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Abstract:—A Wireless Sensor Network (WSN) consists of sensor nodes, which are distributed over the field of interest. Low cost sensor nodesand 
integration with IoT spur the proliferation of WSN in a large number of applications. This paper analyzes and comparesdifferent routing techniques in 
context of lifetime of the sensor network. Two Layered Heterogeneity (TLH) is a static routingscheme based on heterogeneity of sensor nodes, where 
higher energy nodes are cluster heads (CH) and rest nodes are membernodes. In addition, a routing scheme based on mobility of the nodes is also 
compared with its static counterpart. 4-way full BinaryTree Structure based Routing scheme has also been referred. This scheme possesses good 
Packet Delivery Ratio (PDR), enhancedlifetime and consistent Energy Depletion Rate (EDR). A grid-based routing scheme (VTGDRA), which partitions 
the network into adifferent number of grids based on the number of nodes is also taken into consideration, in which data transmission follows MSTlink 
connectivity between communicating nodes of the network. 
Each of the proposed schemes is simulated and compared. Simulations show the better outcomes of full binary tree structuredscheme as compared to 
existing techniques. 
 
Index Terms:—Routing, WSN, cluster, Tree structured, Grid based, Minimum Spanning Tree. 

———————————————————— 

1 Introduction                              
 Wireless Sensor Network (WSN) has been emerging field for 
past decades. Failures are inevitable in WSN becauseof 
unattended environment, so, hundreds to thousands of nodes 
are deployed to monitor the event on the field.Battery power 
limitation is the bottleneck while working on any application of 
WSN. For effective utilization ofthis limited energy, many 
routing protocols have been proposed till date. Each protocol 
focuses on transmitting datato sink in energy efficient manner 
with some pros and cons. Achieving better lifetime is one of 
the prime focusesof the routing. The sensor nodes can be 
dispersed in the field of interest to measure the environmental 
factors like temperature,humidity etc. Due to integration in IoT, 
many gazettes are available that work based on sensor nodes. 
Domains of WSNare expanding along with integration of 
technologies. Clustering is one of the approaches that assist 
to improve the network lifetime along with stability. In 
clustering,only set of specified nodes are responsible for data 
transmission to sink. Through clustering, redundancy of data 
canbe eliminated and energy can be conserved. Different 
cluster formation approaches were proposed that defines the 
roleof the cluster head (CH) and connectivity among remaining 
members of the network. Nodes of the network can pass the 
data through a linear chain too. Every node keeps on 
forwarding data packet tonext node (towards BS) via multi 
hops. In this fashion, a linear chain among sensor nodes 
segregates data at a nodeand transmits the same to BS [1]. 

 

2 LITERATURE REVIEW 
Extensive research is going to improve network lifetime for 
wireless sensor networks. Lifetime can be improved bywell 
designing routing techniques. Data dissemination is done in 
the network and same can be energy efficient bymaking the 
sink node mobile. 

