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Abstract 

The goal of the thesis is to design the star-based mesh topology by introducing 
multiple pan-coordinators (hub/switches) under a multipath-fading 
environment and to improve the data transaction rate of a network which 
usually gets worst when there is a single pan-coordinator for synchronization of 
devices in conventional mesh topology; also reduce the hop-count as least as 
possible. 

Most of the work has been done on NS-2 network simulator; therefore the 
research model which has been used here is a simulation model. Altogether 3 
simulations have been done. The first scenario is done on a simplest mesh 
network with a single coordinator and a radio propagation model which has 
been used is two-ray ground reflection model. The second scenario simulation 
is similar to the first scenario but in-order to provide multi-path signal fading 
and highly congested environment the propagation model which has been used 
this time is shadowing model. The final simulation which has been done is of 
multiple-star based mesh topology it also uses the similar radio propagation 
model which has been defined for second scenario. An intensive performance 
measurement of all the three simulations has been done in terms of transactions 
made per-second, packet drop rate along with an analysis of packet drop.  An 
hop-count is also measured between star and mesh topology. 

For multiple star based mesh topology it can be assumed if multiple stars with a 
routing capability can be used then nodes in a network will be synchronized or 
re-synchronized with least number of hops in the congested network with a 
near-by pan-coordinator (hub/switch). One of the major applications of this 
topology can be automobile manufacturing industry where alot of machines are 
installed in a congested network and monitoring of every area is mandatory for 
swift production.              
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Sammanfattning 

Målet med examensarbetet är att utforma den stjärna-baserade nät topologi 
genom att införa flera pan-samordnare (hub / switchar) enligt en multipath-
fading miljö och att öka antalet transaktionsdata i ett nät som vanligen blir 
värst när det finns en enda EU-samordnare för synkronisering av enheter i 
konventionell mesh topologi, minskar också hop-räknas som minst som 
möjligt.  
 
Det mesta av arbetet har skett på NS-2 nätverk simulator, därför den 
forskning modell som har använts här är en simuleringsmodell. Sammanlagt 3 
simuleringar har gjorts.Det första scenariot är gjort på en enklaste mesh-
nätverk med en enda samordnare och en radio förökning modell som har 
använts är två-ray marken reflektion modell.Det andra scenariot simuleringen 
liknar det första scenariot, men in-för att ge flera sökväg signal blekning och 
kraftigt överbelastad miljö förökning modell som har använts här gången är 
skuggning modell. Den slutliga simulering som gjorts är av flera stjärnor 
baserad mesh topologi det också använder liknande modell 
radiovågutbredning som har fastställts för andra scenariot. En intensiv 
prestanda mätning av alla de tre simuleringar har gjorts i fråga om 
transaktioner som gjorts per sekund, paket drop rate tillsammans med en 
analys av paket droppe. En hop-count mäts också mellan stjärnan och mesh 
topologi.  
 
För flera star baserad mesh topologi det kan antas om flera stjärnor med en 
routing kapacitet kan användas då noder i ett nätverk kommer att 
synkroniseras eller återexporteras synkroniserat med minst antal humle i 
överbelastade nätverk med en närliggande pan-samordnare ( hub / 
switch). En av de stora tillämpningarna av den här topologin kan 
biltillverkningsindustrin där en hel del maskiner är installerade i en 
överbelastad nätverk och övervakning av varje område är obligatoriskt för 
snabb produktion.   
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1 Introduction 

Smart environments represent the next evolutionary development steps in 
building utilities for industrial usage, home, shipboard, and transportation 
systems automation. Like any sentient organism the smart environment relies 
first and foremost on sensory data from the real world. Sensory data comes 
from multiple sensors of different modalities in distributed locations. The smart 
environment needs information about its surroundings as well as about its 
internal workings; this is captured in biological systems by the distinction 
between exteroceptors and proprioceptors [1]. 

The information needed by smart environment is provided by wireless sensor 
networks, a sensor network defined as a cluster of distributed sensors on any 
large or a small scale to monitor physical or environmental conditions, such 
as temperature, sound, vibration, pressure, motion or pollutants. The 
development of wireless sensor networks was motivated by military 
applications such as battlefield surveillance. They are now used in many 
industrial and civilian application areas, including industrial process monitoring 
and control, machine health monitoring, environment and habitat monitoring, 
healthcare applications, home automation, and traffic control [2].  

Different wireless protocols were also considered. Applications such as 802.11 
Wireless Local Area Network (WLAN) are an inappropriate with a redundant 
data rate and high power consumption. Bluetooth protocol was introduced in 
1994 for a low data rate to reduce cables for computers and mobile devices. 
The disadvantage of Bluetooth protocol is the limitation of number of nodes 
that can be connected simultaneously (1 master & 7 slaves) and the high level 
of power consumption. A new implementation of wireless sensor network 
IEEE 802.15.4 and Zigbee introduced in a year 2000 with a main concern of 
low-data rate control and sensor applications in wireless networks. Zigbee is 
predicated on IEEE 802.15.4 technological standard for low data rate in the 
Industrial, Scientific and Medical (ISM) frequency band. Low data rate 
provided by IEEE 802.15.4, allow communication among devices with 
consideration to very low power consumption in use of battery supply. IEEE 
802.15.4 devices are appropriate for home environment with a main topic of a 
low-cost and low data rate [3]. 

1.1 Background 
The idea of this project is to analyze a multiple star-based mesh topology which 
gives the concept of multiple PANs on different locations in a network and 
enable data routing with less number of hops, each PAN has its own respective 
nodes and every node is responsible to collect the data from the environment 
and send it to its respective PAN coordinator and switch to other when required 
due to congestion, In-order to make design more real, an obstacle based 
environment is considered.   
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Since, we have to be very much careful in case of result and have to work on 
currently available resources; therefore we prefer to grind on a prominent 
network simulator named NS-2 , NS-2 is an object oriented discrete event 
simulator targeted at networking research and available as public domain.   

There are several reasons to work on a simulator instead of working with real 
nodes, since it gives inexpensive, flexible and reconfigurable environment 
network phenomena, opportunity to study a large scale network and an easier 
comparison of result across research effort. 

The main reason of selecting NS2 is that it is commonly used network 
simulator implementing most of network protocols, and one can do new 
protocols implementation very easily, the simulation procedure normally 
consists of following steps in figure 1-1. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-1 Simulation Procedure of Network Simulator-2 

 

Research of different protocols within WSN is compulsory to fulfill the 
demands, since alot of wireless protocol exists in the market. To avoid an 
expansion of the thesis work with unessential information, a decision was taken 
at an early stage to focus on a particular wireless protocol, relevant for 
development of the system. The protocol which has been decided to work on is 
IEEE 802.15.4/Zigbee. 

1.2 Aims and objectives 

• Transfer the maximum amount data and make sure a successful 
reception at the desired node under the physical obstacle based scenario, 
for example number of sensor nodes gathering data in some tool factory. 
 

• Reduction of number of hops from an existing mesh topology which 
usually get increased when there are some obstacles in between the 
nodes or destroy the packets. 
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• Since there will be multiple coordinators in the network, and each of 
them will be responsible to synchronize there devices by generating 
beacons periodically in order to avoid from beacon collisions a proper 
beacon interval (BI) should be chosen for every pan-coordinator in the 
network. 

1.3 Reason for design  

As there is no any particular topology made which can embark upon 
congestion, therefore in this project all the work has been done from the scratch 
by considering congestion in the network which create refractions and 
attenuation in signals. 
  
In an obstacle based environment, a mesh topology with a single pan-
coordinator is not a good choice, because the number of hops will get increase, 
and most of the nodes never get synchronized with a pan-coordinator because 
of the transmission delay or obstacle in-between, therefore it has been assumed 
if multiple pan-coordinators introduced in the network, then the nodes 
synchronization and increase in hop counts will be handled more efficiently.  
 
In real-world, the received power at certain distance is a random variable due to 
multi-path propagation effects, which is also known as multi-path fading effect, 
the two models in network simulator ,two-ray ground reflection and free space 
predict the mean received power at a certain distance which is known as a  
circle of communication between source and target nodes [4]. 
 
Practically it is hard to arrange many sensor nodes, because in industry there 
are mainly alot of sensor nodes deployed on many different areas, therefore 
network simulator has been chosen for an ease of implementation of star-based 
mesh network and to create obstacles based scenario a multi-path signal fading 
effect has been created in an NS-2 network simulator. 

1.4 Goal 
The main goal is to implement a low- cost wireless multiple start-based mesh 
topology with an uncomplicated maintenance. Avoidance of interference and 
possibilities for reconfiguration of the system are to be concerned, also to 
obtain best possible transmission rate with least number of hops in an industrial 
obstacle based environment. 

1.5 Limitations 
Due to the limited economic resources and tight timing schedule it was very 
hard to perform the task practically, therefore all the work has been done on 
software also it is an open-source project. 
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2 Theoretical background 

2.1 Wireless Technology  
 

Wireless technology has some advantage over the wired technology on the 
basis of cost effectiveness, it help’s user to setup the network quickly; and 
enable them to collect the data where it is hard or unfeasible for wired 
technology or human to reach.     

 

An IEEE 802.15.4, is a newly developed communication protocol designed for 
low-rate wireless personal area network , it enables low data rate , low-power 
consumption , low-cost wireless networking and offer device-level connectivity 
, 802.15.4 has been designed as a flexible protocol and is configurable to meet 
more challenging requirements it operates on a frequency bands of 868 MHz 
for the Europe, 915 MHz for USA and ISM (Industrial Scientific and Medical) 
2.4 GHz which is an unlicensed frequency band used worldwide having a data 
rate of 20 Kbps, 40 Kbps and 250 Kbps, supporting 1, 10 and 16 channels 
respectively, some of it’s important features are clear channel assessment 
(CCA) , carrier sense multiple access and collision avoidance 
(CSMA/CA),reserved guaranteed time slot (GTS), it also include Link Quality 
Indicator (LQI) and Energy detection (ED).  

 

Two different device types can participate in IEEE 802.15.4 network; a full-
function device (FFD) and a reduced-function device (RFD). An FFD can 
operate in three modes as a personal area network (PAN) coordinator, a simple 
coordinator, or a device. An FFD can talk to RFDs or other FFDs, while an 
RFD can talk to FFD only. An RFD is intended for applications that are 
extremely simple, such as a light switch or a passive infrared sensor; they do 
not have the need to send large amounts of data and may only associate with a 
single FFD at a time. Consequently RFD can be implemented using minimal 
resources and memory capacity. 

 

The lower layers of OSI are defined in the standard; and the interaction with 
the upper layers are designed, possibly using an IEEE 802.2 logical link 
control sub layer accessing the MAC through a convergence sub layer (SSCS), 
the protocol stack of IEEE 802.15.4 is shown in the figure 2-1 
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Figure 2-1 Protocol Stack [5] 

IEEE 802.15.4 gives an option for super-frame in the beacon enabled mode, it 
has an active portion and an inactive portion and the whole super frame is 
bounded by beacons, total there are 16 slots, divided into contention access 
period and contention free period all the slots in super-frame are configurable, 
the length of super-frame can be analyzed by Beacon interval (BI) and by super 
frame duration (SD) 
 

BI = aBasesuperframeduration x 2BO 
SD = aBasesuperframeduration x 2SO 

 
Here,  
aBasesuperframeduration = 960 symbols 
BO = Beacon Order 
SO = Super frame Order 
 

 

Figure 2-2 Super- frame Structure [3] 
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The values of BO(Beacon Order) and SO(Super-frame order) are define in the 
coordinator, a slotted CSMA/CA mechanism is used for the channel access in 
the beacon enabled mode and all the CAP transmission should be finished 
before the starting of CFP .Data transfer can be classified into 3 different 
modes:  

• Direct data transmission:  
This applies to all data transfers, either from a device to a coordinator, 
from a coordinator to a device, or between two peers. Un-slotted 
CSMA-CA or slotted CSMA-CA is used for data transmission, 
depending whether non-beacon enabled mode or beacon enabled mode 
is used [6]. 
 

• Indirect data transmission:  
This only applies to data transfer from a coordinator to its devices. In 
this mode, a data frame is kept in a transaction list by the coordinator, 
waiting for extraction by the corresponding device. A device can find 
out if it has a packet pending in the transaction list by checking the 
beacon frames received from its coordinator. Occasionally, indirect data 
transmission can also happen in non-beacon enabled mode. For 
example, during an association procedure, the coordinator keeps the 
association response frame in its transaction list and the device polls and 
extracts the association response frame. Un-slotted CSMA-CA or slotted 
CSMA-CA is used in the data extraction procedure [6]. 
 

• GTS data transmission:  
This only applies to data transfer between a device and its coordinator, 
either from device to the coordinator or from coordinator to the device. 
No CSMA-CA is needed in GTS data transmission [6]. 
 

2.2 Physical Layer 
The PHY provides an interface between the MAC sub-layer and the physical 
radio channel, via RF firmware and RF hardware, it has main purpose of data 
transmission and reception and is responsible for performing various other 
tasks including channel frequency selection, activation and deactivation of a 
sensor node, Link Quality Indicator (LQI), Energy Detection (ED) in a current 
channel and clear channel assessment (CCA) for carrier sense multiple access 
with collision avoidance (CSMA/CA), it supports the frequency bands of 868 
MHz with single channel having a data rate of 20 Kbps within the Europe, 915 
MHz with 10 channels having a data rate of 40 Kbps in USA and an ISM band 
of frequency 2.4 GHz with 16 channels having a data rate of 250 Kbps[6]. 

