
 

J. Basic. Appl. Sci. Res., 4(2)43-53, 2014 

© 2014, TextRoad Publication 

ISSN 2090-4304 
Journal of Basic and Applied  

Scientific Research 
www.textroad.com 

 

*Corresponding Author: Nadeem Javaid, COMSATS Institute of Information Technology, Islamabad, Pakistan, 
www.njavaid.com. 

A New Advanced Energy Efficient Routing Protocol for UWSNs 
 
F. Najeeb1, Z. A. Khan2, U. Qasim3, Z. Najam1, J. Ikram1, S. H. Ahmed4, M. J. Ashraf1, N. Javaid1,* 

 

1COMSATS Institute of Information Technology, Islamabad, Pakistan 
2Internetworking Program, FE, Dalhousie University, Halifax, Canada 

3University of Alberta, Alberta, Canada 
4SCSE, Kyungpook National University, Korea 

Received: December 25, 2013 
Accepted: January 19, 2014 

ABSTRACT 
 

The protocols proposed for Underwater Wireless Sensor Networks have addressed various issues concerning the 
unique characteristics of the Underwater Wireless Sensor Networks environment. Particularly,  improving the 
network lifetime and balanced energy consumption is an important issue in Underwater Wireless Sensor Networks.  
Replacement of the batteries of underwater nodes is very expensive due to harsh underwater environment.  In order 
to,  handle the problem of network life time,  balanced energy consumption and unreliable link quality; many 
authors proposed multi hop data delivery routing protocols like, Depth Based Routing (DBR)  protocols,  Energy 
Efficient Depth Based Routing (EEDBR) protocol and Hop by Hop Dynamic Addressing  Based (H2-DAB)  
protocols.  However,  in such multi hop routing protocols the initial energy of nodes is same and the ones nearer to 
sink drain energy quickly as compared to distant nodes.   
In this paper, we implemented our proposed protocol called Advance Energy Efficient Depth Based Routing 
protocol  (AEEDBR) which not only distributes energy evenly throughout the network for all the nodes but also 
helps to improve network lifetime, as nodes nearer to sink consume more energy than nodes away from sink in DBR 
protocol and EEDBR Routing protocol.  Moreover, our proposed protocol does not require any location information 
of nodes and only a limited number of nodes are involved during the packet forwarding process. 
KEYWORDS: Wireless Multi-Hop Networks, UWSNs, RES energy. 
  

1. INTRODUCTION 
 

Total earth surface contains about 70% water.  A lot of world’s population is living within the 50   km of 
coastal zone. Major part of ocean still remains unexplored because only less than 10% of the ocean volume has been 
explored yet. UWSNs, is group of sensing devices and vehicles deployed underwater. These devices perform 
different tasks by communicating with each other via acoustic modems. A large number of Autonomous Underwater 
Vehicles (AUVs), equipped with different devices are used in various applications like, scientific data gathering 
during missions, monitoring marine ecosystems affected by humans, undersea explorations of oil fields, distributed 
tactical surveillance,  etc. To make all of these applications effective, underwater communication is needed among 
underwater sensing devices. UWSNs consist of a variable number of sensing devices and vehicles that are equipped 
with acoustic modems. These nodes are deployed in a specific area to perform monitoring and data gathering tasks. 
 

1.1   LIMITATIONs IN UWSNs 
 

The traditional approach for ocean monitoring is to deploy underwater sensors in a specific area that record 
data during the monitoring mission, and then recover these sensors. This approach is not feasible for time critical 
applications and has many disadvantages such as: 

i. Real time monitoring is not possible especially in time critical applications like, seismic monitoring in case 
of tsunami. 

ii. The recorded data cannot be collected before specific time until the sensors are recovered,  
which may happen several months after the beginning of the monitoring mission. 

iii.  No interaction is possible between onshore station and the monitoring sensors directly. In case of failure, it 
may not be possible to detect fault before the sensors are recovered. So, monitoring missions may 
completely fail.  

iv. Limited storage capacity during monitoring missions. 
        

   Therefore, there is a need of such UWSN that can be real time, remotely controlled, reconfigurable and 
interactive with onshore data centers. This can be achieved by connecting underwater sensor nodes by means of 
acoustic wireless links. Major challenges in the design of underwater acoustic networks are: 
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i.  Limited battery life of wireless sensors. 
ii. Solar energy cannot be utilized. 

iii. Limited available bandwidth . 
iv. Channel characteristics,  propagation delays,  multi path and fading problems affect acoustic 

communications. 
v. High bit error rates and temporary connectivity losses. 

