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Abstract

A wireless Sensor Network is formed with sensor nodes,
which are equipped wireless communication devices and
sensors to observe physical or environmental conditions.
Power management of them influences the life of the net-
works. It is important for the network to implement a
suitable ad-hoc routing protocol in order to improve the
power consumption problem. A flooding algorithm is a
fundamental and simple algorithm which is often used as
a part of ad-hoc routing protocols. This paper indicates
how a packet diffuses by the flooding algorithm in dif-
ferent environments to use TOSSIM. Five different en-
vironments were assumed in this paper according to the
difference of obstacle length and position. We assumed
a TinyOS sensor network which consists of one hundred
sensor nodes. We depicted how a packet diffused in five
different environments. The occurrence of packet colli-
sion was frequently seen if many packets were flooded
in the field. It was found that the obstacle is helpful for
reducing the collision.

1 Introduction

The main advantage of Wireless Sensor Networks is the
flexibility that allows sensor nodes to be distributed and
set up anywhere. Therefore, power management of sen-
sor nodes is significant to make them perform as long as
possible. It can be said that power management of sensor
nodes dominates the life of the networks.

There are two approaches to improve power consump-
tion problems via hardware and software design. We can
be aware of a progress with hardware designs. For exam-
ple, the microprocessor that enables power consumption
to be low was developed. TELOS MOTE [1], which is
equipped with a MSP430 [2] microprocessor, can last
for almost three years at one percent of duty cycle, al-
though the life time of the MICA2 MOTE [3] is one and
half years and MICAz MOTE [4] is one year [5]. With
software design, on the other hand, there are problems
concerning communication between nodes, such as the
selection of a suitable routing protocol and management
of sensor nodes.

M.Becker, S.Schaust and E.Wittmann investigated
the impact of different ad-hoc routing protocols on
real world Wireless Sensor Network applications [6].

A performance comparison of four routing protocols,
flooding algorithm [7], DSDV [8], TinyAODV [9] and
MoteAODV [10] was carried out by real machines,
called motes [11]. All of their experiment was assumed
to provide flexible and interactive data collection in a rel-
atively small scale wireless sensor network. Their motes
were implemented TinyOS [12], operating system de-
signed for wireless embedded sensor networks are used
in the experiment. They concluded that it was hard to
determine which routing protocol was suitable for their
real wireless sensor network.

Flooding algorithm is basic and simple because it con-
sists of only a broadcasting message. Most routing pro-
tocols use the flooding algorithm in constructing routes
between one destination node and the others. DSDV,
TinyAODV and MoteAODV, of course, use the flooding
algorithm to construct routes.

This paper examines how a packet diffuses by flood-
ing algorithm in five different environments using
TOSSIM [14]. This paper assumed five different envi-
ronments according to the difference of obstacle length
and position. The rest of this paper is organized as fol-
lows. Section 2 provides some background for Wireless
Sensor Networks. Section 3 explains the experimental
environment and Section 4 shows the results. And fi-
nally, Section 5 concludes the paper with a summary of
an analysis how a packet spread by flooding algorithm in
different environments.

2 Wireless Sensor Networks and
Ad-hoc Routing Protocols

A wireless sensor network is a wireless network which
is formed with devices, called sensor nodes. Sensor
nodes are placed in dispersion on the ground spatially
and equipped with a sensor to observe physical or en-
vironmental conditions such as light intensity, tempera-
ture, humidity, acceleration or barometric pressure. They
are also equipped with a wireless communication device
and transmit observed data to a base station. The base
station is a wireless communication station at a fixed
place and act as the gateway between a WSN and PC,
wireless LAN or Internet. Sensor nodes can be consid-
ered as small computers basically consisting of a pro-
cessing unit with limited computational power and lim-
ited memory, sensors, a wireless communication device
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and battery. A wireless sensor network normally con-
stitutes a wireless ad-hoc network. Wireless ad-hoc net-
works do not suppose infrastructure and are formed by
radio nodes dynamically based on the network connec-
tivity.

A wireless mesh network is one of the ad-hoc network
types and made up of radio nodes in which there are at
least two pathways of communication to each node re-
gardless of the access point or the network service area.
It has high fault torelance because of at least two com-
munication routes. If a route break, the other routes are
available. Each node constructs a route to a base station
autonomously. Therefore, wireless mesh networks are
suitable for wireless sensor networks.

