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Abstract— This paper investigates the effect of simulation of
lower layers on performance evaluation of energy-efficient multi-
hop routing techniques designed to maximize network lifetime. A
customized simulator is used to show the simulation results where
the effect of lower layers, packet collisions, and overhearing is
ignored. Then, an open-source simulator, J-Sim, is used to analyze
protocols while considering MAC layer and packet collisions.
The simulation results show that customized simulator gives
very different performance evaluation as compared to J-Sim that
provides the complete protocol stack.

I. INTRODUCTION

Wireless sensor networks (WSNs) are widely used for
monitoring applications such as security, military, health-care,
environment, habitat and industry automation. For seamless,
pervasive and ubiquitous requirements, the sensors are usually
deployed at remote and inaccessible places. Due to limited
power supply, the communication protocols should be energy
efficient; otherwise, the batteries need to be replaced more
often, or the network lifetime would be drastically reduced
[1], [2].

Network lifetime can be defined as the time when the first
node is unable to send its data to base station. The base
station is a node that connects wireless sensor network to the
traditional networks, sends queries to the WSN, collects data
from the WSN, and has a regular power supply. As energy
consumed in transmission and receiving is significantly higher
as compared to processing, the overall energy consumption
can be reduced if multiple packets can be aggregated; in
that case, a fewer packets would be transmitted and received,
and the overall energy consumption will be reduced. The
data aggregation can incorporate data fusion based on data
correlation, data compression, or simply combining several
packets [3]. In this work, we are not investigating data fusion
or compression techniques; several data packets are simply
combined if the aggregated size is less than the maximum
packet size. We consider a wireless sensor system where nodes
are homogeneous and sensed data are highly correlated. A
sensor network for continuous monitoring is a typical example
of such a system. In continuous monitoring application, energy
constrained sensors periodically sense the environment and
send the observed data to the base station, using aggregation
if possible. The energy consumption is reduced by: a) data
aggregation to reduce the total transferred messages, and b)

using spanning-tree based algorithm, ESSR [4], for energy effi-
cient data dissemination. The work in [4] has used customized
Java simulator for protocol implementation and verification.
The results are obtained using application layer simulation
only. In this work, we use an open-source simulator J-Sim1,
which provides the opportunity of using a complete protocol
stack for simulation experiments. Due to J-Sim simulator, it
is possible to see the effect of lower layers such as medium
access control (MAC) and physical layers on the routing and
application layers.

The remainder of this paper is organized as follows. Section
II discusses about different protocols and techniques to reduce
energy consumption. Section III briefly describes the simula-
tion of EESR in J-Sim. Section IV provides the performance
evaluation using customized Java simulator and J-Sim. Finally,
Section V concludes the paper and gives some directions for
future work.

II. RELATED WORK

The network lifetime can be extended by several techniques
such as: reducing overall energy consumption, using redundant
nodes, regular charging of battery supplies using solar or
some other wireless technique. In this paper, the focus is on
reducing the overall energy consumption. Further, the energy
consumption can be reduced by: a) reducing the total number
of transmit and receive messages; b) reducing the number
of long range transmissions (the long range transmissions
consume significantly more energy as compared to short range
ones [5]); c) reducing the duty cycle time, in that case, the
nodes conserve energy by sleeping for extended time; and d)
processing queries using cross layer optimization.

The number of transmissions can be reduced by several
techniques, such as: a) cluster based approach [5], [6], [7],
[8], [9], [10], where the network is divided into several vir-
tual clusters, cluster members transmit to their corresponding
cluster heads, and cluster heads transmit to the base station;
b) linear programming approach [11], [12], [13], [14], [15],
the lifetime problem of WSN is formulated as maximum flow
problem and solved using linear program; and c) spanning tree
approaches [16], [17], [18], [19], [4], where dynamic spanning
trees are generated based on energy metric.

1http://www.j-sim.org



A. PEDAPPA and EESR

Tan et al. [19] proposed PEDAPPA that uses an asymmetric
communication cost by dividing edge cost with transmitter
residual energy. As a node with higher edge cost is included
later in the tree, there are fewer incoming messages. The
routing information is computed periodically after a fixed
number of rounds. The algorithm only considers the sending
node residual energy in edge cost function. In a densely
deployed network, where receiving energy cost dominates over
transmission energy cost, the protocol may fail to perform
well.

In [4], EESR generates a transmission schedule which
contains a collection of routing trees. A routing tree in
data aggregation environment forms a tree that spans all the
sensor nodes. A transmission schedule denotes how data is
collected from each sensor and propagated to base station.
It represents a collection of routing trees that network will
follow to maximize lifetime. In EESR, the lowest energy node
is selected to calculate its edge cost. A node calculates its
outgoing edge cost by taking the lower energy level between
sender and receiver. Next, the highest edge cost link is chosen
to forward data toward base station. If the selected link creates
a cycle, then the next highest edge cost link is chosen. This
technique avoids a node to become overloaded with too many
incoming messages. The total procedure is repeated for the
next lowest energy node. As a result, higher energy nodes
calculate their edge cost later and receive more incoming
messages which balance the overall load among nodes. The
protocol also generates a smaller transmission schedule, which
reduces receiving energy. The base station may broadcast the
entire schedule or an individual tree to the network. In this
work, we followed the latter one.