The following bullets contain some brief overview of the PHY layer 
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• Activation and Deactivation of radio transceiver 
Configure the sensor node into one of the mode transmitting, receiving 
or sleeping from the MAC sub-layer. 

 
• Energy detection (ED) within the current channel 

It is an estimation of signal received within the channel assigned 
bandwidth of IEEE 802.15.4, the result from energy detection is used by 
network layer for clear channel assessment (CCA), there is no attempt 
had been done to extract the packet. 

 
• Link Quality Indicator (LQI) for received packet 

LQI is measured for every packet which is received, the physical layer 
use receivers energy detection (ED), signal to noise ratio or the 
combination of both to measure the strength of packet and the LQI result 
is also used by a network layer. 
 

• Clear channel assessment (CCA) for carrier sense multiple access 
and collision avoidance (CSMA/CA)  
The physical layer perform the CCA (clear channel assessment) using 
Energy detection (ED), carrier sense or both in energy detection, the 
medium is assumed to be busy if it has some energy above a predefined 
threshold level and in carrier sense, the medium is considered to be busy 
if it has a modulation and spreading characteristics of IEEE 802.15.4 
detected; and in combination both technique are used to get the 
information in advanced to see if the channel is busy or not [6]. 
 

• Channel frequency selection  
In 802.15.4 there are altogether 27 channels, physical layer tune itself 
into a certain channel upon receiving request from MAC layer.    
 

• Data transmission and reception    
In this part the modulation and spreading techniques are to be discussed, 
here 2.4 GHz physical layer has 16-ary quasi orthogonal modulation 
techniques, at which each four information bits mapped into a 32 chip 
pseudo-random noise (PN), P-N sequence for successive data symbols 
are then concatenated and modulated onto the carrier using Offset 
Quadrature Phase Shift keying (O-QPSK).Some other frequency band 
868/915 MHz PHY have direct sequence spread spectrum (DSSS) with 
binary phase shift keying technique used for chip modulation and 
differential encoding use for data symbol encoding. Every data symbol 
is being mapped into 15 – chip pseudo-random sequence and 
concatenated PN sequences are then modulated onto the carrier using 
BPSK with raised cosine pulse shaping [6].     
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2.3 MAC layer 
MAC sub-layer of this standard provide several features, it generates the 
beacons if there are beacon coordinators in the network , synchronize the 
network to the beacons, provide device security , employing CSMA/CA for 
channel access , also  handle and maintained the GTS (guaranteed time slot) 
mechanism, and provide a reliable links between two peer MAC entities. The 
MAC sub-layer provides an interface between the SSCS (service specific 
convergence sub-layer) and the PHY. 

The following sub-section contain some brief overview of the MAC layer 

• Generating Network beacon if device is coordinator 
The device generate a beacon when it is full function device ; and a 
super-frame is also associated with the beacon , the super-frame has 16 
slots , divided into Contention access period (CAP) using CSMA/CA 
technique and contention free period (CFP) using TDMA for accessing 
the channel and they are known as Guaranteed time slot (GTS). 
 

• Synchronization to beacon 
The device in network get synchronized with the beacon generated by 
the beacon coordinator and this beacon is generated by coordinator after 
every pre-defined intervals, the reason of synchronization are data 
polling, energy saving and the detection of an orphan device within the 
range of a beacon. 
 

• Supporting personal area network association and disassociation 
The 802.15.4 has a built-in association and disassociation feature which 
help in setting-up topology and also helps in self-configuring other 
topologies including peer to peer and others etc.  
 
 

• Employing CSMA/CA (carrier sense multiple access and collision 
avoidance)  
For a channel access the 802.15.4 use carrier senses multiple access and 
collision avoidance algorithm, while other protocols use RTS/CTS 
mechanism. 
 

• Handling and maintaining guaranteed time slot mechanism (GTS) 
When device start working as a coordinator then it will generate a super-
frame and some of the portion is divided into contention access 
period(CAP) and some of it into contention free period(CFP), it 
contained slots named GTS (guaranteed time slot) for a communication 
between coordinator and a device. 
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• Provide reliable link between two peer MAC entities    
The MAC sub-layer of 802.15.4 embed several features to improve the 
communication between devices for example frame acknowledgement, 
retransmission and data verification by 16 bit CRC as well as 
CSMA/CA    

2.4 Application of IEEE 802.15.4 

IEEE 802.15.4 Provide the basis for Zigbee, each of them complete the 
networking solution by developing upper layers, which are not covered by this 
standard.  

2.4.1 Zigbee 

Zigbee is a newly developed wireless protocol which build’s the higher layers 
of communication stack known as OSI (Open Systems Interconnection), using 
the lower layers of IEEE 802.15.4 as a basis which are designed considering 
the factors low-cost and low-power. These lower layers are termed as MAC 
and a PHY layer. 

It operate on three operating bands known as 868 MHz , 915 MHz and 2.4 GHz 
having a data rate of 20 Kbps , 40 Kbps and 250 Kbps respectively , some of 
the important feature of this protocol are, reliability , less-energy consumption 
due to low data rate. Zigbee technology can be used in the deployment of 
wireless control and monitoring application on a large scale, its low-power 
feature allows the usage of batteries to be used for longer life. 
 
This wireless technology is intended to be less expensive for W-PAN (Wireless 
Personal Area Network) such as Bluetooth and Wi-Fi, Since Zigbee can 
activate (from sleep to activate) in 15 m-sec, and therefore the response time of 
zigbee is much more than the Bluetooth which is around 2 to 3 seconds, Zigbee 
can sleep most of the time, therefore there is a less power consumption ; which 
results in long battery life, Zigbee has an AoDV (Ad-hoc on demand distant 
vector) routing standard , it is highly stable for mesh topology, Zigbee can be 
used in various areas , including 
 

• Home awareness: Water sensors, power sensors, energy monitoring, 
smoke and fire detectors, smart appliances and access sensors 
 

• Home entertainment and control: Smart lighting, advanced 
temperature control, safety and security, movies and music 
 

• Mobile services: m-payment, m-monitoring and control, m-security and 
access control, m-healthcare and tele-assist.  
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• Commercial buildings: Energy monitoring, HVAC, lighting, access 
control 
 

• Industrial plants:  Process control, asset management, environmental 
management, energy management, industrial device control, machine-
to-machine (M2M) communication 

It has two transmission modes; Beacon enabled mode and non-beacon enabled 
mode. In beacon enable transmission slotted CSMA/CA is used, nodes get 
sleep in the beacon intervals by lowering their duty-cycle and extending the 
battery life. 
 
In the non-beacon enable mode an un-slotted CSMA/CA is used in this mode 
the sensor node continuously turned-on its receiver, this requires a robust 
power supply indeed, in this kind of mode heterogeneous nodes are presented, 
some of them continuously in a receive state and some of them waiting for an 
interrupt to be turned on. 
    
In general zigbee protocol minimize the on time for radio such as turn on the 
receiver of nodes only when there is a beacon generated by the node known as 
pan-coordinator, and during the interval of next beacon generation the 
transceiver of the node is turned-off and alot of energy of a node can be saved; 
this makes it highly energy efficient protocol. 

 



Topology  

11 

3 Topology  

Depending on the application requirements, an IEEE 802.15.4 LR-WPAN 
operates in two topologies: the star topology or the peer-to-peer topology. Both 
are shown in Figure 3-1. In the star topology communication is established 
between devices and a single central controller called a pan-coordinator. A 
device typically has some associated application and is either the initiation 
point or the termination point for network communications. A pan-coordinator 
may also have a specific application, but it can be used to initiate, terminate, or 
route communication around the network. The pan-coordinator is a primary 
controller of PAN. All devices operating on a network of either topology shall 
have unique 64-bit addresses. This address may be used for direct 
communication within the PAN, or a short address may be allocated by the 
pan-coordinator when the device associates and used instead. The pan-
coordinator might often be main-powered, while the devices will most likely be 
battery powered. Applications that benefit from a star topology include home 
automation, personal computer (PC) peripherals, toys and games, and personal 
health care [7]. 

 

 
 

Figure 3-1 Star and peer-to-peer topology [7] 

 
The peer-to-peer topology also has a PAN coordinator; however, it differs from 
the star topology in that any device may communicate with any other device as 
long as they are in range of one another. Peer-to-peer topology allows more 
complex network formations to be implemented, such as mesh networking 
topology. Applications such as industrial control and monitoring, wireless 
sensor networks, asset and inventory tracking, intelligent agriculture, and 
security would benefit from such a network topology. A peer-to-peer network 
can be ad-hoc, self-organizing, and self-healing. It may also allow multiple 
hops to route messages from any device to any other device on the network.  
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PAN selects a unique identifier. This PAN identifier allows communication 
between devices within a network using short addresses and enables 
transmissions between devices across independent networks. The mechanism 
by which identifiers are chosen is outside the scope of this standard [6]. 

3.1 Star-Network Formation 

The basic structure of a star network is illustrated in figure 3-1. After an FFD is 
activated, it can establish its own network and become the pan-coordinator. 
All-star networks operate independently from other star networks. This is 
achieved by choosing a PAN identifier that is not currently used by any other 
network within the radio sphere of influence. Once the PAN identifier is 
chosen, the PAN coordinator allows other devices, potentially both FFDs and 
RFDs, to join its network.  

3.2 Peer-to-Peer Network Formation 

In a peer-to-peer topology, each device is capable of communicating with any 
other device within its radio sphere of influence. One device is nominated as 
the pan-coordinator, for instance, by virtue of being the first device to 
communicate on the channel. Further network structures are constructed out of 
the peer-to-peer topology and it is possible to impose topological restrictions on 
the formation of the network. 
 
An example of the use of the peer-to-peer communications topology is the 
cluster tree. The cluster tree network is a special case of a peer-to-peer network 
in which most devices are FFDs. An RFD connects to a cluster tree network as 
a leaf device at the end of a branch because RFDs do not allow other devices to 
associate. Any of the FFDs may act as a coordinator and provide 
synchronization services to other devices or other coordinators. Only one of 
these coordinators can be the overall pan-coordinator, which may have greater 
computational resources than any other device(s) in the PAN. The pan-
coordinator forms the first cluster by choosing an unused PAN identifier and 
broadcasting beacon frames to neighboring devices. 
 
A candidate device receiving a beacon frame may request to join the network at 
the pan-coordinator. If the pan-coordinator permits the device to join, it adds 
the new device as a child device in its neighbor list. Then the newly joined 
device adds the pan-coordinator as its parent in its neighbor list and begins 
transmitting periodic beacons; other candidate devices may then join the 
network at that device. If the original candidate device is not able to join the 
network at the pan-coordinator then it will search for another parent device. 
 
The simplest form of a cluster tree network is a single cluster network, but 
larger networks are possible by forming a mesh of multiple neighboring 
clusters. Once predetermined application or network requirements are met, the 
first pan-coordinator may instruct a device to become the pan-coordinator of a 
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new cluster adjacent to the first one. Other devices gradually connect and form 
a multi-cluster network structure, such as the one seen in Figure 3-2. The lines 
in Figure 3-2 represent the parent-child relationships of the devices. The 
advantage of a multi-cluster structure is increased coverage area, while the 
disadvantage is an increase in message latency [7]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-2 Cluster tree network [7] 

 

3.3 Multiple star topology 

Wireless LAN technology in its current implementation require the nodes to be 
in the vicinity of an access-point attached to the wired data network, the star 
topology is necessary to combine with many access points spread across a 
building to ensure wireless coverage; All the access points report back into the 
main star hub, where server resources would reside on the network as shown in 
figure 3-3, in this topology devices are connected to their own central device 
and form a star, if any node get disconnected from its access point then it waits 
for the time to get reconnected with the same hub or switch, this situation cause 
alot of packet loss in the network and isolate a particular disconnected device 
from the network for a very long time ; since there is no routing technique in 
this topology therefore the disconnected device will never connect to other 
station (Switch/hub). 
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Figure 3-3 Multiple-star network 

 

Star 1 

Star 2 

Star 3 
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4 Wireless Star-based Mesh topology 

Analysis 

4.1 Introduction 

Conventionally wireless star and mesh topology are suitable or worked well 
under the obstacle free environment, but when these topologies are introduced 
in an obstacle or in an industrial environment then the placement of sensor 
nodes according to LOS (Line of sight) becomes a challenge. The nodes have 
to be placed in a harsh environment therefore occurrence of physical obstacles 
between the sensor nodes is natural; performance of either star or mesh 
topology gets highly degraded and the number of packet drops increased 
significantly. Several measurements have been done in-order to overcome the 
packet-loss and increase the efficiency of network which causes increment in 
the maintenance cost. 
 
In-order to understand the situation more precisely, an assumption has been 
considered in which several sensor nodes has been deployed on different places 
in a harsh environment and are synchronized by a single full functional device 
known as coordinator or pan-coordinator , 802.15.4 is used having Zigbee on  
the top which has an improved routing protocol of AoDV (Ad-hoc On Demand 
Distant Vector) but still if any obstacle arrive between the nodes during the live 
communication then the path will either get destroyed or an alternative path 
will be chosen by a node to complete the transmission which  will increase the 
hops, due to which the delay occurred in transmission and packet loss increased 
significantly. 
  

4.2 Topology Overview 

For enabling a reliable transmission, with least number of hops and less packet 
drops, a new topology has been proposed which includes the combination of 
both star and a mesh topology, known as star-based mesh topology, since it has 
been assumed initially that arbitrary number of nodes has been placed in 
factory or in any harsh environment for the monitoring and only one 
coordinator known as pan-coordinator among the sensor nodes is synchronizing 
all other nodes as this is an obstacle based environment therefore some of the 
node get synchronized by the coordinator’s beacon and some of them lost the 
beacon from coordinator because of obstacle in path which increase the amount 
of packet drops or increase the number of hops . 
 