2.1 Ad-hoc Routing Protocol
Routing protocols are basically categorized three sys-
tems according to the ways constructing a route. They
are pro-active, reactive and hybrid. Nodes, which imple-
ment a pro-active routing protocol, can transmit a packet
whenever need to, because it organizes a route to the des-
tination beforehand. Meanwhile nodes which implement
a reactive organizes a route on-demand. Those nodes
start to construct a route to a base station at the beginning
of the communication. Then, hybrid uses a combination
of both pro-active and reactive spatially or temporally.

2.2 Flooding Algorithm
A flooding algorithm is a fundamental algorithm for ad-
hoc routing protocols. The scheme of it is simple. A
node broadcasts a packet and the other nodes, which re-
ceive the packet, continuously broadcast it if they have
not received yet. The number of times the packet passes
nodes are determined by the TTL, Time To Live value.
The TTL value is decreased every time a packet passes
nodes, and the packet is destroyed when the value be-
comes zero.

Flooding algorithm is not efficient in actual commu-
nication because a packet diffuses over the network un-
til TTL expires even if the destination is the adjacent
node. Therefore, basically flooding algorithm is used
for broadcasting route information, route discovery and
management of a route.

2.3 DSDV
DSDV, Destination Sequenced Distance Vector [8] is a
pro-active and table-driven routing algorithm scheme,
and quite suitable for creating ad-hoc networks with
small number of nodes. Each node maintains a rout-
ing table which lists all available destination in the net-
work, the number of hops required, and the next hop
node for each destination. Each entry in the routing table
is tagged with unique sequence number originated by the

destination.
The construction of routes starts by the destination

node broadcasting route update message by flooding al-
gorithm to all the other nodes with an even sequence
number assigned. Each node, which received the mes-
sage from the destination, advertises to each neighbors
own routing table, records the routing table information
every each destination and maintains advertising and for-
warding routing tables. Updates of the routing table are
transmitted periodically or immediately when any sig-
nificant topology change is available. If a broken node
is detected, all routes through the node are assigned infi-
nite hops, and the sequence number incremented by one,
then information are advertised immediately.

2.4 TinyOS
TinyOS is an open source operating system designed for
wireless embedded sensor networks and is developed by
the University of California, Berkeley. It is written in
the nesC programming language, the dialect of the C
programming language made the best use of the mem-
ory limitations of sensor networks. TinyOS features a
component-based architecture. It provides built-in in-
terfaces, components and sensor board specific config-
urations which allow users to use network protocols,
distributed services, sensor drivers, and data acquisition
tools.

The main concept of TinyOS is “HURRY UP AND
SLEEP.” It attempts to sleep as often as possible to save
power. TinyOS executes jobs quickly and goes back to
sleep when it is woken up by an event.

3 Experimental Setup
The aim of this experiment was to analyze how a packet
spread by flooding algorithm in different environments
to use a simulator. This experiment considered a TinyOS
system which consisted of one hundred sensor nodes
whose routing layer implemented DSDV routing pro-
tocol. DSDV uses flooding algorithm when a destina-
tion node broadcasts a route update message to the other
nodes. TOSSIM, which is a simulator for TinyOS sensor
networks, was used in this experiment and it is explained
in Section 3.1.

We assumed five different environments according to
the difference of obstacle length and position. The ob-
stacle does not transmit any radio packets.

All of one hundred sensor nodes were allocated to
each cross in a reticular pattern ten by ten in size. The
vertical distance between two adjacent nodes was equal
to the horizontal. Therefore, all of nodes were placed
evenly. We numbered the sensor nodes from 0 to 99.
Node 0 placed at the corner of the grid and the other
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nodes were taken the next number in order in a left
right fashion. For example, the vertical neighbors of
Node 11 were Node 1 and Node 21, and the horizontal
were Node 10 and Node 12.

We set an unit distance for this experiment. It was
determined by the distance between two adjacent sensor
nodes. The unit distance one is the distance between ad-
jacent nodes in vertical and horizontal direction.

Five assumed environments are the following.

No Obstacles
This case assumed there were no obstacles in the
field. This case was the standard of comparison
with the other cases.

