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Abstract 

A Wireless Sensor Network (WSN) is an infrastructure comprised of sensing (measuring), computing, and communication 
elements that gives an administrator the ability to instrument, observe, and react to events and phenomena in a specified 
environment. As these nodes are battery operated so energy management is very crucial in WSN. There are many protocols 
proposed for routing in WSN which may differ in their data aggregation schemes. This paper comprises of brief description of 
several routing protocols and aims at performing analysis of various data aggregation schemes used in WSN routing and giving 
an outcome that consists of all the pros and cons of various routing mechanisms 

 

1. Introduction 

Wireless sensor networks consist of small nodes with sensing, computation, and wireless communications 
capabilities. Many routing, power management, and data dissemination protocols have been specifically designed 
for WSNs where energy awareness is an essential design issue. A wireless sensor network is a collection of nodes 
organized into a cooperative network as shown in figure 1 [1]. Each node consists of processing capability (one or 
more microcontrollers, CPUs or DSP chips), may contain multiple types of memory (program, data and flash 
memories), have a RF transceiver (usually with a single Omni- directional antenna), have a power source (e.g., 
batteries and solar cells), and accommodate various sensors and actuators[2].  
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Figure 1: Example of WSN 

 
2. Routing in wireless sensor networks 

 

Routing protocols in WSNs [3] might differ depending on the application and network architecture. 

Overall, the routing techniques are classified into three categories based on the underlying network structure: flat, 

hierarchical, and location-based routing. Furthermore, these protocols can be classified into multipath-based, query-

based, negotiation-based, QoS-based, and coherent based depending on the protocol operation. 

 

2.1 Flat Network Routing Protocol 

 

The first category of routing protocols is the multi-hop flat routing protocols. In flat networks, each node 

typically plays the same role and sensor nodes collaborate to perform the sensing task. Due to the large number of 

such nodes, it is not feasible to assign a global identifier to each node. This consideration has led to data-centric 

routing, where the BS sends queries to certain regions and waits for data from the sensors located in the selected 

regions.  

 

2.2 Hierarchical Network Routing Protocol 

 

Hierarchical Network Routing Protocol originally proposed in wire line networks, and is well-known 

techniques with special advantages related to scalability and efficient communication. In a hierarchical architecture, 

higher-energy nodes can be used to process and send the information, while low-energy nodes can be used to 

perform the sensing in the proximity of the target. The creation of clusters and assigning special tasks to cluster 

heads can greatly contribute to overall system scalability, lifetime, and energy efficiency. 
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Hierarchical routing is an efficient way to lower energy consumption within a cluster, performing data 

aggregation and fusion in order to decrease the number of transmitted messages to the BS. Hierarchical routing is 

mainly two-layer routing where one layer is used to select cluster heads and the other for routing.  

 

2.3 Location Based Routing Protocols 

 

In this kind of routing, sensor nodes are addressed by means of their locations. The distance between 

neighboring nodes can be estimated on the basis of incoming signal strengths. Relative coordinates of neighbouring 

nodes can be obtained by exchanging such information between neighbours. Alternatively, the location of nodes 

may be available directly by communicating with a satellite using GPS if nodes are equipped with a small low-

power GPS receiver. To save energy, some location-based schemes demand that nodes should go to sleep if there is 

no activity. More energy savings can be obtained by having as many sleeping nodes in the network as possible.  

 

3. Different data aggregation schemes 

 

3.1 Direct Communication Protocol (DCP) 

 

Using a direct communication protocol [4], each sensor node sends its data directly to the base station. If 

the base station is far away from the nodes, direct communication will require a large amount of transmit power 

from each node (since energy dissipation is directly proportional to square of distance). This will quickly drain the 

battery of the nodes and reduce the system lifetime. It will lead to a situation where nodes far away from BS will die 

very quickly and thus reducing the overall network lifetime and degrades the performance. However, the only 

receptions in this protocol occur at the base station, so if either the base station is close to the nodes, or the energy 

required to receive data is large, in this scenario direct communication may be an acceptable method of 

communication. 