 
1.2  DIFFERENCE BETWEEN TERRESTRIAL AND UWSNs PROTOCOLS 

 
 Terrestrial sensor networks and UWSNs has many differences[6].  Firstly,  energy consumptions are 

different because, UWSNs are application specific. Some applications require large data, but infrequently [7].  
Secondly,  for UWSNs,  an important relation exists between link distance,  number of hops,  and reliability.  
Thirdly,  high frequencies are impractical for UWSNs.  Global positioning System (GPS),  can not be used for 
localization.  Distributed GPS free localization or time 
synchronization schemes known as cooperative localization are used in UWSNs. Furthermore, underwater sensor’s 
lifetime is very short.  Because of the above mentioned UWSNs environment 
challenges,  the communication protocols proposed for terrestrial sensors network cannot be used for UWSNs.  
Table. 1 describes power required for transmission and reception of UWSNs acoustic modem UWM3000 and 
ZMN2400 modem used for sensors networks.  
       

Table 1.  Comparison of  power  consumptions in UWSNS and Terrestrials Sensors Networks 
Modem Name UWM 3000 [1] ZMN 2400 [2] 
Tx mode 2 - 8 W 900 MW 
Rx mode 0.8 W 400 mW 

         
There are several routing protocols proposed for terrestrial and UWSNs in recent years. We describe few of 

them in this chapter. Localization based routing protocols are those, in which knowledge about the location of sensor 
nodes is needed. Protocols based on localization information are divided into two categories static and mobile. The 
former are further divided into three types: unknown nodes are static,  while beacons are moving;  unknown nodes 
are moving,  while beacons are static;  both unknown nodes and beacons are static. 

 
   2.     RELATED WORK 
               
 Vector Based Forwarding (VBF) [7], is a localization based routing protocol, in which each packet contains the 
position information of source, sink,  and intermediate nodes. Source, calculates a distance vector starting from itself 
to the sink. The forwarding path is specified by the distance vector from source to the sink.  Distance vector allows a 
controlled number of nodes to participate in data forwarding process.  When a node has packet to send,  it first 
calculates its own position based on the  location  information of  previous sender  available  in  the  received  packet  
and  the Angel of Arrival (AOA) of the sensor to the sink. Nodes residing inside distance vector participate in data 
forwarding process.  In order to overcome node’s mobility, each data packet contains a range field. VBF, measures  
AOA  of  incoming  packet by a special device,  equipped with every sensor.  However,  there are certain limitations 
of VBF. The method of position computation is very difficult and not error free in UWSNs.  In sparse networks,  
performance is affected if no node is available inside the routing vector. 

Hop by Hop Vector Based Forwarding (HH-VBF) protocol,  is the enhancement  of  VBF.  Same technique 
is used for distance vector computation from the source to destination.  HH-VBF distance vector is calculated at 
every hop which,  further mitigates the effect of the sparse density problem. However, localization problem of 
sensor nodes still exists in HH-VBF.   
             Focused Beam Routing (FBR) protocol [9] is another location based protocol.  Routes are dynamically 
established to transmit packets from source to the sink. There are different power levels in FBR. For next candidate 
node selection, the source node multicasts a hello packet within a certain transmission range.  Power levels are 
adjusted according to transmission range.  Hello packets contains position information of the sender and the 
receiver. The receiver nodes reply with their position information. The sender,  chooses the next candidate which is 
closer to the sink on the basis of information received from hello packets.  If,  no reply is received after multicasting 
the hello packet, the source node increases its range by increasing transmission power. The procedure is repeated 
until, a successful delivery reply is received or the maximum transmission power level is reached before any 
acknowledge.  Each forwarding node follows exactly same steps for selection of its next node towards the sink. 
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Directional Flooding Based (DFR) protocol [10], is based on packet flooding. Number of nodes 
participating in data forwarding can be controlled by broadcasting hello packets in a particular region. In  DFR, data 
packet of every node contains information about its own position, the position of its 
one hop neighbors, and the destination. Flooding region, limits amount of data packets to be transmitted. Link 
quality among neighbors is used to decide next candidate.  Further,  DFR mitigates 
the void region problem by allowing to transmit, at least one packet in the data forwarding phase.  An angle between 
the source, current forwarder and the sink is calculated.  Flooding zone,  is decided on the basis of calculated angle 
and the link quality among neighbors. 