In the simulation of PEDAPPA and EESR, the authors have
used customized simulators which do not consider the lower
layers. In this paper, we simulate PEDAPPA and EESR in
customized Java simulator and also in J-Sim; the simulation
results show that the performance evaluation is significantly
changed when the lower layers are also considered.

III. SIMULATION ARCHITECTURE

We use J-Sim to simulate EESR and PEDAPPA protocols.
As J-Sim provides complete protocol stack, the results are
more accurate than a customized simulator that provides
only single layer of simulation. Due to the simulation of
lower layers such as MAC and physical, the data transfer,
packet collisions, latency, idle listening, and overhearing are
incorporated in the simulation results.

A. J-Sim Overview

In J-Sim, an entity is called as a component. A component
may have several ports which are used to communicate with
other components. The sensor network contains three types
of nodes: 1) target nodes, 2) sensor nodes, and 3) sink nodes.
Target nodes are the source nodes that generate an event in the
network. A target node delivers a generated event in the sensor
channel using its sensor stack. Sensor nodes have two stacks:

1) wireless protocols stack, and 2) sensor stack. A sensor
node receives any event from sensor channel using sensor
stack, processes that information, and forwards the processed
information through wireless channel using wireless protocols
stack. Sink nodes have only wireless protocols stack, which
receives all sensor data from wireless channel. J-Sim allows a
loosely coupled environment where components communicate
each other through specific ports using predefined messages
called contracts. There are two types of contracts: port contract
and component contract. The port contract is specific to a port,
while the component contract specifies how the component
reacts when data arrives at a particular port.

B. Customized Simulator

Our customized simulator was built using JAVA which
has only application layer. Wireless channel was assumed
to be ideal where there was no retransmission of control
packets (ACK, CTS and RTS) due to collision. Moreover,
energy required to receive schedule from base station was not
simulated. As there is no packet collision and retransmission,
no data delay occurred in the customized simulator.

C. Schedule Generation

The EESR schedule can be constructed at the base station or
any sink node where the information of all nodes is available.
We use an offline scheduler proposed in [4], where base station
pre-computes the entire schedule before broadcasting. The
EESR scheduler estimate the transmission and communication
cost using the energy model given by [5].

Figure 1 shows the interaction of EESR scheduler and a
simulator. This schedule gives a collection of routing trees
T along with their frequencies f. Given any energy model
and location of nodes, EESR generates a schedule which is
independent of any simulator. Once the schedule is computed,
the base station can broadcast the entire schedule in a single
packet or multiple packets to the network.

Figure 2(a) shows how a node process a schedule packet
sent from base station to find routing information. The base
station broadcasts the schedule packet which is received by
each node in the network. When the schedule packet propa-
gates through the protocol layers to application layer, the node
extract its own schedule information and forwards it to sched-
ule manager component. The schedule manager processes the
packet and sends routing information back to application layer.
The implementation detail of schedule manager in J-Sim is
given in section III-D. In this paper, we analyze the EESR
results using a customized simulator as well as protocol stack
based J-Sim simulator.
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Fig. 1. Interaction between EESR Scheduler and simulator
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Fig. 2. EESR implementation in J-sim

D. EESR implementation in J-Sim

In J-Sim, EESR is implemented in application layer
as the EesrApp component. Figure 2(b) shows two im-
portant components: EesrApp and ScheduleManager
components in a sensor node of J-Sim. Both EesrApp
and ScheduleManager are application layer components.
When base station broadcasts any schedule packet to the
network, EesrApp pass this packet to ScheduleManager
using EesrAppScheduleManagerContract contract. A
schedule packet contains information for a single tree.
The EesrApp performs the following tasks: a) aggre-
gates the incoming data packets, b) forwards the aggre-
gated data packet to its parent, c) forwards the schedule
and incoming data packets to the ScheduleManager.
The ScheduleManager component performs the follow-
ing tasks: a) decodes the schedule packet, b) notifies
EesrApp about the parent node, c) updates the frequency
variable to track the number of rounds the current tree
will be used, and d) update the children information. The
EesrAppScheduleManagerContract is used to trans-
fer messages between EesrApp and ScheuleManager.
The types of messages that can be transferred are as follows:

1) NodeSchedulePacket: EesrApp forwards
NodeSchedulePacket to ScheduleManager whenever
a sensor node receives schedule packet from the base station.
This packet may contain schedule for a single tree or multiple
trees along with their frequencies. It also contains the children
node IDs for any particular tree.

2) ParentUpdatePacket and NoChildrenPacket:
ScheduleManager sends ParentUpdatePacket to
notify EesrApp regarding the parent of the current
tree. If a sensor node is a leaf node in the cur-
rent tree, the ScheduleManager immediately sends
NoChildrenPacket to EesrApp, which sense the envi-

ronment at the given sampling interval and forwards the data
to its parent.