To overcome the above situation multiple coordinators were introduced and 
configured as pan-coordinator. The advantage of including multiple pan-
coordinators is reduction of number of hops. Since it’s a brief introduction, 
therefore the details of this topology will be given in the later sections. 
However an idealistic approached figure of star-based mesh topology is given 
below figure 4-1.       
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Figure 4-1 Multiple star based mesh topology 

 

An approach of implementing star-based mesh topology has been already 
defined in Figure 4-1, and it has been assumed that all the devices are 
connected with their respective full function devices i.e. coordinator known as 
pan-coordinators of a sub-network, each pan-coordinator in a network has 
unique PAN-ID and the devices associated with it via this ID, since it’s a star-
based mesh topology therefore devices can also communicate with each other 
using some routing protocol , however in this scenario the only thing which is 
concerned is a transfer of data from devices to coordinator , because all the 
devices has to send their respective data to their particular coordinator through 
which they are connected via PAN-IDs while the pan-coordinators of sub-
networks are connected to main gateway through wires , therefore no obstacle 
avoidance has been done in the wired technology as it will be already a fail-
safe transmission, in figure 4-1 solid thin lines are representing the primary 
function of the topology , while dotted version are the secondary task i.e. an 
alternative routing path for maintaining communication , which can be done 
whenever needed. 

 
Below in figure 4-2, an approach of implementing multiple star-based mesh 
topology described at figure 4-2(a) it has been assumed that the nodes are 
scattered in some area, it might be some harsh environment or some open field 
for the measurement of an environmental condition, it has to be noted that since 
Zigbee protocol is to be used therefore there must be at-least one full function 
device known as coordinator or a PAN-coordinator , which can synchronize the 
entire network devices with its beacon generated after every regular interval of 
time, while figure 4-2(b) shows the synchronization of the node and there 
activity , and also the Personal Operating Space (POS) of nodes via dotted 
circle , during the synchronization process the devices only tends to get 
synchronize with the full function coordinator instead of accepting any kind of 
data , once they get synchronized with the pan-coordinator then the transfer of 
data will occur immediately between node to node or between node to 
coordinator as shown in figure 4-2(c) , the dark line doesn’t mean a wired line 
but it shows communication between the devices and coordinator , the more 
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appropriate description will be shown in figure 4-2(d) where red circle 
indicates PAN-Coordinator , but since we are dealing with an harsh 
environment  therefore if there is any obstacle between the devices then the 
communication between the devices not only get distracted but also sometime 
the devices lost their synchronization with the coordinator or also the number 
of hops get increased  as shown in above figure 4-2(d) ,again in this figure 
there are two devices indicated by pink circle which are assumed in the worst 
case that they have totally lost their synchronization from the pan-coordinator 
and get disconnected from the network; as shown in figure 4-2(e) in-order to 
overcome this situation the topology is divided into four quadrants with 
different coordinators , this reduces the number hops in the topology in case of 
obstacles in between and also reduce the risk of devices to get disconnected 
from the network. 

However there are different problems which were faced during the practical 
implementation of this scenario , for example enormous amount packet drops 
due to beacon collisions by the coordinators in the vicinity and another problem 
which is being faced is in deploying of nodes because with a random placement 
of the nodes in an harsh environment the threshold level of nodes get highly 
effected which effect the efficiency of the network , all these problems have 
been solved practically and will be described later in this report.   
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Figure 4-2 a) nodes randomly placed b) nodes synchronizing c) nodes connected d) 
single PAN coordinator e) multiple PANs network 

      

(d) 

(e) 

(c) 

(b) (a) 
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5 Radio Simulator based on NS-2 

 

An option of simulator is useful under tight budget and snug timing constraints, 
there are many different types of simulator available but the problem with some 
simulator is that they require license which is not a cost efficient solution, but 
some of them which are available become so much complex that even 
understanding them required great amount of time and skills, therefore for a 
quick start and easy installation an effective simulator has been chosen named 
as Network Simulator NS-2.  
 
Before an introduction to NS2 (network simulator) it should be understood 
properly that use of simulator provides ease in flexibility and reconfiguring the 
entire system, it also provides an opportunity to study the large networks with 
small or no budget and provide platform for easier comparisons ,and  also the 
interested phenomena can be reproduced as many time required. 
 
NS2 is a short for network simulator version 2, it is an event driven object 
oriented simulator, it helps researcher in implementing networking protocol 
such as TCP (Transmission control protocol), UDP (universal datagram 
protocol), traffic source behaviors such as FTP (File transfer protocol), Telnet, 
WEB , CBR (constant bit ratio) and VBR (variable bit rate), router queue 
management system for example CBQ , RED and Drop-Tail also routing 
algorithm such as Dijkstra , AODV and many more etc. 
 
NS2 is written in two different languages the first one is C++ and the other is 
an OTCL. The reason of writing it in different languages is to make NS2 
processing speed fast for packet processing and event processing, an event 
scheduler and the basic network component objects in the data path are defined 
and compiled in C++. The objects compiled in C++ available to OTCL through 
an OTCL linkage which can transform the C++ object to corresponding OTCL 
objects. It also makes the control functions and the configurable variables of 
C++ object act as affiliated functions and variables of the corresponding OTCL 
object this is how the control is transferred to an OTCL in the simulator. Below 
is the figure 5-1 showing an architectural view of an NS2 simulator. 
 



Radio Simulator environment 

20 

 
 

Figure 5-1 Architectural View of NS [8] 

  

In an above architectural view a general user can assumed to be standing at the 
bottom, designing and running simulations in Tcl 8.0 using objects from OTCL 
library, an event-scheduler and network components are made in C++ and are 
available to OTCL via OTCL linkage which is made by using Tclcl. This 
whole thing makes an NS, which is object oriented extended Tcl interpreter 
with the network simulator libraries [8]. 

Designer can design any type of network topologies comprising of nodes, 
routers, links and shared media. A well-defined set of protocol objects can then 
be attached to nodes, usually as agents. It had already becomes a well-known 
standard in networking research, But, since ns-2 is an academic project, 
therefore the main purpose is to evaluate the existing network’s performance or 
the performance of network with new design of networks or components [9]. 

 

5.1 Software structure and working of NS-2 
 

It has been already known that NS2 is an event triggered based simulator, all 
the tasks which has to be occur are stacked into a scheduler known as event 
scheduler, and the simulation time is also tightly associated with the events 
processing. 
 
NS-2 can design protocols for transportation layer , routing protocols , link 
layer mechanism and the transporting queues , it also model’s essential network 
component , traffic models and different kind of applications, therefore one 
simulator can help in simulating all the parts of network , which saves great 
amount of time and cost. 
 
When the simulation is done, the final results are shown in the generated file 
known as trace file, it is a very detailed file and it contain all the events and 
processes which has been done during the simulation, all the information about 
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routing of a data has been taken from the network layer maintaining the event 
details line by line. 
 
 After all this details it has to be evaluated now ; why NS2 is known as an event 
driven simulator , since it store all the events happen in the simulation , so it 
will be easier for a user to evaluate the network performance for example 
evaluation of routing protocols , MAC layer load and etc [9]. 
 
 

 

Figure 5-2 Block diagram of NS-2 [9] 

 
The figure 5-2 defines the data flow, user can enter an OTCL code, and with 
that OTCL script an event scheduler initiates and also the network topology is 
being setup by the network objects and by plumbing functions in library, also 
tells the source node when to start and stop the transmission of data through an 
event scheduler , an OTCL code is then transmitted to an NS2 which can be 
treated as an object oriented (OTCL) script contain simulation event scheduler 
and network component object libraries and also network setup module 
libraries [9]. 
 
After all the detailed network construction and traffic simulation will be done 
in NS-2, when finally a simulation is finished a text based output file has been 
generated that has a detailed simulation data use for the analysis of each and 
every special event that occur during the simulation. 

 
Figure 5-3 Layered architecture of NS2 [9] 
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In the above figure 5-3 it has been shown that all the work including event 
scheduler and most of the network component are implemented using C++ 
while OTCL level is on the top of it to make simulation much easier to be 
conducted. Over the Tcl level we see the overview of the network. That is the 
simulation scenario. These all things combined as so called ns-2 software [9]. 
 

5.2 Research methodology 
 

The research methodology which has been used here is the triangulation 
method; the idea is that one can be more confident with a result if different 
methods lead to the same result. If an investigator uses only one method, the 
temptation is strong to believe in the findings. If an investigator uses two 
methods, the results may well clash. By using three methods to get at the 
answer to one question, the hope is that two of the three will produce similar 
answers, or if three clashing answers are produced, the investigator knows that 
the question needs to be reframed, methods reconsidered, or both, there are 
different case studies, experiments and survey have been done on each 
simulating scenario, below is the figure 5-4 which illustrates the method for 
implementing multiple star based mesh topology. 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5-4 triangulation method for research 

 

5.3 Steps Required for Simulation 
 

In-order to successfully initiate a simulation and capture the desired results 
there are different steps required for it, and are as follows. 

5.3.1 Appearance of a network    

This includes the whole view of a network topology including the orientation 
of sensor nodes with respect to different positions on ‘x’ and ‘y’ coordinates. 

1) Mesh topology with 
single Pan-
coordinator without 
the shadowing 
model 

2) Mesh topology with single 
Pan-coordinator with the 
shadowing model 

3) Mesh topology with 
multiple Pan-coordinators 
with the shadowing model 
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5.3.2 Internal description of a network 

Since the simulation mainly about sensor networks which can be of both 
wireless and wired scenario and etc., so it is necessary to assign every nodes 
with its own transmission time, this includes the sensor node known as full 
function device it can either be pan-coordinator for controlling a PAN or a 
coordinator just for relying the messages, and also it should also be clearly 
defined what kind of connection is required or a transmission, for e.g. wired or 
wireless and FTP over TCP or CBR over UDP. 
 
A detail configuration of sensor node is also required, for example in case of 
802.15.4/Zigbee a node has to be configured either as a full-function device 
(FFD) or as a reduced function device(RFD) , and also when the simulation 
needed to be finish after defining as starting time of a node , in-order to analyze 
the situation a user has to generate a trace file by defining some commands for 
the generation of a trace file , all of the above defined sensor network 
initialization and generation of trace-file will be done in an OTcl language. 
 

5.4 Defining TCL script to execute wireless simulation  

In this section some of the most important functions of a TCL script (can be 
found in appendix: 1) are to be discussed in different steps. 
 
Step # 1: 
Initially an instance has to be declared to create a simulator for a required 
simulation, known as an instance of simulator. 
 
                                                  Set ns_ [new simulator] 
 
An above function “simulator” is clearly described in a file system of NS-2 
simulator and is being called from there it can be found at …~/ns-
2.34/common/simulator [.cc and .h], this generate an NS object instance and to 
variable ns, This particular instance is used for the initialization of packet 
format, create an scheduler and select the default address format. 
There are some member functions to the simulator that can perform the 
following actions,  
 

• Create nodes and links 
• Connect the network component objects created.  
• Set network parameters.  
• Establish connection between agents (example : creating links between 

source and sink) 
• Specifying NAM display option. 
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  And many more Member function for simulation setup and scheduling, 
however some of them are for NAM display. The simulator object member 
functions implementation is located in ….  ~ns-2.34/tcl/bin/ns-lib.tcl.  
 
Step # 2:  
In-order to generate a trace-file; a function has been defined to generate a trace-
file for the analysis of simulation. 
 

Set tracefd [open ./wpan_demo4.tr w] 
$ns_ trace-all $tracefd 

These functions and some other functions like this drive the simulator to write a 
trace file. 
 
Step # 3: 
 In-order to keep the track of number of nodes in the network boundary is given 
by a topology object   

Set [new Topography] 
An above function “topography” is clearly described in a file system of NS-2 
simulator and is being called from there it can be found at …~/ns-
2.34/mobile/topography [.cc and .h] 
 
Step # 4: 
The topography is defined by the grid on X and Y axis, using function, 

$ topo load_flatgrid $val(x) $val(y) 
Initially the grid resolution is 1 and a different value of grid can be passed 
using  

Load_flatgrid {} 
set god_ [create-god $val (nn)] 

 
Step # 5:                  
A function create-god is defined in $ns2_home/tcl/mobilitycom.tcl, it is used to 
store the entire information of the network only one instance of a god is 
permitted for a simulation; this object is called internally by MAC objects in 
the node; therefore we must have god in every case. 
 
Step # 6: 
Before the creation of a node , the following steps are necessary to be done ; 
which includes definition of protocol , link layer, ifq , and MAC layer etc 
syntax is shown below, 
 
$ns_ node-config -adhocRouting $val(rp) \ 
  -llType $val(ll) \ 
  -macType $val(mac) \ 
  -ifqType $val(ifq) \ 
  -ifqLen $val(ifqlen) \ 
  -antType $val(ant) \ 
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  -propType $val(prop) \ 
  -phyType $val(netif) \ 
  -topoInstance $topo \ 
  -agentTrace OFF \ 
  -routerTrace OFF \ 
  -macTrace ON \ 
  -movementTrace OFF \ 
                #-energyModel "EnergyModel" \ 
                #-initialEnergy 1 \ 
                #-rxPower 0.3 \ 
                #-txPower 0.3 \ 
                 -channel $chan_1_ 
 
Step # 7: 
The motion of nodes can also be define; but it is not required here, still it can 
be done in future by using the following functions 

{ 
For {set I 0} {$i < $ val(nn)} {incr i} { 

Set node_($i) [$ns_node] 
$node_($i) random-motion 0  

# disable random  
                                                                 } 
 
Step # 8:  
The node positions are defined by X, Y and Z coordinates for example  

$node_ (0) set X_20.0 
$node_ (0) set Y_25.0 
$node_ (0) set Z_0.0 

 
Step # 9: 
 Traffic between the nodes is assign by the following functions; for example 
CBR over UDP or FTP over TCP from .tcl file. 
 