 
 As sink node moves around the periphery, nearest Grid will 
transmit the data to sinknode. Mobility of sink will save energy 
of the nodes and can be controlled or uncontrolled. In 
controlled mobility [2-5],speed and direction of the sink is 
managed by external observer or as per network dynamics. 
Backbone base virtual Infrastructure (BVI) proposed by oh et 
al. [6] disseminates data in multi hops. It uses HEED [7]for 
clustering & tries to minimize the number of clusters. One 
cluster head (CH) is used to keep track the location ofmobile 
sink. Mobile sink registers itself to the CH via agent node. 
Whenever mobile sink moves in the cluster; it is 
theresponsibility of CH only to establish a connection with the 
sink. Root node being frequently used for route 
adjustmentdrains out much faster compared with rest of the 
nodes. HexDD[8] (Hexagonal cell-based Data Dissemination), 
creates hexagonal grid structure to transmit data to 
multiplemobile sinks. Sink data query will be replied by the 
nodes in center of the cell. When query reaches to the cell 
withrelevant data, reverse path is adopted for sending reply to 
the sink node. Sink movement is informed to centre as wellas 
border nodes along with routing information. This information 
causes high energy loss especially when sink ismoving at high 
speed. Authors in [9] proposed a circular cluster based routing 
technique VCCSR (virtual circle combined straight routing)in 
which mobile sink circulates in the sensor field. This mobile 
sink communicates with cluster head nodes present atthe 
border leading short distance communication & transmission 
of network data to sink at lower cost. Although thisscheme 
reduces route reconstruction cost but unable to distribute load 
evenly on nodes of the network. MESS [10], is based on 
pacing heterogeneous nodes in terms of storage at equal 
distances in the field of interest. Mobile sink passes a query 
message to the nodes in the network by flooding approach. 
Appropriate nodes containingthe reply packet to the query 
revert to mobile sink. Similar approaches were also defined in 
[11-12] for data collectionby mobile sink. They were also 
relying on frequently used nodes which in turn drain out much 
faster. Quadtree data dissemination [13], divides the network 
area into four quadrants. it defines few set of 
RendezvousPoints (RP) for data collection which are near to 
centroid of quadrant. Mobile sink collects data from RP. These 
RP’sbeing most frequently nodes so depletes much faster, 
resulting in shorter network lifetime.TTDD [14] also constructs 
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virtual grid structure in which mobile sink disseminates the 
query packet & that isreverted by the sensor node. GCA [15] 
proposed hexagonal cellular based structure for handling sink 
mobility. Itprevents flooding of packets for sink location 
information. Header nodes communicate with mobile sink for 
queryreply. However due to expiry of time to live value of 
packets there is increase in latency & number of dropped 
packets. VGDRA [16] was the Grid structure routing protocol 
which divides the network in virtual grids based on numberof 
nodes in the network. CH in every cluster transmits data in 
chain based approach to mobile sink via another CH. Ittries to 
minimize the packet transmission for sink location update by 
sending packets to selected CHs only. MVGDRA proposed on 
[17] is also mobile sink based virtual grid routing scheme 
based on [16]. This schemeselects cluster head on the basis 
of remaining energy of the nodes. Nodes with highest energy 
were appointed as CH& transmit data only based on 
occurrence of event (event driven approach). Authors in [18] 
proposed first clustering approach where the network was 
divided in to clusters (5% of the total nodes). Each cluster was 
supposed to have a cluster head (CH) which receives data 
from the cluster, aggregates the data andtransmits it to Base 
Station (BS). CH is rotated after each round to balance the 
load on all nodes of the network. Due to thisrotation network 
achieves 8X improvement but selects CH on rotational basis 
only without checking node’s capability. In [19] authors 
proposed TEEN protocol, based on the variation in the 
environmental factors. Sensor node transmitsdata only if 
change in the environment factor goes beyond the threshold. 
After crossing this threshold, sensor nodecontinuously senses 
data and report for even a small change in the factor too. this 
leads to lesser message transmissionto BS hence 
improvement in network lifetime. Authors in [1] proposed 
routing protocol by forming a chain among the sensor nodes of 
the network. No criteriawere defined while forming the chain 
among the nodes resulting in more transmission delay. Also, if 
one node dies inbetween the functioning, data of the whole 
network is lost. Tan et al. proposed PEDAP [20], a minimum 
spanning tree-based protocol. This method was centralized 
algorithmgoverned by the BS. This technique was used for 
data gathering and also for computing routing information. All 
computational tasks were done by BS and during the 
operation dead nodes were also discarded after certain 
numberof rounds. Authors in [21] proposed tiering scheme 
based on distance of nodes from BS. Nodes closer to the BS 
are in thehigher tiers and are preferred for data transmission 
to BS. These nodes aggregate data of the network and 
transfer datato BS on rotational basis. Authors in [22] created 
minimum spanning tree among the sensor nodes to reduce 
transmission energy to its leastlevel. This scheme was 
incorporating least cost of the network along with having some 
transmission delay in terms ofnumber of nodes in the network. 
Authors in [23] concentrated on the sensor network with the 
mobility of the nodes for data sources as well as sinksin a 
direction. Nodes and sink use a predefined path and data 
delivery was scheduled according to the position of theink 
resulting improvement in network lifetime. Authors in [24] 
proposed a centralized tree based routing approach in which 
clusters was uniformly formed. Selection of Ch is done by BS 
and is based rotational basis. Along with rotation, node with 
higher energy is consideredas a parameter for the candidate 
of CH. Main aim of the approach is to transmit the data to BS 
in multi-hops byminimizing the distance between the 

