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Abstract— In the recent years, Wireless Sensor Network (WSN) is one of the prime topics that acquired a lot of attention. 
The main cause behind gaining so much attention by the researchers and actual users is due to its ability to establish network 
and hold the network intact under harsh conditions such as battlefield, seabed, desert, etc. Research challenges in WSN 
include developing routing protocols, obstacle detection, energy conservation, localization etc. This paper concentrates on 
routing techniques involved in WSN that considers both static and mobile sensor nodes. We have thrown light not only on 
routing protocols which might vary based on the implementation and network architecture, but also on future directions of 
research on development of routing protocols for WSN. 
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I. INTRODUCTION  
 
A wireless sensor network (WSN) is a network 
consisting of low cost sensor nodes deployed over a 
certain geographical region. These sensor nodes are 
minute devices that are capable of sensing, processing 
and transmitting data by wireless communication with 
the help of different existing routing protocol. The 
nature of these nodes is either static or mobile and 
network may be non-architecture based or specific 
architecture based. Twenty-first century has been   so 
far a great phase in devolvement of WSN protocols 
which includes protocols based on different epidemic, 
environmental disaster, area monitoring etc. issues. As 
the application of WSN is increasing day by day there 
will be always a reliability issue related with it which 
is the today’s challenges in WSN field. The remainder 
of this paper is organized as follows. In Section 1, we 
describe the overview of WSNs. Related work on 
different routing protocols and performance 
comparisons between these approaches are provided 
in Section 2. section 3 consists of conclusion. and 
some open issues related to routing protocols in WSN. 
 
II. OVERVIEW OF WSN 
 
In WSN sensors are ubiquitously present everywhere, 
among these there are some monitoring node which 
does some extra activity other than sensing 
information. These nodes are called head  or cluster 
head (CH) nodes. These nodes not only receive and 
transmit data but it acts as a bridge between Cluster 
and Base station (BS) or sink. Fig. 1 Shows the 
working mechanism of a sensor node 

  
Fig.1 The components of Sensors 

 
III. RELATED WORK 
 
In the literature many WSN Protocol has been 
suggested which can be classified as Non-architecture 
based and Architecture based. Routing protocols 
without a specific architecture (DSR, PEGASIS) are 
more suitable for WSNs with small deployment areas 
since a Multi-hop routing mechanism is simply used 
to transmit data from sensor nodes to the sink. The 
architecture of clusters is one of the most well-known 
architectures which have been so far proved to be 
best in terms of energy conservation.  
 
A. Low energy adaptive clustering Protocol 
(LEACH): 
LEACH was first which implemented CH concept for 
efficient energy utilization.CH are chosen by 
randomly choosing number  between 0 and 1,if 
number is less than a threshold number.CH nodes 
aggregates all the data from other member node of 
cluster and transmits the compressed data to the BS 
as single signal, hence proving energy efficiency. But 
LEACH does not support mobility of sensor nodes 
and also does not say about the localization of nodes 
making it difficult to cope with today’s demand. Also 
in LEACH new cluster formation is initiated in every 
round followed by new CHs and non-CH nodes 
which are meant to communicate with those CHs 
making energy dissipation large. Although LEACH is 
not highly energy efficient protocol but it has been 
“Mother of other Cluster based Protocol”, thus 
inherited. 
 
B. LEACH-Centralized (LEACH-C): 
LEACH-c uses the same steady state as LEACH and 
uses a centralized clustering algorithm. LEACH uses 
distributed cluster formation algorithm, which offers 
no guarantee about the placement and/or number of 
cluster head nodes. However having a centralized 
control provides may produce better cluster with 
proper deployment of sensors nodes. In LEACH-C 
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set-up phase each node sends its location and energy 
level to BS.LEACH-C delivers 40% more data per 
unit energy than LEACH because the BS has global 
knowledge of the location and energy of all nodes in 
the network. So, it can produce better cluster require 
less energy for data transmission. LEACH-C resolves 
the problem of uncertain number of CHs in LEACH 
by using simulated annealing algorithm. So far 
LEACH-C is better in comparison to LEACH but it 
has some disadvantage i.e. it does not fit for large 
scale network, dependent on BS and inability to 
support mobile sensors.  