Step # 10: 
Suppose if the node movement is required then the following command can be 
used to initiate it. 
 
$ns_ at 50.0 node_(1) setdest 25.0 20.0 15.0 [this is not done in the simulation] 

 
Here,  
50.0 is the time in seconds 
25.0 is the direction in X 
20.0 is the direction in Y 
15.0 is the speed in m-sec 
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Step # 11: 
The command through which the simulation is stop after a particular time is, 
 

for {set i 0} {$i < $val(nn) } {incr i} { 
    $ns_ at $stopTime "$node_($i) reset"; } 

 
Step # 12:  
After all the work has been done, the final command is use to start the 
simulation and it will be termed as ; 

Put “starting simulation…\n”  
$ns_run 

 
There are different other functions which can also be defined, but they are not 
necessary to be explained; incase of large networks the configuration of nodes 
become a challenging and huge task , but because of a trace-file and with the 
help of some tools the analysis of scenario becomes easy [9] . 
 

5.5 Nodes in NS-2 (Network simulator-2) 
 

The sensor nodes in IEEE 802.15.4 consists of 2 types of nodes including full 
function device (FFD) and reduced function device (RFD), they are classified 
by using different parameters in NS-2 known as primitives which are used in 
MAC and PHY layer, altogether there are 49 primitives using these primitives 
any , device can either be programmed as full function device or a reduced 
function device, in  NS-2 the nodes are modeled in ~/ns/sscs [.cc, .h], the nodes 
are executed by writing some script in OTCL language, which will be 
discussed later in the coming section. 

5.5.1 Nodes Configuration 

Since in this project most of the work has been done on an OTCL language 
therefore an explanation of node configuration will be defined here in the 
perspective of an OTCL script, to configure a node to Pan-Coordinator some 
parameters have to be defined in ~/ns/sscs [.cc, .h] and some parameters for an 
execution need to be stated in an OTCL language as defined below. 
 
$ node SSCS StartPANCoord <txBeacon =1> <beacon Order = 3> 
<superframeorder = 3> 
 
This command syntax is use to initiate a Pan-Coordinator in a network, & any 
device can be made pan-coordinator by using above syntax, even if any of the 
above parameters are omitted, then the default values in an above equation can 
be used and they are configured in ~/ns/sscs [.cc, .h] Some examples for setting 
an FFD (full function device) i.e. pan-coordinator this time can be defined by,  
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$node_(0) sscs startPANCoord 
Or 
$node_(0) sscs startPANCoord 1 2 2 
 
Similar to above stated lines, the device or a simple coordinator (not a PAN-
coordinator) can be setup , the syntax for configuring a node to device or either 
an FFD (full function device) will be ,  
 
$ node SSCS startdevice <isFFD = 1> <assopermit = 1> <txBeacon = 0> 
<beacon order = 3> <superframeorder = 3> 
 
The above command turned on the node as a device or a coordinator, if some of 
the parameter is neglected than the rest of parameters will get set by default 
variable as defined above, some example is given below.  
 
$node_ (0) sscs startDevice 0        //device 
$node_ (0) sscs startDevice           //coor non-baecon 
$node_ (0) sscs StartDevice 1 1 1 // coor beacon enabled 
 
Similar process has been done, if the device has to be used in the cluster tree 
topology; in the cluster tree topology; to setup a pan-coordinator in a CT 
(cluster tree topology) syntax which has to be written is  
 
$node SSCS StartCTdevice <isFFD = 1> <assopermit =1> <txBeacon = 0> 
<beacon order = 3> <superframe order = 3> 
 
In order to transmit the beacon in the non-beacon enabled mode ; or to change 
the order of all the beacon-order and super-frame order if originally in beacon 
mode ; then the following command has been used ; 
 
$node sscs startBeacon <beacon order = 3> <superframe order = 3> 
   
And if then by some reason the transmission of beacons need to be stopped 
then the following command is to be used  
 
$ node SSCS stopBeacon   
 

5.6 Trace file analysis 
 
After a simulation has been performed a resultant file will be generated known 
as trace-file, it is a huge detailed file normally a size of 600 MB, comprised of 
50K+ lines which covers each and every detail of the packet including its 
execution time, packet sent, received or drop report, and also the path through 
which packet is received  by a destination node  , and which node dropped the 
packet at what time, with the help of trace file, analysis of delivery ratio in a 
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network becomes possible and also a drop analysis can be done in detailed 
manner , the file is organized but since a transmission in the nodes can be 
mostly done in mili-seconds which makes it very detailed and the analysis of 
network becomes hard without any particular tool , there are many tools 
available for this purpose which includes from heavy duty tool MATLAB to 
AWK programming, below figure 5-5 is the sample of some trace-file results. 
 
 
 
  

 

 

 
 
 
 
 
 
 
 
 

Figure 5-5 Trace-file of NS2 (network simulator) 

 

In the above figure 5-5, there are different fields, each one has its own 
significance, and first field represents either the “s” which means packet is 
being ‘sent’, or “r” which means packet is being ‘received’ or, “D” which 
means packet is ‘dropped’ , second field represents the time at each an event 
was occurred , third field represents the node ID , fourth field represents that a 
packet is concerned a MAC layer , fifth field is normally like “---“ but it’s a 
flag , and get active when any special event occur , for example in the above 
figure it is showing “APS” , active-passive scan , during that scan all the 
packets which are being accepted must have to be dropped ,sixth field is an 
event identifier , fifth field represents channel model CM-7 (channel model 7) , 
altogether there are 6  channel models (CM1—CM7) in NS-2 , eighth field is a 
packet size in byte , in a trace file ninth section comprises of [a b c d] 
fields,where, “a” is the packet duration in MAC layer, “b” is the MAC 
destination, “c” is the address of source and “d” is the MAC type of the packet 
body. 

5.6.1 AWK language for trace-file analysis 

So far the use of a trace file has been introduced, and its usage has also been 
defined, but another great challenge is that how to extract the data from the 
huge trace file, there are many techniques available on extracting the data from 
it via matlab or by an excel sheet, but another approach which is easy to use, is 
known as AWK language, An AWK language is specially designed for 
analyzing text based data , its name is derived from the surname of its authors 

s 0.000320000 _18_ MAC  --- 0 CM7 8 [0 ffffffff 12 0] 
s 0.000640000 _6_ MAC  --- 0 CM7 8 [0 ffffffff 6 0] 

r 0.000768033 _14_ MAC  --- 0 CM7 8 [0 ffffffff 12 0] 
r 0.000768033 _12_ MAC  --- 0 CM7 8 [0 ffffffff 12 0] 
r 0.000768033 _11_ MAC  --- 0 CM7 8 [0 ffffffff 12 0] 

D 0.000768047 _13_ MAC  APS 0 CM7 8 [0 ffffffff 12 0] 
r 0.000768094 _19_ MAC  --- 0 CM7 8 [0 ffffffff 12 0] 
r 0.001088033 _1_ MAC  --- 0 CM7 8 [0 ffffffff 6 0] 
r 0.001088033 _5_ MAC  --- 0 CM7 8 [0 ffffffff 6 0] 
r 0.001088033 _7_ MAC  --- 0 CM7 8 [0 ffffffff 6 0] 
r 0.001088033 _8_ MAC  --- 0 CM7 8 [0 ffffffff 6 0] 
r 0.001088047 _17_ MAC  --- 0 CM7 8 [0 ffffffff 6 0] 

D 0.001088047 _20_ MAC  APS 0 CM7 8 [0 ffffffff 6 0] 
D 0.001088067 _9_ MAC  APS 0 CM7 8 [0 ffffffff 6 0] 

s 0.001408000 _0_ MAC  --- 0 CM7 8 [0 ffffffff 0 0] 
s 0.001600000 _13_ MAC  --- 0 CM7 8 [0 ffffffff d 0] 
r 0.001856033 _1_ MAC  --- 0 CM7 8 [0 ffffffff 0 0] 
r 0.001856033 _8_ MAC  --- 0 CM7 8 [0 ffffffff 0 0] 

D 0.001856033 _16_ MAC  LQI 0 CM7 8 [0 ffffffff 0 0] 
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named as Alfred Aho , Peter Weinberger and Brian Kernighan ; its syntax is 
more or less like a C language even more simpler than it , therefore it’s much 
easier and quick to learn this reduces the time on extracting a desired data , in-
order to write a programme we don’t need a compiler, however it can be 
written on a notepad and can be saved by using .awk extension , to analyze any 
trace file the following syntax can be typed at terminal of linux , for example 
[13]  
 

Awk –f file1.awk file2.tr > myfile.txt 
 

In an above syntax, the first field “awk” used to indicate during execution that 
this is an AWK command, and, 
 

• file1.awk: is a command file. 
• file2.tr: is a primary input file (.tr represent extension for a trace file). 
• out.txt: is an output file.  

 
An AWK file consists of a series of lines; each of them is on the form 
 
/pattern/ { action },  
 
Pattern is a regular expression, Action is a command. 
 

• Most implementations of AWK use extended regular expressions by 
default. 

• AWK looks through the input file; when it finds a line that matches 
pattern, it executes the command(s) specified in action. 

Other line forms: 
BEGIN {action} 
Executes action commands at the beginning of the script execution, 
 
END {action} 
Executes action commands after the end of input. 
 
/pattern/ 
Prints any lines matching pattern. 
 
{action} 
Executes action for each line in the input, more detailed code is shown is 
appendix 2.   
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5.7 Radio Propagation Model in NS-2 

 
In-order to make the scenarios near to practical implementation; there are three 
models for the radio propagations are introduced each of them has its own 
significance they are used to analyze the condition of network data 
transmission and reception of data packets , the types of radio propagation 
model are defined below. 
  

1. Free Space model  
2. Two ray ground reflection 
3. Shadowing model 

Normally the above stated propagation model are used to predict the signal 
power in NS2 (network simulator 2); in every node at a physical layer there is a 
threshold level define for every node; if the receiving packet is greater than the 
threshold level than it is accepted, otherwise it will be drop with a particular 
reason defined on it at a flag field, which can be easily seen in the trace-file, 
drop analysis will be done in later sections. 

5.7.1 Free Space Model 

It is a basic model which provide line of sight (LOS) based communication 
between transmitter and receiver and draws an imaginary circle of range, and 
device which goes out of that particular circle lost its communication and starts 
losing the packets, In this case receive signal power can be define as a function 
of distance (d), the equation 1 represents a free space model [10] 

 
Pr: Power received at distance (d) 
Pt: Transmitted signal power 
Gt: Gain of transmitter 
Gr: Gain of receiver 
/\: Wavelength 
D: Distance from transmitter 
L: Path loss 
 
 
 
  

(1) 
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5.7.2 Two-ray ground reflection model  

A single line-of-sight path between two mobile nodes is seldom the only means 
of propagation. The two-ray ground reflection model considers both the direct 
path and a ground reflection path. [10] 
 

 
 Pr (d) = Pt*Gt*Gr*ht2*hr2 

                                                                  d4 *L 
 

 
Here,  
Pr: Power receives at distance d. 
Pt.: Transmitted signal power. 
Gt: Transmitter Gain. 
Ht: Transmitter Antenna Height. 
Hr: Receiver Antenna Height. 
L: Path-Loss 
 
The above equation (2) shows a faster power loss than equation (1) as distance 
‘d’ increases. However, the two-ray model does not give a good result for a 
short distance due to the oscillation caused by the constructive and destructive 
combination of the two rays. Instead, the free space model is still used when ‘d’ 
is small. 

Therefore, a cross-over distance dc is calculated in this model. When d < dc, 
equation (1) is used. When d > dc, equation (2) is used. At the cross-over 
distance, equation (1) and (2) give the same result. So dc can be calculated as 

 
Below is the figure 5-6 showing a demonstration of two ray ground model. 
 
 

 

Figure 5-6 Two Ray ground model [11] 

 
A simulation is carried out with this scenario where the nodes are placed at an 
equidistant position from the coordinator. It is assumed to be 10m (this value is 
already set as a default in NS-2). 
 
The Physical parameters are summarized in the following table. 
 
 

(2) 
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Parameter Value 

Radio Propagation model Two-Ray Ground 

Antenna Type OmniAntenna 

Transmitter gain in dB (Gt_) 1.0 

Receiver in dB (Gr_) 1.0 

PathLoss 2.030x10
-6

 

Distance between nodes 10m 

Height of the transmitter (ht) 0.03125 m 

Height of the receiver (hr)  0.03125 m 

Distance from transmitter 25m 

    
The receive power can be calculated by using equation 2, as shown below 
 

Pr (d) = Pt*Gt*Gr*ht2*hr2 
                                                                  d4 *L 
 

Pr (25m) = 3.07645 x 10-7  
 

The test being conducted use  antenna for a 2.4 GHz, and the height of the 
antenna can be calculated as follows 
 

Speed of light = Frequency (f) x Wavelength (/\) 

 
 
But, in NS simulation the antenna height is produced as a set of coordinates, 
projecting it in a three dimensional space. The Z coordinate would give the 
antenna height over the ground. Hence for the NS simulations the coordinates 
of the antenna are assumed as follows. 
 