 
Figure 2: Nodes farther from BS dies 
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3.2 Minimum transmission multicast routing protocol (mte) 

 

The one-to-many communication (multicast routing-MTE) [5] is used as an alternative approach to direct 

communication in WSNs, in which a source node sends messages to multiple sinks; or it may be defined as 

distribution of control message from a sink to a set of sensor nodes. One straightforward way to provide the one-to-

many communication is through the flooding. With this approach, the data packet is sent throughout the network, 

and every node that receives this packet only broadcasts it to its immediate neighbors once.  

 

 

 
Figure 3: Nodes closer from BS dies 

  

However, this approach is too costly for the resource constrained WSNs since a number of duplicate 

packets are sent and it is observed that in multicast routing, due to duplicity of these messages nodes closer to the 

BS have to bear a large load for receiving and thus will die very quickly which will again reduces the overall 

network lifetime and degrades the performance. 

 

3.3   Low energy adaptive clustering hierarchy (LEACH) 

 

LEACH [6] is organized in rounds, each of which consists of a setup phase and a steady state phase. In the 

setup phase, each sensor node randomly chooses a number between 0 and 1. If the chosen number is less than the 

value of the threshold denoted by T (n), the node n declares itself a CH.  
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Where p is the desired percentage of CHs (e.g. 0.05); r represents the number of current round; and G refers 

to the set of nodes that have not served as the CH in the last 1/p rounds.  

 

Sensor nodes join the CHs that are closest to them based on the signal strength of the CHs, and thus, 

several clusters may be formed. The CH arranges a TDMA (Time Division Multiple Access) schedule [7, 8] for its 

cluster members and assigns different time slots to cluster members accordingly. In steady state phase, cluster 

members transmit the collected data in the allocated time slot, while the CH processes data aggregation before 

passing the obtained data to the BS via single-hop. 

 

The advantages of LEACH include the following:  

i) CHs collect data forwarded by cluster members before passing the data to the BS, thus power consumption 

decreases;  

ii)  Any node that served as a CH in certain round cannot be selected as the CH again, so each node can equally 

share the load imposed upon CHs;  

iii) Utilizing a TDMA schedule prevents CHs from unnecessary collisions; and  

iv) Cluster members can open or close communication interfaces in compliance with their allocated time slots to 

avoid excessive energy dissipation. 

 

Figure 4: Clustering in LEACH 

 

3.4 Multi-hop routing with low energy adaptive clustering hierarchy (MR-LEACH) 

 

Multi-hop routing with low energy adaptive clustering hierarchy (MR-LEACH) [9] protocol aims to reduce 

the energy dissipation of sensor nodes by adaptively increasing the clustering hierarchy. In MR-LEACH, CHs are 

responsible for collecting the data from cluster members and acting as relaying nodes for CHs at lower-layers to 
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transmit data to the BS. This protocol prolongs network lifetime because transmission is based on multi-hop routing 

from lower layers toward higher-layers. 

 

3.5 Base Station Controlled Dynamic Clustering Protocol (BCDCP) 

 

As mentioned above, LEACH relies on probability to determine whether a sensor node is to be a CH or not. 

Clusters are formed based on the control signals, yet it may become a load to sensor nodes with limited power. In 

view of this, BCDCP [10] relies on the BS to process CH selection and cluster setup; therefore, the sensor nodes are 

responsible for sensing and relaying data only. BCDCP works with two phases: setup phase and data communication 

phase. 

The main activities in setup phase are cluster setup, CH selection, CH-to-CH routing path formation, and 

schedule creation for each cluster. The BCDCP uses a balanced clustering technique to ensure that all clusters have 

approximately the same number of sensor nodes. 

In data communication phase, sensor nodes inside the cluster sense and pass the data during their 

designated time slot to the CHs. The CHs run data aggregation and pass the obtained data to the next CH through the 

calculated transmission path. 

The advantages of BCDCP include the following:  

i) Clusters and transmission paths are constructed by the BS to reduce energy dissipation of sensor nodes, and  

ii) TDMA is employed to schedule the time slots of cluster members. 