communicating nodes. Author in [25] worked on 
heterogeneous WSN where a relay node with higher energy 
transmits aggregated data toBS. The nodes were connected 
with each other by forming Minimum spanning tree to transmit 
packet to a relay nodewhich transmits aggregated data to BS. 
This scheme was intern able to double the network lifetime in 
context with itshomogeneous counterpart. Author in [26] 
worked on clustered Heterogeneous Sensor Networks with 
Mobile Sink with minimum spanning treestructure. Nodes with 
High Energy (HE) were used as CH & that with Low Energy 
nodes as Non-CH. Data is gatheredwith the help of a mobile 
sink circulated around the network. This scheme transmits 
data in 5 hops to BS. 

 
3 DIFFERENT ROUTING STRUCTURES UNDER 

CONSIDERATION 
Routing is the process of transmitting the data from source to 
destination. These packets can be forwarded to 
destinationeither directly to sink or via multi-hops. In Multi-hop 
based techniques data is transmitted to sink by going 
throughmultiple nodes. At each node data gets aggregated 
and then in turn forwarded to next node. Few routing 
techniquesworking in different structures are as given below. 

 
3.1 Two Layered Heterogeneity [27] 
This routing protocol works on uniform placement of node in 
the area of interest. All the nodes are placed at equaldistance 
from each other. Center most node in each cluster will act as 
cluster head. All CHs are of higher energy than restsensor 
nodes. These nodes are responsible for receiving the data of 
the network, aggregating the data and transmitting itto BS. The 
scheme is static routing scheme where all nodes transmit data 
to their respective CH only. Higher energy ofCH nodes leads 
to better lifetime of the network. Only 4% of the nodes were 
used as CH and the same structure is easilyexpandable in 
terms of number of nodes as well as network area. Network 
deployment of TLH is illustrated in figure 1. 

 

 
 
3.2 Two Virtual Tier Structured Grid based 

RouteAdjustment scheme for mobile basedWireless 
Sensor Networks (VTGDRA) [28] 

Virtual Tier Grid based dynamic routing scheme is based on 
partitioning the network into various isolated grids, where 
working of each grid is considered isolated from each other. 
Each Grid is further divided into 3 tiers based on the distance 
from center of the grid. Further data transmission among 
nodes of grid is based on minimum spanning tree structure 
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based connectivity. One elected head node will transmit data 
to the BS. Role of head node is kept on rotating based on the 
predefined threshold. This structure disperses the load to all 
nodes of the network and possesses healthynetwork lifetime. 
Connectivity structure of VTGDRA is shown in figure. 
 

 
 

 
 
3.3 Cluster Based [18] 
This technique is based on dividing the network area into 
different clusters, where every cluster contains a CH, few set 
of nodes that are under the transmission range of CH. Cluster 
set up, and CH is changing after every round. All nodes are 
homogeneous, report their data to their CH. CH aggregates, 
and transmit data to BS. One round of operation under this 
scheme is shown in figure 3. 

 
 
 
 
 
 
 
 
 
 

 
 

3.4 Minimum Spanning Tree [29] 
This chain based routing technique arranges all nodes of the 
network under a linear fashion. Considering transmission cost 
between nodes as cost of the edge, all nodes are connected in 
MST structure. Each node receives data from another node, 
aggregates data and transmits to next node of the networkThe 
scenario is shown in figure 4. While implementing this 
proposed technique, nodes can be placed either manually or 
scattered around the field randomly. All nodes under this 
protocol are considered homogeneous in terms of energy as 
well as processing capacity. 