X_ = 0 
Y_ = 0 

Z_ = 0.03125 m 
 
The above defined propagation model is implemented in ns-2, along with its 
respective parameters and calculations and can be found in ~ns/tworayground 
[cc, h] 



Radio Simulator environment 

33 

5.7.3 Shadowing Model 

The free space model and the two-ray model predict the received power as a 
deterministic function of distance ‘d’. They both represent the 
communication range as an ideal circle. In reality, the received power at 
certain distance is a random variable due to multipath propagation effects, 
which is also known as fading effects. In fact, the above two models predicts 
the mean received power at distance ’d’. A more general and widely-used 
model is called the shadowing model  
 
A shadowing model consists of two different part; the first part defined a path 
loss model; this analyze a mean received power at distance “d” defined in 
equation (2) by Pr(d)  it uses an initial distance (do) as a reference. Pr(d)  is 
calculated with reference to Pr(do) as follows in equation (3) [10]. 

 

 

 

Here, β is the path loss exponent and usually empirically determine by field 
measurement, β is usually derive by using equation (2) the larger the values of 
β the more will be the obstacle in path and more faster will be decrease in 
signal power at a larger distance , Pr(do) can also be computed from equation 
(1) 
 

Environment   β (beta) 
Outdoor Free Space  2 
 Shadowed Urban area 2.7 to 5 
In Building Line of sight 1.6 to 1.8 
 Obstructed 4 to 6 

Table 5-1 Typical values of Path loss beta (β) [10] 

 
Environment Deviation in dB 

Outdoor 4 to 12 
Office, Hard partition 7 
Office, Soft partition 9.6 
Factory, line of sight 3 to 6 
Factory, obstructed 6.8 

Table 5-2 Typical value of shadowing deviation in dB [10] 

 
The path-loss is measured in dB so the equation (3) becomes, 
 
 

 
 
 
 

(3) 

(a) 
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The Second part of shadowing model defines the variation of the received 
power at some distance, which is a random variable, and a Gaussian distributed 
in dB. The shadowing model is represented by equation (4) [10]. 
 

 

 

 
In an above equation X-dB is a Gaussian random variable with zero mean and 
standard deviation  (sigma).  (sigma) is called the shadowing deviation, 
and is also obtained by measurement. Table 5-2 shows some typical values 
of  (sigma). 
 
It is to be noted that shadowing model consider the fact that the transmission 
area of a transmitter may be different at two different locations depending on 
the deviation values taken from table 5-2, which leads to measure signals that 
are different than the average value calculated by equation (a) since it’s a static 
shadowing model therefore the signal deviation is always fixed with respect to 
table 5-2 . 
 
Below is the figure 5-7 which gives an idea of shadowing model, since it deals 
with the obstacle based scenario therefore signal attenuation mainly occur and 
also signals gets diffracted. 
 

 
 

Figure 5-7 Signals get diffracted and are attenuated due to obstacles 

 

 
Shadowing propagation model is implemented in an ns-2 and can be found in 
~ns/shadowing [cc, h]. 
  
Here a static shadowing model is being implemented which means that the 
random attenuation factor will be relaxed for the random process which 
includes anonymous motion of nodes (transmitter and receiver). In the next 
section an implementation of shadowing will be defined in an OTcl script. 
 

(4) 
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5.7.3.1 Implementation of shadowing model in NS-2 

 
Before using shadowing model, the user should select the values of the path 
loss (β) exponent and the shadowing deviation () according to the simulated 
environment. 
 
And the syntax is given below, for example 
 
First and foremost a shadowing model needed to be initialized at the beginning 
of an OTCL script, where all the other variables are defined,  
 
set val (prop)           Propagation/Shadowing  ; 
 
This means that the shadowing is set as propagation, and then later be called in 
the script using the variable named Prop. 
 
# set values of shadowing model 
Propagation/Shadowing set pathlossExp_ 2.7   ; # path loss exponent 
Propagation/Shadowing set std_db_ 3.0           ; # shadowing deviation (dB) 
Propagation/Shadowing set dist0_ 1.0              ; # reference distance (m) 
Propagation/Shadowing set seed_ 0                  ; # seed for RNG 
 
Since the project work is focused towards a multiple-star based mesh topology 
in an industrial based environment therefore the values of path loss exponent 
and shadowing deviation have been chosen accordingly from table 5-2. The 
path loss exponent has been set to 2.7 which provides the path loss in a 
propagation model according to ‘shadowed urban area’   , shadowing deviation 
(dB) in the simulation has been set to 3.0 it provides the ‘factory, line of sight’  
environment. Reference distance has been set to 1.0 m by default, and the seeds 
are set to pre-defined seed denoted by a value ‘0’.  
 
Shadowing model creates a random number generator (RNG) object. The RNG 
has three types of seeds: raw seed, pre-defined seed (a set of known good 
seeds) and the huristic seed. But here it uses only ‘pre-defined’ seed; it is 
suitable for an industrial based environment. Other two seeds raw-seed and 
huristic seed deals with the terrain and an underwater environment for sensor 
nodes.  
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6 Simulation of scenarios 

 

Star based mesh topology is termed as a combination of star and mesh topology, 
the reason of developing this topology is that in a conventional mesh topology 
there is a single pan-coordinator which has to control all the other nodes in a 
network i.e. to receive or send the data and also synchronize all nodes by 
sending beacons after every regular interval of time, But if some congestion 
occur in a network then some of the nodes unable to send or receive the data on 
time or in worst case they loss their synchronization or connectivity from 
coordinator.      
 

In this chapter, 3 simulations have been discussed first simulation has been 
done by using a mesh topology with a two-ray ground reflection signal 
propagation model and a number of pan-coordinator in the network is only one. 
In the second topology single pan-coordinator has been placed and the 
propagation model which has been chosen this time is a shadowing model, 
while in the third and a last simulation there are five pan-coordinators to 
develop a multiple star based mesh topology and to synchronize the devices in 
an obstacle based environment. 
 
The reason of performing three different simulations is that, first simulation is 
done in a nearly ideal condition and the results has been noted to be used as a 
reference for a proposed multiple star based mesh simulation, second simulation 
has been done to collect the results in a worst condition when there is only one 
pan-coordinator to control the devices and the network is full of congestion 
which means that there will be alot of reflection and refraction and the signal 
will lost its strength exponentially, third and the last simulation has been done 
for a proposed multiple star based mesh topology and then compared with best 
case and worst case simulations.    
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All the simulations have been performed on a simulator known as NS-2 
(network simulator, ver-2) an idea of implementing star-based mesh topology is 
shown below in figure 6-1. 
 
 

 

 

 

 

 

 

 

 

 

 

          [a]                                                     [b] 

 

 

 

 

 

 

 

 

 

 

 
               [c] 

Figure 6-1 (a) star topology (b) mesh topology (c) star based mesh topology  

 
In figure 6-1, two different topologies have been shown (a) star topology, 
where red node is a pan-coordinator and green nodes are just normal devices, 
while blue extended thin circle is a beacon generated by a PAN-coordinator, 
figure 6-1 (b) shows the mesh topology with only one PAN-coordinator and 
other blue nodes are simple full function devices generating beacons after a 
regular interval of times , act as a relay node and are synchronized by the pan-
coordinators, it has been assumed that if star and mesh topologies merged 
together then a new topology will be established known as star-based mesh 
topology and an obstacle problem will be easily then handled also the number 
of hops will be reduced , figure 6-1 (c) shows a complete picture of a proposed 
idea in which A,B and C are three different pan-coordinators each with unique 
PAN-ID , other devices which are assumed to be an RFD (reduced function 
device) are connected with their respective coordinator , the dotted lines 
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display the assumption which has been made that any device  can change its 
pan-coordinator to another with least number of hops until unless the 
communication get disrupted due to the obstacles in path. All the pan-
coordinators in the network are connected through wired with each other, and 
are finally sending data to a master pan-coordinator which can either be Gate-
way, Network manager or a security manager, the reason of this wired 
connection is that pan-coordinator contain a complete data information which 
it received from respective nodes, sometime the data it contain can be critical 
and in-order to make a least distorted transmission among the coordinators all 
of them are connected via wires represented as a blue line (communication 
between pans is not a part of this thesis), a simulation on an NS-2 (network 
simulator-2) has been done  in-order to poof if the star-based mesh topology is 
useful in harsh environment or not , but before proceeding to primary 
objectives some secondary steps has been taken before to explain more 
precisely the need of star-based mesh topology. 
 

6.1 Scenario 1: (1 coordinator, propagation model: two-ray 

ground reflection, topology: mesh network)  

 
In first simulation it has been assumed that there are no obstacles in the 
network and the signal propagation chosen for this scenario is a two ray 
ground reflection model as described earlier in section 5.7.2, below figure 6-2 
shows the simulating scenario. 
 

 

 

 

 

 

 

 

 

 

 

 

                             

 

                   

 

Figure 6-2 (a) represents a simple idea, (b) represents an implementation of the 
scenario 

Figure 6-2 (b) shows the NAM (network animator) of a simulator NS-2 , in a 
scenario altogether 21 devices are used, differentiated as FFD (Full function 
devices) and RFD (Reduced function devices) all of these are synchronized via 
one particular full-function device termed as pan-coordinator, the transmission 
range of sensor nodes has been set as 12m by default in the simulator . 

(b) (a) 
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Transmission range is a function of carrier threshold (CSThresh_) and receiver 
threshold (RXThresh_), a complete implementation of these functions can be 
found in a file system of NS-2 i.e. ~ns/wireless-phy [.cc and .h]. 
  

6.2 Scenario 2: (1 coordinator, Propagation model: 

shadowing model, Topology: mesh network) 

In second simulation the same scenario has been repeated but this time radio 
propagation model introduced is a shadowing model as described in section 
5.7.3. The reason of this approach is that, in a real world the nodes deploy in a 
line of sight (LOS) orientation, but when the obstacle arrive then the data 
which is supposed to be received at the receiving end get refracted due to the 
obstacle in the path and never reach to a desired destination, or lost its power 
when collided with a lot of obstacle and failed to maintain the desired power 
level to break the threshold level of a node. 
 
This scenario with a shadowing radio propagation model caused deviation and 
multipath fading effect in the radio signals , which makes simulation near to 
real-world implementation , it has only one pan-coordinator to synchronize the 
devices ,  the path-loss exponent in a shadowing model is set to the value of 
2.7 and shadowing deviation is chosen to be 3.0 as previously described in 
chapter 5 section 5.7.3.1 , these values introduced an effect of  shadowed urban 
area and considered that nodes are LOS and are located in a factory , which 
means the environment is assumed to be very harsh for the data transfer and 
many obstacles will arrive in between the nodes ; below is the figure showing 
the effect of shadowing model on sensor nodes, analytical details will be 
discussed later. 
 

 
 
 
 

 

 

 

 
 

 

 

 

                Figure 6-3 Representation of the scenario with a shadowing model 

 
In figure 6-3 it has been clearly shown that all the nodes are black-out , which 
means that they are hardly transmitting or receiving the data , and a pan-
coordinator failed to synchronize the devices in a network , therefore in-order 



Simulation result and analysis 

40 

to re-establish the connection between nodes and pan-coordinator another 
simulation has been performed with some amendments in the currently exist 
mesh topology and will be discussed in the next section , while the calculation 
of this scenario will be explained and compare with other simulations in 
chapter 7.   
 

6.3 Scenario 3 (Multiple PAN-coordinator, shadowing model, 

star - based mesh network) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-4 Star based mesh topology 

In the figure 6-4, star-based mesh topology has been shown, with a shadowing 
model  implemented in it as described in section 5.7.3, it is to be noted that it’s 
a similar shadowing model which was implemented in the scenario 2 of section 
6.2 due to which the pan-coordinator was totally unable to synchronize the 
devices in a network, but after implementing multiple stars in the mesh 
topology (Multiple-Pan coordinator) , it has been observed via trace-file that a 
lot of beacons were dropped, due to this some of the device never get 
synchronized , in-order to reduce the beacon collision it has been decided to 
change the beacon generating order (BO) of coordinators , once the beacon 
order changed then beacon interval (BI) will also get effected , the reason of 
reducing the beacon collision is that, on every beacon collision the super frame 
generated by the pan-coordinator get effected , to avoid from this situation one 
of the possible solutions available is to change the BO , and make some delay 
in the beacons generated by the coordinators , so that the number of collisions 
get reduce . Five beacon enable based pan coordinators are added in the 
network out of 21 devices some of them act as a coordinator only and some are 
pan-coordinator. 

Formerly all the Pan-coordinators were generating beacon with a same interval 
as shown below, also to be noted that BO is set to 3 by default for every full-
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function device added in the network, but it can be changed manually if 
required. 
 

BI(beacon interval) = abasesuperframeduration x 2^BO symbols 
Abasesuperframeduration = abaseslotduration X anumsuperframeslots 
Abaseslotduration = 60 symbols 
Anumsuperframeslots = 16  
= 60 X 16  
= 960 
As here, BO = 3 therefore, 
BI = 960 x 2^3 symbols 
BI = 7680 symbols 
BI|250K = 7680/250000 
BI = 30.72msec 

Above calculation explains that all the pan-coordinators in a network are 
generating beacons after every 30.72 msec , which causes beacon collision in 
the network, and a lot of packets get drop because of this close intervals of 
generation of beacons , therefore different BO (beacon order) of different BI 
(beacon interval) were choosen in the increasing order , the reason is that if the 
BO increased then the BI (beacon interval) of the beacon generation will also 
get increased , and this will generate different beacons at different time , and it 
was observed from the trace file again that the beacon collision were greatly 
reduced , and more and more devices were associated with pan-coordinators 
via unique ID , the calculation of different beacon intervals for different PAN 
are given below , It is to be noted some of the full-function devices are acting 
as a coordinator only , but can be changed to pan-coordinator if required. 