 
C. LEACH-H (Hybrid Cluster Head Selection 
LEACH): 
LEACH-H combines the advantages of LEACH and 
LEACH-C. It resolves the drawback of LEACH 
(uncertainty in Number of CHs) by selecting CH at 
first round by BS itself moreover in further round it 
selection of a cluster head for Cluster is done by a the 
Current CH which eradicates the issue of dependence 
on BS in LEACH-C. LEACH-H increases the 
survival time of network and extent of load-
balancing. LEACH-H composed of “Initialization of 
Cluster” and “Reconstruction of Cluster”, simulated 

annealing algorithm is used to select the optimized 
CH in first round i.e. Cluster initialization phase and 
in Reconstruction phase Cluster head is selected by 
Current CH. However LEACH-H does not say 
anything about whether there will be separate TS for 
cluster head selection in TDMA scheduling. 
 
D. A Hybrid, Energy-Efficient Distributed 
Clustering Approach (HEED): 
HEED periodically selects cluster heads according to 
a hybrid of the node residual energy and a secondary 
parameter, such as node proximity to its neighbours 
or node degree. The maximum number of iterations 
that HEED may take at any node is 12. HEED takes 
six iterations to terminate for all cluster ranges. 
HEED achieves a connected multihop intercluster 
network when a specified density model and a 
specified relation between cluster range and 
transmission range hold. It can be applied to the 
design of several types of sensor network protocols 
that require scalability, prolonged network lifetime, 
fault tolerancne, and load balancing. The drawback of 
HEED is that this algorithm sticks to two-level 
hierarchy. 

 
Table1:  survey on routing protocols based on selected features 

 
E. Threshold sensitive Energy Efficient sensor 
Network Protocol (TEEN): 
TEEN is a first energy efficient protocol for reactive 
network. In TEEN, Time critical data reaches the user 

almost instantaneously. So, this scheme is eminently 
suited for time critical data sensing applications. The 
Message transmission in TEEN consumes much more 
energy than data sensing. So, even though the nodes 
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sense continuously, the energy consumption in this 
scheme can potentially be much less than in the 
proactive network, because data transmission is done 
less frequently. In TEEN, at every cluster change 
time, the attributes are broadcast afresh and so, the 
user can change them as required. The main 
drawback of this scheme is that, if the thresholds are 
not reached, the nodes will never communicate; the 
user will not get any data from the network at all and 
will not come to know even if all the nodes die. 
Another possible problem with this scheme is that a 
practical implementation would have to ensure that 
there are no collisions in the cluster. 
 
F. Adaptive Periodic Threshold-sensitive Energy 
Efficient Sensor Network (APTEEN): 
APTEEN combines both proactive and reactive 
policies. It offers a flexibility of allowing the user to 
set the time interval and the threshold values for the 
attributes. Energy consumption can be controlled by 
the count time and the threshold values. The hybrid 
network can emulate a proactive network or a 
reactive network, by suitably setting the count time 
and the threshold values. APTEEN provides lower 
dissipation value of energy and a higher number of 
alive nodes at any given time. It also provide periodic 
data collection as well as near real-time warnings 
about critical events. The main drawback of this 
scheme is the additional complexity required to 
implement the threshold functions and the count time. 
However, this is a reasonable trade-off and provides 
additional flexibility and versatility. 

 
G. Dynamic Source Routing (DSR): 
DSR offers a number of potential advantages over 
conventional routing  protocols. It uses no periodic 
routing advertisement messages, thereby reducing 
network bandwidth overhead, particularly during 
periods when little or no significant host movement is 
taking place. A number of optimizations are possible 
to the basic operation of route discovery and route 
maintenance. Some of them are full use of the Route 
Cache, Piggybacking on Route Discoveries, 
Reflecting Shorter Routes and Improved Handling of 
Errors. DSR adapts quickly to routing changes when 
host movement is frequent. The disadvantage of this 
protocol is that, it is not scalable, too much network 
overhead, collision by neighbouring nodes and reply 
storm problem. 
 