In [15],  the authers analyzed the evolution of certain UWSNs routing protocols like VBF, DBR, H2-DAB, 
QELAR [16] etc. in terms of their localization , energy minimization and holding time calculation techniques. Each 
protocol follows certain goals i.e. minimization of energy consumption,  communication latency improvement,  
robustness and scalability etc. In this paper, the authers further  analyzed  approaches and challenges in  designing 
and implementing UWSNs. 
               Depth Based Routing (DBR) [3]  protocol,  is depth based routing protocol in which,  depth is used for next 
candidate selection. Every sensor is equipped with a mechanical module to calculate depth. To collect the packet from 
nodes, multiple sinks are deployed on the onshore station.  Packet received at any sink is considered to be delivered to 
final destination because sinks are connected with each other through RF links. Depth information is included in the 
data packet of the sender. The receiver node, decides to transmit or discard the data packet by comparing its depth with 
sender.  In DBR, each node maintains a priority Queue PQ and a packet history buffer (PHB). PHB, contains history of 
latest packets transmitted by a node.  It contains a unique packet identification (ID), which consists of sender ID and 
packet sequence number. An item in PQ contains two components a packet and schedule sending time (SST). The 
Priority of an item in PQ depends on SST. Every node contains SST. When a node receives a data packet,  it first holds 
the packet for a certain amount of time,  called holding time. The SST of a packet is calculated on the basis of packet 
received time and the holding time of the packet.  When a node,  receives a packet,  instead of sending immediately it 
first,  checks its PQ and PHB.  If a same copy,  is received during SST,  packet will be discarded.  Holding time for 
each node is included in the hello packet.  Packet forwarding is scheduled based on holding time. Holding time depends 
on distance d, which is difference between depth of the packet previous node (dp) and depth of the current node (dc). 
Holding time of nodes having smaller depth is more than other ones.   

  In order to, handle number of nodes participating in packet forwarding, in DBR, there is a globally 
defined parameter, Depth threshold (dth). When a node receives a packet, it forward’s packet only, if difference 
between dp and dc is greater than dth.  dth can be positive,  negative or zero.  If dth is zero, all the nodes qualify for 
packet forwarding.  If dth is set to maximum transmission range DBR,  becomes flooding protocol.  There is a trade 
of between packet delivery and energy consumed in DBR.  If dth is set higher, less nodes will involve in packet 
forwarding,  packet delivery ratio will be lower and less energy is consumed and vice versa. Only nodes having 
smaller depth among neighbors,   participate in data forwarding hence, these nodes die earlier than others nodes in 
the network and routing holes in the network, are created.  In fig. 1, such scenario is illustrated.  Node S is the 
source, and nodes n1 and n2 are itsone hop neighbors. When node S broadcasts a hello packet, all neighboring nodes 
receive this packet.  Nodes below S discard this packet. Nodes n1, n2 are both eligible candidates, n2 is preferred to 
n1, as its depth is less than n1. Now node n2 is next forwarder and nodes n3, n4, n5 are all its one hop neighbors.  
However, node n5 is selected as next forwarder as it has less depth as compared to other ones.  All the nodes follow 
similar criteria for forwarding packets. Due to, frequent usage of some nodes than others, void regions are created in 
the network,  which further,  reduce network lifetime.   

Energy Efficient Depth Based Routing (EEDBR) [4] protocol,  is a another energy efficient, depth based,  
localization free protocol. This protocol operates in two phases,  setup phase and steady state phase.  In set up phase,  
nodes share their depth and residual (RES) energy information among one hop neighbors.  In steady state phase,  
packets are transmitted from the source to the sink in hop by hop manner.  The steady state process is described as 
follows.  Initially sensor node broadcasts a hello packet to all of its one hop neighbors.  Depth and  RES energy 
values of the neighbor nodes are included in the hello packet. Upon receiving the hello packet from neighbors,  
sender updates RES energy of those neighboring  nodes  having less depth  than  itself. Water current has no effect 
on depth, as it only effects node’s movement in the horizontal direction. Only RES energy, needs to be updated due 
to its continuous usage. When a node receives a data packets, it waits for a specific amount of time called holding 
time.  Holding time calculation is based upon RES energy of nodes. Nodes with high RES energy will have short 
holding time.  
Holding time is calculated as follows: 