 
For a Pan-coordinator having PAN-ID (0) 
The BO chosen is 12, so its BI will be 
BI(beacon interval) = abasesuperframeduration x 2^BO symbols 
Abasesuperframeduration = abaseslotduration X anumsuperframeslots 
Abaseslotduration = 60 symbols 
Anumsuperframeslots = 16  
= 60 X 16   
= 960 
As here, BO = 12 therefore, 
BI = 960 x 2^12 symbols 
BI = 3932160 symbols 
BI|250K = 3932160/250000 
BI = 15.72 sec 
 
For a Pan-coordinator having PAN-ID (3)  
The BO chosen is 10, so its BI will be 
BI(beacon interval) = abasesuperframeduration x 2^BO symbols 
Abasesuperframeduration = abaseslotduration X anumsuperframeslots 
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Abaseslotduration = 60 symbols 
Anumsuperframeslots = 16  
= 60 X 16  
= 960 
As here, BO = 10 therefore, 
BI = 960 x 2^10 symbols 
BI = 983040 symbols 
BI|250K = 983040/250000 
BI = 3.93216 sec 
 
 
For a Pan-coordinator having PAN-ID (2) [coordinator] 
The BO chosen is 5, so its BI will be 
BI(beacon interval) = abasesuperframeduration x 2^BO symbols 
Abasesuperframeduration = abaseslotduration X anumsuperframeslots 
Abaseslotduration = 60 symbols 
Anumsuperframeslots = 16  
= 60 X 16  
= 960 
As here, BO = 5 therefore, 
BI = 960 x 2^5 symbols 
BI = 30720 symbols 
BI|250K = 30720/250000 
BI = 122.88 msec 
 
For a Pan-coordinator having PAN-ID (17) (Beacon 
disabled)[coordinator](optional)  
The BO chosen is 15, so its BI will be 
BI(beacon interval) = abasesuperframeduration x 2^BO symbols 
Abasesuperframeduration = abaseslotduration X anumsuperframeslots 
Abaseslotduration = 60 symbols 
Anumsuperframeslots = 16  
= 60 X 16  
= 960 
As here, BO = 15 therefore, 
BI = 960 x 2^15 symbols 
BI = 32768 symbols 
BI|250K = 31457280/250000 
BI = 125.82 sec (Beacon disabled) 
 
For a Pan-coordinator having PAN-ID (6)  
The BO chosen is 8, so its BI will be 
BI(beacon interval) = abasesuperframeduration x 2^BO symbols 
Abasesuperframeduration = abaseslotduration X anumsuperframeslots 
Abaseslotduration = 60 symbols 
Anumsuperframeslots = 16  
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= 60 X 16  
= 960 
As here, BO = 8 therefore, 
BI = 960 x 2^8 symbols 
BI = 245760 symbols 
BI|250K = 245760/250000 
BI = 983.04 msec  
 
For a Pan-coordinator having PAN-ID (9)  
The BO chosen is 6, so its BI will be 
BI(beacon interval) = abasesuperframeduration x 2^BO symbols 
Abasesuperframeduration = abaseslotduration X anumsuperframeslots 
Abaseslotduration = 60 symbols 
Anumsuperframeslots = 16  
= 60 X 16  
= 960 
As here, BO = 8 therefore, 
BI = 960 x 2^8 symbols 
BI = 61440 symbols 
BI|250K = 61440/250000 
BI = 245.76 msec  

 
For a Pan-coordinator having PAN-ID (19) (beacon disabled)[FFD-
coordinator] (optional) 
The BO chosen is 15, so its BI will be 
BI(beacon interval) = abasesuperframeduration x 2^BO symbols 
Abasesuperframeduration = abaseslotduration X anumsuperframeslots 
Abaseslotduration = 60 symbols 
Anumsuperframeslots = 16  
= 60 X 16  
= 960 
As here, BO = 15 therefore, 
BI = 960 x 2^15 symbols 
BI = 31457280 symbols 
BI|250K = 31457280/250000 
BI = 125.829 sec (beacon disabled) 
 
For a Pan-coordinator having PAN-ID (20) 
The BO chosen is 7, so its BI will be 
BI(beacon interval) = abasesuperframeduration x 2^BO symbols 
Abasesuperframeduration = abaseslotduration X anumsuperframeslots 
Abaseslotduration = 60 symbols 
Anumsuperframeslots = 16  
= 60 X 16  
= 960 
As here, BO = 7 therefore, 



Simulation result and analysis 

44 

BI = 960 x 2^7 symbols 
BI = 122880 symbols 
BI|250K = 122880/250000 
BI = 491.52 msec  
 

It has to be learned first that the delay is chosen according to the orientation of 
the pan-coordinators in the network because the BI of nearby coordinator 
should be of different period so that the probability of collision of beacons 
become less, it has been noted during the simulation that due to this variable BI 
some of the devices connected immediately to the coordinator and some take 
time to synchronize with coordinator, although there were less number of 
packets transfer in scenario 3 but the delivery ratio get boosted as compare it 
was before in the scenario 2 which will be discussed later in the later sections. 
 
As this is a newly developed topology, therefore a lot of changes have been 
done in the code unlike to scenario 2 and scenario 1 in section 6.2 and 6.1 
respectively which were taken from the pre-developed code from NS2 file 
system, In this newly developed topology, new pan-coordinators were 
introduced in a way, that it looks like multiple stars in the mesh topology, 
every pan-coordinator in the network has its own unique ID. 
 
The Main idea behind this topology is to reduce the number of hop counts 
which exponentially get increased, and alot of packet-loss when the route 
become lengthy , by introducing multiple stars in the network it has been 
assumed that the number of hops will be reduced to a great number , since 
there will be some more Pan-coordinators in the network in the vicinity of 
devices therefore instead of lengthy routing path or disconnection of nodes 
from the network , it will eventually connected to other Pan-coordinator with 
separate PAN-ID and start transmitting or receiving the data with less number 
of hops . 
 
There is mixed transmission working in the network, CBR sending the 5 
pkts/sec and POISSION with an average of 5 pkts/sec , this will work 
randomly whenever required by the user in between any nodes , but in this 
project the main concern is to establish a connection between the nodes , and 
maintain the decent amount of packet transfer in a network ,even when there is 
a congestion in the network and it is shown in the figure 6-4 the red nodes are 
the pan-coordinators (including coordinators) and the green devices are all the 
RFDs reduced function devices , some of the devices are not connected in the 
figure , but most of them are connected rest of them were connected in later 
time, and since it is only a simulation therefore if more pan-coordinators will 
be added or even if some more FFD (coordinators) added in the network in 
between RFDs and FFDs (pan-coordinators) then the performance will be 
eventually increased and more better results will be obtain , hence it is a very 
scalable topology in a harsh environment , the packet size in the network is 
maximum of 45 bytes , initially in the other scenarios was of 70 bytes , but the 
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reason of reducing the packet size is that it is already a congested network , 
therefore it was assumed if the packet size in the congested network will be 
reduced then more better delivery ratio will be obtained , table with the 
simulation results observed from the trace-file of the scenario will be given in 
next chapter.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Simulation result and analysis 

46 

7. Simulation results and analysis  

7.1 Introduction 

In this section, performance measurements have been made on all the three 
previously done scenarios, and will be discussed one after another.  
The three scenarios which were performed are listed below. 
 

• Scenario # 1: 1 Pan-coordinator, two-ray ground reflection, mesh network. 

• Scenario # 2: 1 Pan-coordinator, shadowing model, mesh network.  

• Scenario # 3:  Multiple Pan-coordinator, shadowing model, star-based mesh 
network. 
 

The measurements taken under the consideration for each of the above defined 
scenarios are delivery ratio, total number of packet send, receive and dropped 
due to the collision and congestion in the network along with the particular 
reason of packet drop, It is already decided that number of packets send and 
number of packets receive should be better than the packets drop rate for a 
better communication. The analysis contains both up-streaming and down-
streaming of data packets.  
 

7.2 Analysis of Scenario 1: 1 coordinator, two-ray ground 

reflection, mesh network 

As stated in section 6.1, an experiment has been performed with 1 PAN-
coordinator and two-ray ground reflection method , since there are no obstacle 
or congestion introduced in the network , therefore it has been assumed that 
delivery-ratio should be high , and the number packet received by nodes are 
high, the summary of this experiment is shown in table 7-1. 
    

Simulation Time : 
150 sec 

   

 Total Packets: 80534 Packets send: 6835 Packets receive: 
5573 

Delivery ratio: 
81.54%  

 Total number of 
bytes : 832.822 KB 

Total number of 
bytes send: 209.303 
KB 

Total number of 
bytes receive: 
185.957 KB 

 Packets drop due to 
LQI: 2299   

Packets drop due to 
APS: 27 

Packets drop due to 
DUP: 26 

Packets drop due to 
COO: 65769 

Table 7-1 Analysis of simulation 1 

Table 7-1, is an extraction of data from a trace file, which has been generated 
after the simulation, the running time of a simulation is 150 seconds, and 
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during that time total number of packets transaction is 80534 with a total byte 
size of 832.822 KB, out of which packets send are 6835 having altogether a 
byte size of 209.303 KB, Packet receive are 5537 sum of all the bytes are 
185.957 KB and the overall delivery ratio is 81.54%.  
 
Transmission range of a node is defined in meters and it is a function of 
RXthresh and CSthresh, an RXthresh is use to setup the threshold level of the 
node for an acceptance of a packet, if the packet power level is greater than the 
threshold level then the packet will be accepted else dropped  while CSthresh 
means the carrier sense threshold level of a packet , similar to the RXthresh if 
the power of a packet is greater than the carrier sense threshold level than the 
packet will be extracted else it will be dropped. 

7.2.1 Delivery ratio 

This represents the percentage of the transmitted packets which were 
successfully received; it plays a very important role in giving the information 
about the network congestion, more the delivery ratio lesser will be the 
congestion in the network, it is calculated as the percent of packet received to 
the packets transmitted, below is the formula showing how a delivery can be 
calculated,  

Delivery-Ratio = (Number of packet received / number of transmitted 
packets)  

In the above experimented first scenario the delivery ratio is 81.54% which is 
assumed to be good for a decent data transfer and reception of data packets, in 
this simulation there are no obstacles between the nodes which means that 
simulation has been done in an ideal congestion free environment, but in 
reality this kind of obstacle free or congestion free transmission is not possible 
therefore its results are not that much significant. But still its results will be 
taken as a reference for improving the data transmission in an obstacle based 
environment. 

7.2.2 Drop Analysis 

Some of the major collision which occur during this simulation are defined 
below,  
 

• COO  
It is to be noted that the packet drops due to COO is much more than the 
packet sent or received, this is because there are many full-function 
devices in the network transmitting beacons at a beacon order of 3, and 
are colliding with each-other which means that an un-wanted beacons 
were dropped by devices prompting COO flag in the trace file, the 
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beacon order (BO) of all pan-coordinator here is 3, and the beacon 
interval can be calculated by the following methods.  
 
BI = abasesuperframeduration x 2BO symbols ---- (1), 
abasesuperframeduration = aBaseslotduration x aNumsuperslots --- (2) 
Here,  
abasesuperframeduration = abaseslotduration x aNumsuperframeslots 
abaseslotduration = 60 symbols 
aNumSuperframeSlots = 16 
abasesuperframeduration = 60 x 16 symbols = 960 symbols 
 
As we have a BO = 3, therefore  
 
BI = 960 x 23 symbol 
BI = 960 x 8 symbols 
BI|250 = 7680/250,000 
BI = 30.72 m-sec 
 

• LQI  
The link quality of all packets that arrive is calculated at a MAC layer, 
It is measured as a signal-to-noise ratio (SNR) and also some-times in-
term of energy of a packet, when an SNR is within the acceptable limit 
preferably greater than capture threshold (CPthresh) defined in 
~/ns/wireless_phy[.cc, .h] then the packet get accepted, or else it get 
dropped. There are two particular reasons for packet drop, first one is a 
hidden node problem and the second one is of choosing the same back-
off duration despite being within the sensing range of each other .The 
hidden node problem is occurred when multiple nodes involved in the 
transmission and cannot detect the presence of other nodes and transmit 
unaware of transmission of different other nodes. The second case of 
packet drop arise when more than one node chose a same back-off 
period and find channel as idle , regardless of being within the range of 
each other.[7] Below is the part of a code indicate an implementation of 
an LQI in NS-2 
 
If ((wph -> rxTOtpower-p->txinfo_.RxPr)>0.0) 
// check SNR 
If (p -> txinfo_.RxPr/(wph -> rxTotpower-p->txinfo_.RxPr)<p->txinfo_.CPThresh) 
{If(!wph -> colflag) 
Nam -> flashNodeColor (CURRENT_TIME); 
// Drop the packet 



Simulation result and analysis 

49 

Drop(p,”LQI”); 
Return;} 

• APS   
This means that packets are dropped , during an active and passive 
scanning ; when the node is performing active or passive scan , it cannot 
accept any-other data , which means that during the scanning it only 
accept the beacons by coordinators and drop other packets [7]. 

• DUP  
If a duplicate of any packet arrive then packet get dropped [7].  
 