3) IncomingDataPacket: EesrApp forwards
IncomingDataPacket to the ScheduleManager in
order to determine the completion of the current round.

4) RoundCompletePacket: When a non-leaf
node has received data packets from all children, its
ScheduleManger sends this packet to EesrApp that
forwards the aggregated data to its parent.

5) ScheduleQueryPacket: The EesrApp
of leaf nodes send ScheduleQueryPacket to
ScheduleManger as a request for new schedule.

The above description shows how EESR can be imple-
mented in stack based simulator. It also shows how the nodes
maintain schedule information when it is broadcasted from
base station. The ScheduleManager component handles
all requests from EesrApp and updates necessary information
when any routing tree changes or new schedule packet arrives
at the node.

IV. RESULTS AND DISCUSSION

We have used both customized simulator [4] and J-Sim to
evaluate EESR [4] and PEDAPPA [19].

The simulation parameters are as follows: the numbers of
nodes are varied from 50 to 100, network size is 50m×50m
and 100m×100m, base station is at 100m from the center. The
radio communication model used in customized simulator is
same as the one used in [5] and [19]; the details are as follows:
transmitter and receiver electronics circuit, eelec = 50nJ/bit,
transmitter amplifier, eamp = 100pJ/bit/m2, receive energy
consumption, R = eelecl, where l is the length of packet
(bits), transmit energy, Tij = leelec + leampd

2
ij , and the initial

energy for every node is 0.5J . Some of the J-Sim simulation
parameters are as follows: data transfer rate, bandwidth =
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(b) J-sim Simulator 50m × 50m
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(c) Customized Simulator 100m × 100m
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Fig. 3. Variation in Network Lifetime for EESR and PEDAPPA using Customized and J-Sim simulators

1Mbps; idle current, P idle = 0.0002 Amp; frequency,
freq = 914MHz; receiver threshold, RXThresh = 6 nWatts;
carrier sense threshold, CSThresh = 1 nWatt; and capture
threshold, CPThresh = 10db.

Figure 3 shows the network lifetime of EESR and
PEDAPPA for different number of nodes. Figure 3(a) and Fig-
ure 3(b) show the results of using customized Java simulator
and J-Sim simulator for 50m×50m network area, respectively.
In both cases, EESR performs better than PEDAPPA. In
Figure 3(a), the lifetime of both protocols increases as more
number of nodes are deployed. This result is expected as the
transmission distance becomes smaller in a denser network.

Moreover, as the customized simulator does not incorporate
the issues of MAC layer and packet collisions, the delay
due to retransmissions and energy consumption during idle
listening are not considered. Further, the network lifetime
estimated by the customized simulator is similar to [19]
for identical simulation parameters. However, our concern is
not to compare EESR and PEDAPPA, but to investigate the
performance of a protocol in different simulators and different
simulation environments. Figure 3(b) shows the result of using
J-Sim to see the variation in network lifetime. As contrast to
Figure 3(a), the network lifetime reduces when the numbers of
nodes are increased. Since J-Sim uses IEEE 802.11 MAC and



remaining protocol stack, we get the effect of data collisions,
retransmissions, and idle listening, as the number of nodes
increases.

Figure 3(c) and Figure 3(d) show the results of using
customized Java simulator and J-Sim simulator for 100m ×
100m network area, respectively. As the network area is
increased, the per-hop transmission distance increases; hence,
the network lifetime reduces. However, the overall trend is
consistent with the denser network of 50m × 50m.
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Fig. 4. Time delay to complete a round

Figure 4 shows variation in round completion time for a
50m×50m network area. We describe round delay as the time
to complete a round. This delay includes the sampling interval
of 1 second. Notice that a round is completed when base sta-
tion receives data from all sensor nodes. For EESR, this round
delay is slightly higher than PEDAPPA. Since EESR balances
load well among nodes, this result is expected. To balance
load among nodes, EESR allows more incoming messages to
higher energy node, while discourage any incoming message
for low energy node. As a result, depth of the routing tree
increases. It is noted that as the tree depth increases, non-
leaf nodes which are close to base station has to wait more
then leaf nodes; hence increases the round delay. When the
network becomes dense, the depth of the routing tree increases
along with collisions and retransmissions, which results in
both protocols giving higher latency.

V. CONCLUSION AND FUTURE WORK

This paper shows the difference in performance evaluation
in using customized simulator with simplified communication
model and an open-source simulator J-Sim, which simu-
lates complete protocol stack. As expected, the results are
significantly different between the two simulators. However,
the results also show some contradictory performance. For
customized simulator, the network lifetime increases as the
number of nodes are increased; on the other hand, the network

lifetime decreases for J-Sim, when the number of nodes is
increased. As the customized simulator does not consider
packet collisions and overhearing problems, the denser net-
work reduces the transmission range and the network life-
time is increased. However, when the packet collisions and
overhearing are considered, as in J-Sim, the network lifetime
of the denser network is reduced. In future work, we intend
to incorporate sleep scheduling in the application layer. The
sleep scheduling will prevent packet collisions in the denser
network. In that case, we hope both the simulators will produce
identical output.
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