H. Power Efficient gathering in Sensor 
Information System (PEGASIS): 
 The key idea in PEGASIS is to form a chain among 
the sensor nodes so that each node will receive from 
and transmit to a close neighbour. The PEGASIS 
protocol achieves between 100 to 300% improvement 
when 1%, 20%, 50% and 100% of nodes node die 
compared to the LEACH protocol. PEGASIS, a 
greedy chain protocol that is near optimal for a data-
gathering problem in sensor networks. PEGASIS 

outperforms LEACH by eliminating the overhead of 
dynamic cluster formation, minimizing the distance 
non leader-nodes must transmit, limiting the number 
of transmissions and receives among all nodes, and 
using only one transmission to the BS per round. 

 
I. Dynamic Static Clustering (DSC) Protocol: 
 DSC is same as LEACH but having some differences 
such as in DSC BS forms clusters and selects CH for 
each cluster on the basis of energy levels and 
positions of sensor nodes, a non-CH node transmits 
data to CH only in the allocated TS and saves energy 
in other TS by turning its radio off and new Cluster 
formation is done after a certain round (i.e.10) instead 
of every round’s end. The incapability to support the 
mobility of sensors is again a great disadvantage of 
DSC protocol which was rectified in descendant 
protocols. 

 
K. Low energy adaptive clustering Protocol-
Mobile (LEACH-M): 
In LEACH-Mobile (LEACH-M) routing protocol 
cluster formation and CH selection mechanism is 
same as LEACH. It clearly copes with the drawbacks 
of earlier protocol i.e. support for mobile sensor 
nodes further it treats data as vital information. Thus 
it allocates two timeslots (TS) for all non-CH nodes 
and the facility of JOIN-ACK message when they are 
in the vicinity of other cluster. If a non-CH node A, 
does not receive  any data request from CH at its 
allocated TS then A goes to sleeping mode(saving 
battery life)  and waits for next frame. Again if A 
does not gets data request then it sends JOIN-ACK 
message to new cluster. However, LEACH-M 
handles node mobility by assuming that the CHs are 
stationary. Hence, LEACH-M is not considered 
efficient in terms of energy consumptions and data 
delivery rate because a large number of packets are 
lost if the CH keeps moving before selecting a new 
CH for the next round. 

 
L. Low energy adaptive clustering Protocol -
Mobile-Enhanced (LEACH-ME): 
LEACH-ME considers all the sensor nodes are 
mobile (including CHs) which was not been 
considered in previous LEACH versions. The CH 
selection procedure encapsulates “mobility factor” 
and “residual energy” constraints. A node with the 
minimal mobility factor is selected as a CH, if the 
residual energy of the node is not below a threshold 
value. It also provides two TS facility(like LECH-M) 
for non-CH node further providing an extra ACTIVE 
time slot during TDMA scheduling where all member 
nodes wake up simultaneously, broadcast their IDs 
with timestamp information and receive their 
neighboring nodes IDs by setting a time out. 
However in LEACH-ME ACTIVE slot are entirely 
for mobility factor calculation hence not energy 
efficient. 
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M. Reliable location-aware routing protocol for 
mobile wireless sensor network (LFCP-MWSN): 
The LFCP-MWSN is based for mobile sensor nodes 
assuming CH is static after it has been selected as CH 
for new cluster, all nodes have the same initial energy 
level and nodes are equipped with GPS.LFCP-
MWSN encapsulates the feature of LEACH-M (i.e. 
using Two TS for non-CH nodes), DSC (new cluster 
formation after a certain round) and rectifying 
LEACH-ME i.e. not using ACTIVE time slot rather 
using extra timeslot for those CH-node which are 
newly arrived in others clusters. LFCP-MWSN a uses 
a concept of “small sized special packet” which 
enables the non-CH nodes to poke the CH even in 
off-time notifying the CH that it is still alive or within 
the range of CH. The drawback of LFCP-MWSN is 
that it does not provide any clue if the CH is 
destroyed. 