7.3 Analysis of Scenario 2: 1 coordinator, shadowing-

model, mesh network 

A same scenario which has been used in section 6.1 is chosen, but this time it 
is implemented using the shadowing propagation model which introduce 
congestion in the network, and give nodes a real world industrial based 
environment, and it was initially assumed that the network performance will be 
degraded exponentially with the increase in obstacles in a wireless sensor 
network, the summary of single pan-coordinator network is given below in 
table 7-2. 

Table 7-2 Analysis of simulation 2 

 

It has been shown in the figure 6-3, that there are very few packets receive in 
the network, and most of them were unable to get synchronized by the pan-
coordinator, and the delivery ratio is only 2.51% it gives the proof that this 
network is very congested for one pan-coordinator , although there are many 
tests done on this scenario , for example , the Tx- range of the nodes was also 
increased but still most of the nodes were unable to get synchronized by the 
pan-coordinator and due to this the routing path become lengthy and create a 
delay in the transmission , since some of the nodes never get synchronized so 
packets has to choose another path , which creates another congestion in the 
network.    

Simulation Time : 150 
sec 

   

 Total Packets: 6208 Packets send: 4744 Packets receive: 
119 

Delivery ratio: 
2.51%  

 Total number of bytes : 
166.623 KB 

Total number of bytes 
send: 40.359 KB 

Total number of 
bytes receive: 
1.032 KB 

 Packets drop due to 
NRTE: 640 

Packets drop due to 
APS: 29 

Packets drop due 
to IFQ: 676 
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7.3.1 Delivery ratio 

After applying the above stated shadowing model in Scenario 1, it has been 
noted that network congestion increased drastically and the network 
performance degraded exponentially , the delivery ratio becomes 2.51% which 
means that single pan-coordinator get failed in synchronizing the devices in the 
network , the number of packets received by the nodes in the network are very 
few , and most of the packets get dropped, an effort has been done initially by 
changing the threshold levels of CSthresh_ and RXthresh to make the nodes 
more sensitive for a low-power packets , but this didn’t work according to the 
expectations because the network congestion was too high that most of the 
nodes were still off ,  and these turned off nodes cause the routing path lengthy 
or the number of hops were increased which reduced the reception of packets 
more quickly , also the increased in sensitivity of sensor nodes made them 
vulnerable for accepting the raw data which was not needed and this was 
observed in the trace file , in which number of receiving packets get more than 
the send packets , which clearly shows that nodes start accepting raw data, 
which is totally not required, therefore the sensitivity of the node need to be 
tuned carefully. 

7.3.2 Drop Analysis  

The packet drops in this scenario are due to the lack of synchronization 
between the node and a pan-coordinator, the drops which took place are  

• NRTE 
This occurs when there is no route found by the node for a routing, and 
it is a short form of DROP_RTR_NO_ROUTE [7]. 

• APS 
This means that packets are dropped , during an active and passive 
scanning ; when the node is performing active or passive scan , it cannot 
accept any-other data , which means that during the scanning it only 
accept the beacons by coordinators and drop other packets [7]. 

• IFQ 
This means that the queue is full of congestion and there is no more 
place for the transmission or the reception of other packets, it is to be 
noted that the queue management is FIFO (first in first out), the packet 
that join the queue first will be attended first, and the packets which 
arrive later will get dropped because the queue is totally full. 
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7.3.2.1 Drop Analysis comparison 

 

Packet Drop in simulation 1  Packet Drop in Simulation 2 

COO (full function device collision) NRTE (No route exists) 

LQI    (Link quality indicator) APS (Active passive scanning) 

APS    (Active Passive scanning) IFQ (Queue is full) 

DUP  (Duplicate Packet) --- 

Table 7-3 Comparison between simulation 1 and simulation 2 collisions 

 

Table 7-3 shows the packet drop in the two simulations along with different 
reasons; it is to be noted that in simulation 2, most of the packet drop are due 
to NRTE, which means that network is very congested due to obstacles in the 
path and nodes were unable to find the route for data routing, which cause the 
packet drop and congestion for further routing.  

There is no routing in the network therefore the queues of nodes get full with 
the transmission request and were unable to process any further packets, this 
kind of packet drop falls under the category of IFQ known as node queue full. 

Since the transmission never gets resume between the nodes, therefore no link 
has been established and no any link quality indicator (LQI) has been 
performed, similarly since the full function devices never get synchronized 
therefore no more COO (packet drop due to coordinator beacon) or duplicate 
(DUP) packet reception occur, but it is to be noted in both the simulation that 
packet drop due to APS (active passive scanning) placed in both the 
simulations which is obvious because every node has to perform active and 
passive scanning at the start-up of the network and in the middle of the 
transmission whenever required. 

To overcome the above stated problems it has been assumed that instead of 
playing with the sensitivities of nodes by hit and try method, it’s better to 
design a topology which can work properly in an harsh environment, so it is 
decided if instead of one pan-coordinator multiple pan-coordinators added in 
the network then it will be easier for devices to be synchronized with the pan-
coordinator in  vicinity, this will reduced the hop count which usually 
increased when obstacle arrive between the nodes , in-order to make the 
situation more realistic most of the devices in the network are opted to operate 
as an RFDs (reduced function devices) , the reason for these RFDs (reduced 
function devices) deployment is that since it is not known which and how 
many devices will be FFDs besides the pan-coordinator , therefore it’s better to 
make majority of devices RFD initially and later FFDs (full-function devices)  
if more improvement required in the delivery ratio of the network , the only 
purpose of FFDs (not a pan-coordinator) is to rely the messages from a RFDs 
to the desired node from a larger distance. In the next section a complete 
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activity of scenario 2 will be shown via graphical method in term of packet 
sent, receive or dropped. 

7.3.3 Graphical Analysis of Scenario 2  

This section contain the graphical representation of the acquired data from 
scenario 2 (and scenario 3, which will be shown in later section) , the reason of 
discarding the scenario 1 from the graphical representation is that it is not 
according to the real world environment because there are no any obstacles nor 
any congestion in the network. 

Below are the graphical diagrams which show the transmission, reception and 
drop of packet when there is only one single pan-coordinator in an obstacle-
based network. 

 

 

 

 

 

 

   

       

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7-1 Network analysis with single Pan-coordinator (a) Packets send (b) Packet 
receive (c) and Packet drop 

  

 

(a) (b) 

(c) 
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In the figure 7-1 (a) the transmission of packet is linear which means that 
PAN-coordinators and other devices are sending the data packets with a good 
transmission rate as shown in the graph, it is to be noted that figure 7-1 (a) is 
an analysis of network when there are obstacle in it, and the congestion rate is 
high , figure 7-1 (b) a network with single pan-coordinator under a congestion, 
it has been clearly shown that devices are not able to accept the data packets 
compare to just like they were transmitting linearly as shown in figure 7-1(a). 
In figure 7-1(c) it has been clearly shown that most of the nodes are dropping 
the packets at the same time , and creating a network congestion , therefore it is 
proposed if the multiple pan-coordinators added to the network then this 
collision will be greatly reduced and more devices will get synchronized.  

 

7.4 Analysis of Scenario 3: Multiple PAN coordinators, 

shadowing-model, star-based mesh network 

In the 3rd scenario, a topology has been developed which was already defined 
in section 6.3, and it has been assumed that with the presence of multiple pan-
coordinators in the network more and more devices will get synchronized and 
will transmit and receive data packets properly unlike the simulation which 
was done for scenario 2 in which nodes were totally unable to receive the data. 
The results for this scenario are summarized below.    

 

Table 7-4 Analysis of simulation 3 

 

In the above table 7-3 it has been shown that the number packets accepted by 
the nodes are much more than the packets accepted by the previous scenario 2 
in the harsh environment, and also the delivery ratio in this network is also 
boosted to 74.12 %, which means that the implementation of multiple stars in 
the mesh topology under the presence of shadowing model with the harsh 
environment is nearly triumphant. 

Simulation Time : 
150 sec 

   

 Total Packets: 3951 Packets send: 1932 Packets receive: 1432 

Delivery ratio: 74.12%  

 Total number of 
bytes : 411.107 KB 

Total number of 
bytes send: 19.636 
KB 

Total number of bytes 
receive: 15.034 KB 

 Packets drop due 
to PAN: 314 

Packets drop due 
to BSY: 16 

 

Packets drop due 
to LQI: 11 

Packets drop due 
to DUP: 22 

 

Packets drop due to 
APS: 219 
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Only thing which is needed to be considered is the connection of more and 
more devices with the pan-coordinators under the harsh environment which 
has been achieved through this technique of multiple stars in the mesh 
topology , although the transmission is slow because of the delay in beacon 
orders , but there are always some trades offs , the distance between the node is 
experimented as 25m it is a maximum range which can be covered in the 
congested environment , although there also some more ranges beside this , but 
the nodes get vulnerable and start accepting the raw data ; transmission range 
is a function of RXthresh and CSthresh and these both are defined in 
~/ns/TwoRayground {.h and .cc}.  

7.4.1 Drop analysis 

Hence, this a multiple star based mesh topology therefore, the packets drops 
from the MAC or PHY can be of different type then other former scenario, the 
packets drop type due to different collision are found here , PAN , LQI , APS , 
DUP and BSY. 

• PAN  
The collision occur in the network when there are multiple PANs in the 
network, and the main reason for this is beacon collision of different 
pan-coordinators in the network , and this collision can be reduce by 
changing the Beacon interval of PAN-coordinators. 

• LQI  
It is a measure for every packet which is received, the physical layer use 
receiver’s energy detection (ED), and signal to noise ratio or the 
combination of both to calculate the strength of packet.  

• APS  
This means that packets are dropped , during an active and passive 
scanning ; when the node is performing active or passive scan , it cannot 
accept any-other data , which means that during the scanning it only 
accept the beacons by coordinators and drop other packets [7]. 

• DUP  
If a duplicate of any packet arrive then packet get dropped [7]. 

• BSY  
The MAC layer is busy, and is not ready to accept any other data [7]. 
 
Scenario 1 Scenario 2 Scenario 3 

COO (full function 

device collision) 

NRTE (No route 

exists) 

PAN (packet drop 
because of Pan-
coordinator) 

LQI    (Link quality 

indicator) 

APS (Active passive 

scanning) 

LQI (Link quality 
indicator) 



Simulation result and analysis 

55 

APS    (Active Passive 

scanning) 

IFQ (Queue is full) APS (Active passive 
scanning) 

DUP  (Duplicate 

Packet) 

--- DUP (Duplicate 
packet) 

--- --- BSY (MAC layer 
busy) 

Table 7-5 analysis of simulation 1 2 and 3 

The final simulation has been done using the multiple-star based mesh 
topology and this time the situation is much better than the simulation 2 which 
was performed with a single pan-coordinator under the obstacle based 
environment, the most prominent packet drop occur here is the PAN-collision, 
which means that beacons of different pans in the network collided in the 
network since they are in vicinity of each-other but this can be reduced by 
improving the beacon order and beacon interval of the coordinator . Since there 
is proper transmissions occur in this network unlike scenario 2, therefore most 
of the collisions were same as happened in the simulation 1 which is quite 
normal.  

7.4.2 Graphical Analysis of Scenario 3 

This section comprised of the graphical representation of an acquired data from 
scenario 3 , in this scenario multiple pan-coordinators have been introduced to 
avoid the packet loss which occur due to congestion in the network ,below 
there are three graphs which describes the behavior of the network at the time 
of packet send , receive and drop under the shadowing model.  

 

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

(a) 
(b) 
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Figure 7-2 Network analysis with multiple Pan-coordinators (a) Packets send (b) 
Packet receive (c) and Packet drop 

In figure 7-2 (a) it has been shown that the packet transmission is slightly 
slower and there is a curve in the line it represents the delay in data 
transmission, which supposed to be happen due to variable beacon order , 
causes due to the increase in beacon intervals, the change in beacon interval 
was done intentionally in-order to reduce the beacon collisions and reduce the 
packet loss , which usually occur when there are multiple coordinators in the 
vicinity of each other , the greater the value of beacon order , more will be the 
beacon interval . Figure 7-2 (b) it receives 1432 packets out of 1932 , although 
in a network with multiple PAN , there are less packets transfer due to the 
variable Beacon order , but there is a surety that its reception rate will be much 
better than the network with single pan-coordinator under a congested 
environment.  Number of packet drops in figure 7-2 (c) is under control, and 
the delivery ratio boosted to 74.12%.   

 

7.5 Hop-count Analysis 

The hop-count analysis has been done in between a normal mesh topology 
with a single pan-coordinator and multiple star-based mesh topology with 
more than one pan-coordinators , number of devices in both the topologies are 
equal and the hop-count analysis has been done by implementing pan-
coordinator as a source and a reduced function device as client or vice-versa 
which means that all the nodes in the network must transmit or receive the data 
from pan-coordinator (hub/switch) when required ; In multiple star based mesh 
topology multiple full function devices are working as a pan-coordinator and 
some of them are working as a rely device and others are just simple nodes. 
Below is a brief discussion about both the topologies i.e. mesh topology with a 
single coordinator and multiple-star based mesh topology. 
 

 

(c) 



Simulation result and analysis 

57 

7.5.1 Hop-count analysis-1: Mesh topology with single 

Pan-coordinator 

Initially hops for a mesh topology with only single pan-coordinator in the 
network has been calculated by referring the trace-file as described in section 
5.6, which was generated during the simulation , since there is an AoDV (Ad-
hoc on-demand distant vector)  routing protocol activated in the simulator 
therefore sometimes the lengthy paths get shorted but in this topology both 
lengthy and short hop-counts were calculated , it is to be noted that devices 
categorization as a source and destination is done in Tcl file of NS-2 for a 
particular simulation. 