 
Holding = 1− _

_
× max _HoldingTime + P                                            (1) 

Where max _HoldingTime is systems parameter (i.e how much time a node can wait to transmit a data 
packet) and p is priority value. The priority value is used to handle multiple data transmission and stop redundant 
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data packets.  During steady state phase, packets are forwarded from source towards sink in hop by hop manner. In 
this phase, most suitable node is selected on the basis of depth and RES energy. Depth of the nodes allows to select 
a node from its transmission range neighbors, which are closer to sink than the sender of the packet. In addition, the 
RES energy of the nodes allows to select the node having high RES energy among its neighbors. High RES energy 
node’s selection balances the energy consumption of the network.  It is possible that two or more than two nodes 
have similar RES energy. Holding time of these nodes will be same. Hence, redundant packets are transmitted.   

In order to, avoid redundant packet transmission and differentiate among holding time of nodes, priority 
values are added in holding time of nodes having similar RES energy. The priority values are computed as follows. 
Sender node sorts the forwarding list on the basis of RES energy of forwarding nodes. Upon receiving packets, the 
forwarding node adds priority value to the holding time based on their position in the list. Hence, due to different 
positions in the list nodes have different priority values. Consequently, nodes having same RES energy will have 
different holding times even for same data packet.  

 
 

Fig. 1.  Scenario illustrating drawbacks of DBR Routing Protocol 
 

               There are five different possible scenarios for selection of next relay node during the steady state phase as 
shown in fig. [2], where n is the source,  n1 and n2 are the next candidate nodes, and the values 90 J and 80 J are 
considered as the RES energy of n1 and n2. In case (i),  both n1 and n2 are at same depth.  However,  the sensor 
node n2 has higher RES energy than n1 and forwards the packet.  In case (ii),  n2 is source node and n3 and n4 are 
both next candidate nodes with same RES energy which is 90 J.  However,  node n4 is selected to forward the 
packet because its depth is lower than n3. In case (iii), node n5 and n6 are in range neighbors and n4 is sender. Node 
n6 is nearer to sink but less RES energy than n5.  Node n5 transmits the packet since its RES energy is higher than 
n6. In case (iv),  it is also possible that two or more than two nodes have same RES energy and same depth. In this 
situation, any node can be selected based upon priority value and holding time. Holding time of two nodes is always 
different.  Hence, one of them transmit the packet, and the other one stops its transmission, upon overhea ring the 
transmission of the same packet. 

Adaptive mobility of courier nodes in Threshold optimized Depth based routing (AMCTD) [7],   provide 
framework for changes in threshold to cope with sparse condition of the network.  It explores the proficient 
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amendments in depth threshold by using an optimal weight function to achieve longer network lifetime.  In Hop by 
Hop Dynamic Addressing (H2-DAB) protocol [5], node addresses are assigned dynamically using hello packets. In 
order to handle node’s mobility,  every node in the network is assigned a unique address in a quick and efficient way 
without requiring any precise configuration or any position information of all the nodes. Nodes are deployed at 
different depth levels with the help of buoyancy hello module.  

H2-DAB is robust and scalable. There is no centralized infrastructure for node’s communication.  If a node 
leaves the network it has no significant impact on rest of the network. Further,  in H2-DAB,  nodes are arranged in 
the form of layers from surface to bottom.  Courier nodes are used to collect data from lower layers.  Number of 
layers in the network depends upon monitoring area’s depth and transmission range. Courier nodes are equipped 
with RF and acoustic transmitters. Courier nodes can sense as well as can receive packet from ordinary 
nodes and deliver it to surface sinks directly. 

The protocol in [11], uses RES energy, link quality and physical distance for decision of next candidate 
node.  The protocol operates in two phases; setup phase and steady state phase.  In setup phase, nodes compute 
physical distance,  ETX values [12]  and share RES energy information with the neighbors. Estimated transmission  
cost method in [14] is used to calculate the link quality. Forward and backward delivery ratios of the link quality 
between sender and receiver are considered while calculating ETX. 
  ETX,  for the links between two nodes n1 and n2 is defined as 
 
                           퐸푇푋 = 1 ÷ (푑푓 × 푑푟)                                                      (2) 
 

 where df is called forward delivery ratio which is the delivery ratio from node n1 towards node n2, while 
dr is reverse delivery ratio on same link from node n2 towards node n1 

 
3. PROPOSED PROTOCOL 

 
In this section, we will describe our proposed routing protocol, Advance EEDBR,  in detail. Detailed 

description is as follows.  In DBR,  EEDBR,  H2-DAB initial energy of all the nodes is 
same and nodes residing nearer to sink drain energy quickly as compared to distant ones due to their frequent usage 
that is the main reason for holes formation in the network. Our proposed protocol, AEEDBR, aims to compensate 
for EHP.  AEEDBR operates in three phases:  Network initialization phase,  setup phase and data forwarding phase.  
Detailed explanation is given in the following subsection. 
     