 
 
3.5 4-way binary tree 
This routing protocol poses full binary tree connectivity among 
the nodes of the network. BS fixed at the center of thenetwork 
acts as root of the tree. Every node just transmits the data to 
its parent node only. Parent after aggregating thedata in turn 
further transmits data to its parent. This process is repeated till 
data reaches to BS. Structure connectivity is shown in figure 5. 
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Advantage of the protocol is scalability, small end-to-end delay 
and good network lifetime. if n is the height of the tree,2n+2 
more nodes can be added to the network by just increasing 
one more level, also adding one more level increase 
hop count by one unit only. 

 

4 RADIO MODEL AND SIMULATION SETUP 
For simulating the proposed technique first order radio model 
is used as presented in figure 6. This model consists 
oftransmitter, receiving, aggregation energy for the purpose of 
transmitting the data, receiving the data and aggregatingthe 
data. Along with this three energy consumptions, sensor node 
also consumes energy in running the electronic 
 

 
 
These energy consumptions are calculated asTransmission of 
data [8] 
 

ETx(k, d) = Eelec* k+ Eamp* k,    (1) 
Where Eamp is the amplification energy so total transmission 
cost is elaborated as: 
 

(2) 

Where εfs, εpmare free space and multi path space coefficients 
 
Receiving the data 

ERx(k, d)=Eelec* k (3) 
Aggregating the data 

EDA(k)=5 * 10 
-9

* k (4) 
 
Based on this radio model different routing structures as 
presented in section 3 are simulated and analyzed based 
on the parameters depicted in Table 1. 
 

 
5 RESULT & DISCUSSION 
Various routing schemes are implemented based on the 
parameters of Table 1. 

 

 
Lifetime comparison analysis is shownin Figure 7. Different 
routing schemes are presented with different color. Figure 
depicts round number in which nextnode stops operating. A lot 
of variation can be observed in the lifetime of the presented 
protocols. This variation is due to difference in connectivity 
structure of the sensor nodes as well as communication 
patternamong them. These cluster/ hierarchical/ Chain based 
techniques also differ in data reporting time to the sink [28-31]. 
Chain based techniques (VTGDRA, MST) poses better lifetime 
but suffers with long transmission delay. Whilecluster/ 
hierarchical based routing techniques (TLH, cluster, 4-way 
tree) transmits data in few hops along with retaininggood 
lifetime. Two main comparisons are VTGDRA and 4-way tree, 
although VTGDRA possesses better lifetime but still 4-waytree 
seems to be consistent for its network lifetime from start till 
end. Also, 4 way tree has much better stable lifetimethan rest 
presented techniques. 

 
Table 2: Result Comparison 

Node No. 
Round 

TLH VTGDRA 4 way tree cluster MST 

1% 5869 4730 9394 3784 7513 

20% 7038 5951 9583 4596 7553 

50% 7538 7449 9695 5145 7585 

100% 8438 10634 9883 7990 7610 

 
Table 2 represents round number of operation in which a node 
stops operating. Network is said to be stable when allnodes 
are in working state. Same is also depicted in Figure 8 in 
terms of bar graph, where each bar is representingdifferent 
routing technique. 
 

Parameter  Value 

Eelec 50nj/bit 

EData Aggregation  5nj/bit/signal 

Efree space  10pj/bit/m2 

Emulti path  0.0013pj/bit/m4 

Packet size  2000 bits 

Sensing area 100 * 100 

BS(X, Y) 50,50 

Number of Nodes 120 

Network Energy 192 J 
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6 CONCLUSION 
This paper presents different structures routing techniques and 
analyze them in context of network lifetime as well aspacket 
transmission to sink. Chain based routing techniques seems to 
have a good lifetime but long transmission delay. 
On the other side, cluster based and hierarchical routing 
techniques compromises with network lifetime but 
reducespacket delay. Packet reporting is an important 
parameter for time critical applications. 4-way tree based 
techniquebalances these two factors where network lifetime is 
as good as in chain based routing techniques with data 
reportingto sink in just O(lg(n)) hops. 
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