Four Grid Obstacle
This case assumed the obstacle whose length is
four. The obstacle supposed to be placed at the
center of the field as shut in both the vertical line
from Node 34 to Node 64, and the vertical line from
Node 35to Node 65.

Six Grid Obstacle
In this case, the obstacle supposed in Four Grid Ob-
stacle case was expanded one length both up and
down direction. Specifically, the obstacle was shut
in the vertical line from Node 24 to Node 74 and
the vertical line from Node 25 to Node 75.

Eight Grid Obstacle
The obstacle supposed in Six Grid Obstacle case
was expanded two length both up and down direc-
tion besides. It was shut in both the vertical line
from Node 14 to Node 84 and the vertical line from
Node 15 to Node 85.

Eight Grid with One Side Open
In this case, the obstacle length is eight, but the
placement of it was different from Eight Grid Ob-
stacle case. It was dislocated one length to the up
direction. The obstacle was placed between the ver-
tical line from Node 4 to Node 74 and the vertical
line from Node 5 to Node 75.

The position of each obstacle is shown in Figure 1. Cir-
cled numbers describe sensor nodes. There is each ob-
stacle at the center of the figure.

3.1 TOSSIM
TOSSIM is a discrete event simulator for TinyOS sen-
sor networks. It scales to thousands of sensor nodes.
TOSSIM compiles directly from TinyOS source code be-
cause it is equipped nesC compiler. A TinyOS source
code can be deployed on actual motes right away.
TOSSIM simulates the TinyOS network at the bit level,
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Figure 1: The image of the obstacle length and position

each individual ADC data and every interrupt in the sys-
tem.

TOSSIM provides a radio interference and corruption
model to determine an independent bit error between two
sensor nodes. An independent bit error enables each
packet to be independent as packet loss probabilities are
calculated by each bit error of the packet. Therefore,
longer packets have a higher probability of corruption.

3.2 Experimental Environment
We used TinyOS 1.1.15 [13] in this experiment.
TinyOS 1.1.15 is the latest version of TinyOS version
1.0.

To implement DSDV in the routing layer of our pro-
gram, several components was used from TinyOS1.1.0.
Those components enabled to implement DSDV and
were provided in TinyOS1.1.0 because TinyOS1.1.15
did not provide those components.

We set a bit error rate between two nodes, and the ob-
stacle of each case by TOSSIM. The sphere of radio in-
fluence was set within radius two. The success proba-
bility transmitting a packet between each node was de-
termined by a distance. We estimated the probability in
inverse proportion to a squared distance. A bit error rate
between adjacent nodes was set to 0.0, between oblique
adjacent nodes was set to 0.02 and between two away
nodes was set to 0.04. This bit error set up approximated
the above success probability. For example, Node 0 had
been able to transmit a packet to Node 1 and Node 10
with no error, to Node 11 with proximate half success
probability and to Node 2 and Node 20 with proximate
quarter success probability. It is shown in Figure 2.

In this experiment, we aggregated the time unit when



University of Aizu, Graduation Thesis. March, 2008 s1110103 4

0 1 2

10 11

20

100%

25%

50%100%
25%

21 22

12

Figure 2: Example of the probability for success when
Node 0 transmits a packet

each node received the first route update message from
Node 0. We set one time unit as 16 milliseconds simula-
tion time. The time resolution in TOSSIM is 32 millisec-
onds, which was too long to detect the simulation events
of our interest. Therefore, we changed it to 16 millisec-
onds. All the time values measured were based on the
timer of Node 0. The time is, in other words, when a
node completes constructing the route to Node 0.

This experiment was carried out ten times. The time
unit of each node was estimated if a node received the
route update message in a time unit five to ten times ex-
periment. For example, the time unit of a node was es-
timated as eleven if the node received the route update
message in the eleventh time unit at least five times each
experiment.

4 Simulation Results and Analysis
In this paper, we investigated the time when each node
received the first route update message from Node 0.
Figure 3- 7 show the results. Mathematica [15] visual-
ized the propagation of the route update message. Each
figure describes the radio wave which is the propagation
of the route update message from Node 0. White dots in
each figure describe sensor nodes. The double circle in
left up of each figure describes the base station, Node 0.
Then, the obstacles are white space in the center of each
Figure. Each time unit is colored and a time unit is 16
milliseconds. The difference of color represented the ar-
rival time of the route update message. The more time it
took, the lighter the color became.