 
N. Cluster Based Routing Protocol for Mobile 
nodes (CBR-M): 
CBR-M is an adaptive protocol that avoids wastage 
of timeslots and hence ensures efficient bandwidth 
utilization. In CBR-M each TS is assigned with 
“original owner” and “alternate owner”, at the 
beginning of TS CH sends data request packet to both 
owner if “original sensor” has the data it switches on 
its radio transmitter and sends data and at the end of 
transmission, it switch off its radio. Hence wastage 
timeslot is avoided, however CBR-M has more 
average delay as compare to other Cluster base 
protocol like LEACH-M.  

 
O. Mobile sink routing protocol (MSRP): 
MSRP can be applied to cluster-based wireless sensor 
networks to improve the overall life time of the 
WSNs. In MSRP each sensor node in the network 
will exchange information regarding its own 
geographical address and the status of energy supply 
with one another, save all relevant information, and 
establish a Neighbour Information Table (NIT), 
which will then be utilized for future operations, such 
as the selection of cluster head nodes and data 
dissemination, in the initialization stage of the 
network. MSRP is capable of efficiently distributing 
the energy consumption in different phases of 
operations. It is able to not only extend the lifetime of 
the entire sensor network, but also improve the 
efficiency of the whole routing protocol. MSRP have 
four main phases as follows：Clustering Phase (CP), 
Register Phase (RP), Data Dissemination Phase 
(DDP) and Maintenance Phase (MP).The drawback 
of this protocol is there is no delay of data 
transmission considered. 

 
P. Reliable Energy Aware Routing (REAR): 
REAR attempts to take precaution against errors, 
instead of finding a solution after encountering the 
errors. In a stable transport environment, where 
retransmissions can be decreased, reliability can be 

provided with lower energy consumption. REAR 
provides a robust transmission environment based on 
the energy-aware routing and energy-reservation 
mechanisms at the network layer and provides 
reliable transmission at the transport layer. 
The algorithm is comprised of: Path Discovery, 
including Service Path Discovery (SPD) and Backup 
Path Discovery (BPD); Energy Reservation, 
including Service Path Reservation (SPR) and 
Backup Path Reservation (BPR); Reliable 
Transmission (RT) and Reserved Energy Release 
(RER). All transmissions can be switched to the 
backup path seamlessly when the service path is 
broken; as a result, this reduces the risk of data loss 
and delivery delay. The disadvantage of this protocol 
is the number of control messages in a Traditional 
scheme is higher than REAR by up to 66%. 

 
Q. Graphical adaptive fidelity (GAF):  
GAF uses location information and virtual grids to 
determine node equivalence. In GAF, node exchange 
grid IDs to adjust their duty cycle. Size of virtual 
grids based on the nominal radio range R. 
r2+2r2<=R2 

r<=R/√5 
r=side of virtual grid. 
 In GAF, the network lifetime is proportional to the 
density of node deployment. One node in each grid 
will active while the rest sleep. GAF shows 40% to 
60% less energy consumption than an unmodified ad 
hoc routing protocol.GAF has three state transitions. 
They are sleeping, discovery, active.  

 
IV. CONCLUSION AND OPEN ISSUES 

 
Routing in sensor networks has attracted a lot of 
attention in the recent years and introduced unique 
challenges compared to traditional routing in wired 
networks. In this paper, we have summarized recent 
research results on  routing in sensor networks and 
classified the approaches into several categories, 
namely routing with static nodes, routing with mobile 
nodes., and location-based,power usage .etc. Few 
other protocols followed the traditional network flow 
and QoS modeling methodology. Other possible 
future research for routing protocols includes the 
integration of sensor networks with wired networks 
(i.e. Internet). Most of the applications in security and 
environmental monitoring require the data collected 
from the sensor nodes to be transmitted to a server so 
that further analysis can be done. 
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