                                     3.1   NETWORK INITIALIZATION  PHASE 

  
This phase begins with the deployed of nodes;  2-D underwater from top to bottom. Multiple sinks are 

deployed on the water surface. It is assumed that sink nodes are equipped with the acoustic and radio modems.  
These sinks use acoustic modems for communication with sensors nodes in underwater,  and acoustic modems for 
communication with other sinks or with an onshore data center. Since the radio communication is much faster than 
acoustic communication,  it is assumed that packet received at any sink is considered delivered to all sinks and 
onshore data center.  Suppose that there are K number of sensor nodes randomly distributed in a 100×100 square 
region as shown in Fig. 3 The nodes will have to transmit data to the sink,  which is located at a distance from the 
sensors monitoring region. 

There are two type of nodes are in AEEDBR with respect to initialenergy:  Normal nodes and Beta nodes.  
Let Ei be the initial energy level of the Normal nodes and Ei (1 + b) is the initial energy level of Beta nodes 
containing b times more energy as compared to normal nodes.  

If K is the total number of nodes then total number of Beta nodes are Km where m refers to the fraction of 
Beta nodes and K(1 + m) is the number of Normal nodes. Total initial energy of this network is the sum of initial 
energies of Normal and Beta nodes. 
                                                               퐸  =  K(1 −m)E + KmE  (1 + 푏)                   (3) 
                                                                        =  K × E (1− m + m + bm) 

           = K × E (1 + bm) 
 

47 



Najeeb et al., 2014 

 
 

Fig. 2  Different scenarios during the forwarding of the data packet in AEEDBR 
 

                              Algorithm 1: AEEDBR Network Initialization Phase 
1:    for all nodes do 
2:          if ( depth  ≥ 70 m)  then 
3:             Initial Energy of node = 퐸   
4:                   else 
5:                     Initial Energy of node = 퐸  (1 + 푏) 
6:                    end if 
7:   end for 

 
3.2 SET UP PHASE 

 
During this phase,  sensor nodes share their depth and RES energy information among one hop neighbors.  

Purpose of this sharing is to select most suitable forwarder node for data forwarding during data forwarding phase.  
Each sensor node broadcasts hello packet to its one hop neighbors. Since data packets are transmitted towards the 
sink node residing on the water surface,  hence upon receiving hello packets,  receiving nodes store depth and RES 
energy information of only those senso nodes having smaller depth. 
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Fig. 3  Nodes deployment in AEEDBR 

 
3.3   DATA FORWARDIG PHASE 

 
During this phase data packets are transmitted from source to sink on the basis of RES energy and depth 

information of sensor nodes. information about depth allows to select those nodes as forwarding nodes which are 
closer to the sink than sender of the data packet.  In addition,  utilizing RES energy information allows to select 
nodes having high residual energy among its neighbors. When a node receives a packets,  first it checks neighbors 
RES energy. If all of its neighbors are died then it drops data packet otherwise it selects next forwarder from its 
neighbors.  It also checks whether sink is present in its transmission range before selecting next forwarder node. If 
sink is not present in its transmission range selects next forwarder node. Same procedure is repeated until packet is 
reached to the sink. 

 
 

Fig. 4  Operation at the forwarding node in AEEDBR 
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                          Algorithm 2: AEEDBR Setup Phase 
1:    for all nodes do 
2:          if ( depth of next node   ≤ depth of current node )  then 
3:             if ( next node is within transmission range)  then 
4:                  if ( depth of next node   ≤  depth of current node + depth threshold ) 
5:                   add to neighbors list  
6:                   end if 
7:               end if 
8:            end if 
9: End for 

 
                                   4.   SIMULATION RESULTS AND  ANALYSIS 
 

Simulations are done in MATLAB, in order, to compare results of AEEDBR protocol with DBR and 
EEDBR protocols. Results are averaged for 5 runs.  In table 4:1, different network parameters used in our simulation 
results are listed. 

