 

parameters. This Thesis report put forward 

a method for energy efficient data transfer 

mechanism for wireless sensor network 

with various design parameters. The 

proposed work is design for random deploy 

wireless sensor network with fixed node 

and sensing area. Suggest algorithm is 

mainly deal with heterogeneous node for 

reactive routing purpose. we propose a 

evaluation of energy efficient routing 

protocol for IMPROVED HEED routing 

design constraints with existing routing 

model of HEED protocols. We have 

examine the single hop HEED approach and 

multi hop IMPROVED HEED with all 

nodes which is random deployed at selected 

area. 

After the deployment of senor node, we can 

calculate the number of rounds in the single 

hop and multi hop clustering approach. If 

number of rounds is large than it means the 

more energy is utilized in the network for 

data sensing, storage and delivery with each 

other and towards base station. 

In the future work Security based Routing 

protocol is used for various applications. 

Current routing protocols optimize for the 

limited capabilities of the nodes and the 

application specific nature of the networks, 

Enduser need to be ensure that unauthorized 

users cannot access the data from the sensor 

network. Therefore security is also major 

consideration for various application and 

still needs various improvement. 

REFERENCES: 

[1] I. F. Akyildiz, W. Su*, “A Survey on 

Sensor Networks: a survey”, 

Communications Magazine Elsevier 

Science B.V journal, computer 

network vol. no. 38, pp. 393-422, year 

2002. 

[2] Shio Kumar Singh and M.P Singh 

“Routing Protocols in Wireless Sensor 

Networks –A 

[3] Kemal Akkaya, Mohamed Younis, A 

survey on routing protocols for 

wireless sensor networks, Elsevier 

doi:10.1016/j.adhoc.2003.09.010, Ad 

Hoc Networks 3 (2005) 325–349. 

[4] Jamal N. Al-Karaki, Ahmed E. 

Kamal, “Routing Techniques in 

Wireless Sensor Networks: A 

Survey”, Dept of Electrical & 

Computer Engineering, IEEE wireless 

communications, vol. 11, Dec 2004. 

[5] Shipra Khurana and Ashish Gupta, 

“DESIGN AND ANALYSIS OF 

SECURITY ALGORITHMS FOR 

ROUTING IN WSN”, IJREAS, 

Volume 2, Issue 2, pp-1066-1075, 

February 2012. 

[6] Wang, Yong Attebury, Garhan and 

Ramamurthy Byrav, "A Survey of 

Security Issues in Wireless Sensor 

Networks" (year 2006). CSE Journal 

Articles, Paper 84. 

[7] Bhavesh Kumar, “Distance based 

Cluster Head Selection Algorithm for 

W i r e l e s s  S en s o r  N e t w o r k " 

International Journal of Computer 

Applications (0975 – 8887) Volume 

Improved Heed Protocol using Hybrid Energy Efficient Approach for WSN 

Author(s) : Ayushi Gour, Santosh Sahu, Anupam Choudhary, Jabalpur 



 

International Journal of Modern Engineering and Research Technology 

Volume 6 | Issue 1 | January 2019 
80  

57– No.9, November 2012 

[8] B. Krishnamachari, D. Estrin, S. 

Wicker, “Modeling data centric 

routing in wireless sensor networks”, 

in Proceedings of IEEE, New York, 

2002.Jennifer Yick, Biswanath 

Mukherjee, Dipak Ghosal, “Wireless 

sensor network survey” Elsevier 

journal on Computer Networks 52

(2008) 2292–2330. 

[9] Shaziya Tabassum, Prof. Sapna 

Choudhary, “A Review: Routing 

Design Challenges in Wireless Sensor 

Network”, International Journal of 

Engineer ing  Techno logy & 

Management Research, ISSN – 2320 

– 5288, Vol. 3, Issue 1, pp. 46-52, Feb 

2015. 

[10] Dilip Kumar1 and R. B. Patel2, “Multi

-Hop Data Communication Algorithm 

for Clustered Wireless Sensor 

Networks”, International Journal of 

Distributed Sensor Networks, Volume 

2011, Article ID 984795, 10 pages, 25 

February 2011 

[11] Suma. N, Dr.T.Purusothaman, 

Enhanced Logical Tree based Routing 

for Energy Efficient Wireless Sensor 

Networks, (IJAIST) ISSN: 2319:2682, 

Vol.8, No.8, pp-15-19, December 

2012. 

[12] Said Ben Alla, Abdellah Ezzati and 

Ahmed Mohsen, ”Hierarchical 

Adaptive Balanced Routing Protocol 

f o r  E n e r g y  E f f i c i en c y i n 

Heterogeneous Wireless Sensor 

Networks”, ISBN 978-953- 

[13] Chun-Hsien Wu1 and Yeh-Ching 

Chung1,” Heterogeneous Wireless 

Sensor Network Deployment and 

Topology Control Based on Irregular 

Sensor Model”, Second International 

Conference, GPC 2007, Paris, 

France,pp 78-88,May 2-4, 2007. 

[14] Naim, N.F. ; Hussin, N. ; Wahab, N. ; 

Aziz, N.A. ; Sarnin, S.S. ; Mohamad, 

R. “Maximizing Network Lifetime 

with Energy Efficient Routing 

Protocol for Wireless Sensor 

Networks” IEEE, Commun. Dept., 

UiTM, Shah Alam, Malaysia 28-30 

Dec. 2009 

[15] Pawan Kumar Kocher, Simarpreet 

Kaur, Niranjan Yadav,” Cluster Based 

Energy Efficient Protocol For 

Wireless Sensor Network”, IJREAS 

Volume 2, Issue 2 (February 2012) 

ISSN: 2249-3905. 

[16] Meghashree Kamath, Nandini 

Maninarayana,” Cluster Head 

Selection Algorithm to Minimize 

Energy Consumption in Wireless 

Sensor Network”, IJIRCCE Vol.2, 

Special Issue 2, May 2014 ISSN: 2320

-9801. 

[17] A. K. Dwivedi, O. P. Vyas, “Network 

Layer Protocols for Wireless Sensor 

Networks: Existing Classifications 

and Design Challenges”, International 

Journal of Computer Applications 

(0975 – 8887) Volume 8– No.12, 

October 2010. 

[18] Pratik R. chavda, Prof Paresh kotak, 

“Comparison LEACH and HEED 

Cluster Based protocol for Wireless 

Senser Network”, IOSR Journal of 

Computer Engineering (IOSRJCE) 

Volume 7, Issue 3 (Nov. - Dec. 2012), 

ISSN: 2278-0661. 

* * * * *  

Improved Heed Protocol using Hybrid Energy Efficient Approach for WSN 

Author(s) : Ayushi Gour, Santosh Sahu, Anupam Choudhary, Jabalpur 