Figure 3 shows the result of No Obstacles case. It
took all of nodes 17 time units to receive the route update
message from Node 0. We expected that the propagation
of the route update message was similar to the spreading
wave. However, we got the different result. It would be
due to packets interference.

Figure 3: No Obstacle Figure 4: Four Grid

Figure 5: Six Grid Figure 6: Eight Grid

Figure 7: Eight Grid with One Side Open

Packet interference is the characteristic in wireless
networks. It results from a flood of packets in a field
and causes a packet collision. The radio waves, which at
least two sensor nodes transmitted, become a new radio
wave after the interference. Receiver cannot receive the
radio wave because it is not recognized as the packet.

Figure 4 shows the result of Four Grid Obstacle case.
It took all of nodes 18 time units to receive the route up-
date message. The propagation of the route update mes-
sage is different from No Obstacle case. As expected,
the diffraction occurred around the place in which is nar-
rowed by the obstacle. They relayed the message to the
right side of the obstacle.

Figure 5 shows the result of Six Grid Obstacle case. It
took 21 time units for all of nodes to receive the message.
This obviously indicates that nodes near at the area nar-
rowed by the obstacle seemed to make a role of the base
station. The wave pattern was similar to both left and
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right side of the obstacle. However, it was seen under
the obstacle that the packet interference occurred.

Figure 6 shows the result of Eight Grid Obstacle case.
It took 21 time units for all of nodes to receive the mes-
sage. It was seen that the packet interference often oc-
curred on the right side of the obstacle.

Figure 7 shows the result of Eight Grid with One Side
Open. It took all of nodes 25 time units to have received
the route update message. As expected, it took much
time for the message to arrive at the nodes on the right
side of the obstacle. It was clearly seen that the packet
was propagated as the wave

From the result of each figure, we found that the prop-
agation of the message seemed to be the wave. In No
Obstacle case, it took the least time for all of nodes to
have received the route update message from Node 0.

No Obstacle Four Six Eight One Side

Average 5.50 5.21 4.71 4.71 3.96
Variance 12.0 6.62 9.21 5.51 2.73

Table 1: The average and variance on the number of
nodes which received the first route update message from
Node 0

We aggregated the number of nodes receiving the first
route update message from Node 0 in a time unit. Ta-
ble 1 describes the average and variance on the number
of nodes which received the first route update message
in a time unit. From the table, it was found that the num-
ber of nodes receiving the message in a time unit is the
largest in No Obstacle case. Therefore, No Obstacle case
propagated a packet to all of nodes with the fastest speed.
On the other hand, The variance of No Obstacle case was
distinguished as compared with the other cases. No Ob-
stacle case recorded the highest value of all case.

Figure 8 depicted the changes in the number of nodes
receiving the first route update message from Node 0 in
a time unit. In No Obstacle case, it changes suddenly in
the middle of the graph although the other case change
slowly. The variance value changed the lowest to the
highest in a time unit.

The change happened when the messages reached the
line between Node 9 to Node 99. Although it could not
have been confirmed or validated, we consider the reason
as follows.

From the results of Table 1 and Figure 8, The number
of nodes, which received the first route update message
in a time, is the least in No Obstacle case. There are no
obstacles in the case, therefore many packets flooded in
the field. Packets, which flooded in the field, frequently
caused packet interference. Then, packet collision oc-
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Figure 8: Changes in the number of nodes receiving the
first route update message in a time unit

curred because of the interference.
The obstacles separated the field. They prevented

many packets from flooding in the field. In other words,
the obstacles reduced packet collision.

5 Conclusion
This paper researched how a packet spread by the flood-
ing algorithm in different environments under TOSSIM.
Five different environments were assumed according to
the difference of obstacle length and position. We sup-
posed the flooding algorithm used by DSDV.

The packet used by the flooding algorithm propagated
as the wave in this simulation. The packet diffuses with
the fastest speed if there are no obstacles in a field, how-
ever many packets flood in a field. If there are no obsta-
cles, packet interference frequently occurs in a field and
it causes packet collision. Therefore, the obstacle helps
to reduce the packet collision.
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