 

3.6     PEGASIS (Power-Efficient GAthering in Sensor Information Systems) 

 

The main idea in PEGASIS [11] is for each node to receive from and transmit to close neighbors and take 

turns being the leader for transmission to the BS. This approach will distribute the energy load evenly among the 

sensor nodes in the network. It initially places the nodes randomly in the play field, and therefore, the ith node is at a 

random location. These nodes will be organized to form a chain, which can either be accomplished by the sensor 

nodes themselves using a greedy algorithm starting from some node. Alternatively, the BS can compute this chain 

and broadcast it to all the sensor nodes. The idea in nodes die at random places is to make the sensor network robust 

to failures. It performs data fusion at every node except the end nodes in the chain. Each node will aggregate its 

neighbor’s data with its own to generate a single packet of the same length and then transmit that to its other 

neighbor. 

 

PEGASIS improves on LEACH by saving energy in several stages and approximately 2x the number of 

rounds compared to LEACH. 
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3.7 Arranging Cluster Range and Transmission Ranges for WSN (ACT) 

 

It is a cluster-based routing protocol called ‘‘arranging cluster sizes and transmission ranges for wireless 

sensor networks (ACT)’’ [12]. The aim is to reduce the size of clusters near the base station (BS), as CHs closer to 

the BS need to relay more data. This method allows every CH to consume approximately the same amount of energy 

so that the CHs near the BS do not exhaust their power so quickly.  

ACT determines the size of a cluster for each CH according to the distance between the cluster and the BS 

(the closer the CH and the BS is, the smaller the cluster). Through this approach, the load imposed on the CH around 

the BS can be alleviated.  

 

 

 

Figure 5: Hierarchical Cluster in ACT  

 

The main steps of this protocol are summarized as follows: 

• Calculating each cluster radius based on the relaying load of CH 

• Utilizing cross-level transmissions to prolong network lifetime 

 

In ACT, clusters in the 1st level are the smallest in size. If the sensor nodes within a cluster take turns serving as 

CHs, the process may end up quickly, as there are not enough sensor nodes. When the BS is aware that each sensor 

node in the 1st level can no longer serve as a CH, it broadcasts a message to allow the CHs in the 2nd level to 

transmit data to the BS directly (the same for 3rd level, 4th level, . . ., Kth level). In this way, the network lifetime 

can be prolonged. 
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4. Performance analysis of routing protocols 

 

 PROS CONS 

DCP 

Simple & Easy to 
implement 

Large Energy 
dissipation 

Overall Delay is 
reduced 

Reduced 
Network 
Lifetime 

MTE 

Multipath 
propagation 

Overload on 
nodes near to 
BS 

Load Balancing Delay 
Increases 

BCDCP 

Centralised Control Overload on 
BS 

Reduced Energy 
Dissipation 

Bottleneck 
Congestion 

LEACH 

Cluster Based 
Approach 

CH are heavily 
loaded  

Load Sharing using 
probabilistic CH 
determination 

Reduction in 
overall network 
lifetime 

MR-
LEACH 

Multi-hop Routing Complex to 
implement 

Layered 
Architecture with 
relaying  

Large Delay 

PEGASIS 

Uses greedy chain 
strategy for 
communication 

Delay in 
determination 
of CH 

Near optimal 
performance 

Overload on 
CH 

ACT 

Prolonged Network 
Lifetime 

Complex to 
determine no. 
of clusters 

Cross Level 
Transmission 

Overload on 
nodes near to 
BS 
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5. Conclusion 

Analysing above different routing protocols which differ in their data aggregation schemes we may 

conclude that all these protocols are application specific i.e. all above are having some advantages as well as 

disadvantages with them but we cannot state that which one is best and which is not appropriate.  

Another major achievement of this research is that we may extend this analysis for further calculations of 

first node die, half node alive and last node die. This study will help in determining the actual behaviour of all these 

routing protocols as we have already mentioned that all these protocols are application specific and they can 

effectively be used in the given scenarios as required. 
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