4.1.  PERFORMANCE METRICS 
 

Following metrics are used for performance evaluation of AEEDBR : 
 
Stability period:  It is the time when first node dies in the network. 
Network lifetime:  It is the time duration between the network initialization and the complete  energy exhaustion of 
all the nodes. 
Average energy consumption: Average energy consumption is defined as average energy consumed by a node per 
round when a packet is successfully reached from a source to the sink. 
Energy consumption: is the energy consumed by the nodes during data packet transmission. 
Total energy consumption: Total energy consumed by the network. 
Packets to sink per round: Total number of packets successfully received at sink in a round. 
RES energy: Energy contained by a node at any round. 

 
Table 2 :   Parameters used in Simulations 

Parameter                                                                                   Value             
   푌                                                                                                        100 m 
   푋                                                                                                        100 m 
  Node number                                                                          100 
  Initial energy of normal nodes                                                   70  J 
  Initial Energy of advance nodes                                                 110 J 
  Depth                                                                                     100 m 
  Depth threshold                                                                       10 m        
  Transmission Range                                                                  35 m 
   퐸                                                                                     0.15 Joules/packet 
   퐸                                                                                     0.5  Joules/packet                                      
   퐸                                                                                0.15/10 Joules/packet 
                              

4.2  NUMBER OF  ALIVE  NODES PER ROUND 
  

 Average alive nodes per round of DBR, EEDBR and AEEDBR are compared in Fig.5. Performance of 
AEEDBR is improved over DBR and EEDBR. Since depth is used for next candidate node selection in DBR. 
Therefore, node’s energy exhaust rapidly. Further, DBR cannot stop redundant packets because nodes located at 
similar depth also have similar holding time. In contrast, in EEDBR, employing priority values based on depth and 
RES energy, redundant packet transmission is avoided. Hence, the reduction in energy consumption is achieved in 
EEDBR. However, in both DBR and EEDBR nodes nearer to sink drain more energy than other ones due to their 
continuous usage hence, these nodes die earlier.  

In AEEDBR protocol, by introducing Beta nodes improves battery lifetime of nodes and nodes nearer to 
sink stay alive more time than in DBR, and EEDBR. 
 

4.3  AVERAGE  ENERGY CONSUMPTION 
              
                 In Fig.6  average energy consumption per round pernode is shown.  Average energy consumption per 
round of AEEDBR is less than DBR and EEDBR.  Energy consumption increase with increase in network density. 
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This is because, by increasing nodes more nodes qualify for packet forwarding.  Average energy consumption of DBR 
is higher than EEDBR and AEEDBR due to excessive number of nodes involved in packet forwarding and redundant 
packet transmission. In contrast,  EEDBR restricts number of nodes involved in packet forwarding by improving 
priority values assignment techniques.  In EEDBR,  nodes have different holding time. Therefore,  the nodes holding a 
packet suppress their transmission upon overhearing the transmission of the same packet from a higher priority value 
node.  In AEEDBR,  average energy consumption per round is further reduced by introducing Beta nodes. 

 
4.4  STABILITY PERIOD  AND  NETWORK LIFETIME 

        
             Stability period and network lifetime of AEEDBR is greater than DBR and EEDBR as shown in Fig. 7 and 8 
.  Because DBR does not consider RES energy for next candidate node selection, stability period and network 
lifetime is shorter as compared with EEDBR and AEEDBR. Utilizing depth only for next candidate node selection, 
nodes having lower depth are exhausted soon.  
In contrast,  EEDBR limits successive packet transmission and improves stability period by utilizing RES energy of 
nodes for next candidate node selection in the data forwarding phase.  
           AEEDBR further improves stability period and Network lifetime by deploying more energy nodes nearer to 
the sink.  In AEEDBR,  first node dies after 405 rounds, while, in EEDBR,  first node dies after 366 rounds,  
whereas in DBR,  after 300 rounds.  Further,  in AEEDBR,  energy of all nodes is exhausted after 1768 rounds 
while,  in EEDBR,  after 1165 rounds; whereas in DBR,  after 793 rounds.  

 
Fig. 5 Comparison of average alive nodes per round 

 
Fig. 6 Average energy consumption per round per node 
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Fig.7  Network lifetime of the network 
           

 
 

Fig. 8  Stability period of the network 
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