7.5.2 Hop-count analysis-2: Multiple star based mesh 

topology with multiple pan-coordinators 

Secondly the hop counts for multiple star based mesh topology is to be 
measured, unlike mesh topology this new topology contain multiple pan-
coordinators for devices and devices have full authority to switch to different 
pan-coordinator if disconnected by one pan-coordinator, this usually occur due 
to congestion or multipath fading in the network therefore hop-count 
measurement for this topology is a-bit tricky and was done is different steps.   

Following are the steps use to analyze the hop-count. 

• Step # 1 

     Initially it has to be analyzed that how many coordinators are working as a 
pan-coordinators, some of the coordinator work as a rely device only. 

• Step # 2 

     Once the number of pan-coordinators in a network analyzed, a complete 
network is broken down into sub-networks with respect to different pan-
coordinators in a network and analyzed how many devices in the sub-network 
are connected to their respective coordinator along with the number of hops, 
after calculating the hop-count of all the sub-networks separately an average 
hop count has been measured to generalize all different sub-networks hops.  

• Step # 3 

    When the second step completed another analysis is started but this time the 
devices which are under-consideration are the one which get disconnected 
from their respective pan-coordinators and connected to any-other coordinator 
in vicinity using multiple-hop or single hop whatever required according to the 
situation, similar to the pervious step all the hops of devices to coordinator are 
measured and averaged. 

Similar to prior mesh topology with a single pan-coordinator all the calculation 
of this multiple star based mesh topology has been done by referring the trace 
file which was generated during simulation for the time of 150 seconds; below 
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is the table which shows the analysis of hop-count between mesh topology and 
multiple star based mesh topology. 
 
 
Simulation time : 150 seconds 
Area of simulation : 50x50 m2 

 

Single coordinator based mesh 
network 
 

Average number of hops = 2.67 
Max number of hops      =  4  

Multiple star based mesh topology ; 
sub-networks  with individual PANs 
 

Average number of hops = 1.25 
Max number of hops      =  2 

Multiple star based mesh topology ; 
second route to another coordinator  

Average number of hops = 1.33 
Max number of hop       =  2 

Table 7-6 Analysis of Hop-count 

• Step # 4 

After analyzing an average hops in both step 2 and step 3 separately, a final 
hop count analysis has been done to see which topology work well in term of 
least of hop-count, and it has been decided that multiple-star based mesh 
topology considered to be suitable for an obstacle based network, because it 
give much less hop-count than the normal mesh topology with a single pan-
coordinator which was compared to be worst when operating in an obstacle 
free network. 

 7.6 Network discovery policy    

In a network an end device must be synchronized with a pan-coordinator in-
order to transmit or receive the data or communicate with other nodes in 
vicinity, the device associate with the coordinator by using an associate 
primitive. 

But in this network which is known as multiple star based mesh topology, an 
abnormality has been created by using an obstacle based environment which 
creates congestion in the network which disconnect the devices from its 
respective coordinator and left it as an orphaned device. Since there are 
multiple pan-coordinator in the network therefore whenever any orphaned 
device try to rediscover the coordinator using an active orphan scanning it 
found pan-coordinator or coordinator within its vicinity generating beacon 
after a regular interval of time , and if it found multiple pan-coordinators or 
coordinators generating beacons , then it randomly tried to connect with any 
one of them and use an LQI to measure the congestion , the coordinator with 
less congestion wins and the end device finally be then associated to the pan-
coordinator and ready for further operations, and also as it has been already 
discussed that for this topology Zigbee over IEEE 802.15.4 is used therefore 
the routing protocol will be an ad-hoc on demand distant vector (AoDV).    
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8 Conclusions and Future Work 

8.1 Conclusion 

The main theme of this thesis was to design and develop the star based mesh 
topology which can work with the obstacle based harsh environment, and the 
pan-coordinator should have to synchronize the devices even when the obstacle 
can distract the transmission when nodes are oriented as a LOS (line of sight) 
or NLOS (non-line of sight) with each other. 
 
In-order to achieve the desired result it is to be decided to test the topology with 
a single coordinator, for this a shadowing model was implemented, after tuning 
some parameters in the shadowing model including path-loss exponent and 
signal deviation it acts like a harsh environment similar to any industrial 
environment in reality, shadowing model implementation doesn’t mean that it 
put physical obstacle in between the nodes, but what it do, it just give the signal 
deviating effect in the transmission which effect the power of the signal and 
this happen using the random number generator in the shadowing model .  
     
With a single pan-coordinator in a network under the obstacle based 
environment, the performance of the network get highly degraded, and pan-
coordinator totally get unable to start the device within its vicinity, In-order to 
improve situation, the sensitivity of nodes were increased but still due to 
network congestion most of the devices were turned off and because of this a 
routing path gets lengthy which causes a delay in transmission.  
 
To over-come the above situation multiple stars were introduced in the mesh 
network, which gives an analogy of star based mesh topology , the reason of 
including the star topology is that in star topology the hop count is usually 1 , 
but if somehow hop count increased due to congestion in the network its value 
will be no more than 2 or 2.5 , hop counts depend upon the network topology 
or node orientation , the topology is design in a way that in a vicinity of nodes 
there is always a pan-coordinator or coordinator generating beacons , which 
synchronize the orphan devices by generating beacons. 
 
All the Pan-coordinators in the network are working in a same channel so that 
if a device get disconnected from any pan-coordinator then it will connects 
itself with other pan-coordinator in the network without a much delay, because 
then all the device has to scan the channel and during the scanning time all the 
packets were get dropped except the device alignment packets , but still there 
will be some other ways to over-come this problem , overall this topology with 
multiple PAN-coordinators gives much better results than the mesh topology 
with a single coordinator in the obstacle based environment . 
 
After a successful implementation of multiple star-based mesh topology in a 
congested network it can be easily said that, this topology is feasible for an 
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obstacle based environment and the delivery ratio of packets is also improved 
with the least number of hops in the network. Since there are multiple pan-
coordinators in the network therefore possibility for any node to face the total 
black-out situation is almost vanished. 
      

8.2 Future work 
 
In-order to make the topology much more intelligent and efficient it was 
assumed that if the channel switching technique applied to the system, than the 
nodes in the topology will be able to accept much more data and network 
becomes less vulnerable . 
 
The multiple channel technique can be implemented by assigning different 
channels to different PAN-coordinators in the file named SSCS which is 
located in a file system of NS-2 network simulator, and its location is ~/ns/sscs 
{.cc and .h} ; this is the file where all the channel assignment to FFD (full 
function device) and RFD (reduced function device) need to be done , different 
channels can be introduced here , for e.g. 11 to 26 channels for 2.4Ghz can be 
introduced , and 0 to 10 channels for 868/915 Mhz can be defined too , but 
channels can be assign to  PAN-coordinators only , while the devices need to 
be open and free to select any channel so that whenever there will be a 
congestion node by itself will change the channel , this thing can be achieved 
by changing some parameters in the MAC layer , there are different primitives 
in the MAC layer which communicate with PHY and SSCS layer , there is a 
primitive in a MAC layer named MLME_ASSOCIATE , here MLME is a short 
for Mac layer management entity , there are several parameters in the primitive 
which needed to include , so that the devices can change their channels with 
respect to its reference , and that parameter is “Channel page” , it is an integer 
type variable which means the channels defined in this pages , these are the 
channels on which attempt of association with PAN-coordinator need to be 
done , and it selects from the available channel pages supported by the PHY-
Layer . The value of channel change should be equal to channels assign to 
PAN-coordinators; it is to be noted that it’s a general idea which is presented 
different changes can be made during the practical implementation.     
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Appendix # 1: coding glimpse of a star based mesh topology 

network 
This appendix contain the coding glimpse of a star based mesh topology network, since the 
coding of topology is much bigger , therefore a brief view is presented , which contain the 
most important parts only that are used in developing.   
 
# Define options 
 
set val(chan)   Channel/WirelessChannel                     ;# Channel Type 
set val(prop)    Propagation/Shadowing                         ; #radio-propagation model  
set val(netif)    Phy/WirelessPhy/802_15_4 
set val(mac)     Mac/802_15_4 
set val(ifq)       Queue/DropTail/PriQueue    ;# interface queue type 
set val(ll)          LL                                                          ;# link layer type 
set val(ant)       Antenna/OmniAntenna                         ;# antenna model 
set val(ifqlen)   50                                                         ;# max packet in ifq 
set val(nn)        21                                                        ;# number of mobilenodes 
set val(rp)         AODV                                                 ;# AODV Routing 
set val(x) 50 
set val(y) 50 
 
set val(nam)  wpan_demo4.nam 
set val(traffic) mix                ;# mix/cbr/poisson/ftp 
 
#read command line arguments 
  
proc getCmdArgu {argc argv} { 
global val 
for {set i 0} {$i < $argc} {incr i} { 
set arg [lindex $argv $i] 
if {[string range $arg 0 0] != "-"} continue 
set name [string range $arg 1 end] 
set val($name) [lindex $argv [expr $i+1]] 
} 
} 
getCmdArgu $argc $argv 
 
 
# Initialize Global Variables and tracefile 
 
set ns_[new Simulator] 
set tracefd     [open ./wpan_demo4.tr w] 
$ns_ trace-all $tracefd 
if { "$val(nam)" == "wpan_demo4.nam" } { 
        set namtrace     [open ./$val(nam) w] 
        $ns_ namtrace-all-wireless $namtrace $val(x) $val(y) 
} 
$ns_ puts-nam-traceall {# nam4wpan #}  ;# inform nam that this is a trace 
file for wpan (special handling needed) 
 
# setting the distance between nodes its a funtion of Csthresh and Rxthresh  
 
set dist(25m) 3.07645e-07 
 
Phy/WirelessPhy set CSThresh_ $dist(25m) 
Phy/WirelessPhy set RXThresh_ $dist(25m) 
 
# set up topography object 
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set topo       [new Topography] 
$topo load_flatgrid $val(x) $val(y) 
 
# Create God 
set god_ [create-god $val(nn)] 
set chan_1_ [new $val(chan)] 
 
# first set values of shadowing model 
 Propagation/Shadowing set pathlossExp_ 2.7  ;# path loss exponent 
 Propagation/Shadowing set std_db_ 3.0       ;# shadowing deviation (dB) 
 Propagation/Shadowing set dist0_ 1.0        ;# reference distance (m) 
 Propagation/Shadowing set seed_ 0           ;# seed for RNG 
 
# configure node 
 
$ns_ node-config -adhocRouting $val(rp) \ 
  -llType $val(ll) \ 
  -macType $val(mac) \ 
  -ifqType $val(ifq) \ 
  -ifqLen $val(ifqlen) \ 
  -antType $val(ant) \ 
  -propType $val(prop) \ 
  -phyType $val(netif) \ 
  -topoInstance $topo \ 
  -agentTrace OFF \ 
  -routerTrace OFF \ 
  -macTrace ON \ 
  -movementTrace OFF \ 
                #-energyModel "EnergyModel" \ 
                #-initialEnergy 1 \ 
                #-rxPower 0.3 \ 
                #-txPower 0.3 \ 
  -channel $chan_1_ 
 
#command defined for labeling a pan-coordinator 
 
$ns_ at 0.0 "$node_(0) NodeLabel \"PAN Coor\"" 
 
# commands for starting the PAN-coordinator and the device  
 
#$ns_ at 0.0 "$node_(0) sscs startPANCoord  "  
$ns_   at 0.3 "$node_(1) sscs startDevice 1 0 "       
 
# Setup traffic flow between nodes 
 
proc cbrtraffic { src dst interval starttime } { 
   global ns_ node_ 
   set udp_($src) [new Agent/UDP] 
   eval $ns_ attach-agent \$node_($src) \$udp_($src) 
   set null_($dst) [new Agent/Null] 
   eval $ns_ attach-agent \$node_($dst) \$null_($dst) 
   set cbr_($src) [new Application/Traffic/CBR] 
   eval \$cbr_($src) set packetSize_ 45 
   eval \$cbr_($src) set interval_ $interval 
   eval \$cbr_($src) set random_ 0 
   #eval \$cbr_($src) set maxpkts_ 10000 
   eval \$cbr_($src) attach-agent \$udp_($src) 
   eval $ns_ connect \$udp_($src) \$null_($dst) 
   $ns_ at $starttime "$cbr_($src) start" 
} 
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proc poissontraffic { src dst interval starttime } { 
   global ns_ node_ 
   set udp($src) [new Agent/UDP] 
   eval $ns_ attach-agent \$node_($src) \$udp($src) 
   set null($dst) [new Agent/Null] 
   eval $ns_ attach-agent \$node_($dst) \$null($dst) 
   set expl($src) [new Application/Traffic/Exponential] 
   eval \$expl($src) set packetSize_ 45 
   eval \$expl($src) set burst_time_ 0 
   eval \$expl($src) set idle_time_ [expr $interval*1000.0-70.0*8/250]ms ;# idle_time + 
pkt_tx_time = interval 
   eval \$expl($src) set rate_ 250k 
   eval \$expl($src) attach-agent \$udp($src) 
   eval $ns_ connect \$udp($src) \$null($dst) 
   $ns_ at $starttime "$expl($src) start" 
} 
 
if { ("$val(traffic)" == "cbr") || ("$val(traffic)" == "poisson") } { 
   puts "\nTraffic: $val(traffic)" 
   #Mac/802_15_4 wpanCmd ack4data on 
   puts [format "Acknowledgement for data: %s" [Mac/802_15_4 wpanCmd ack4data]] 
   $ns_ at $appTime1 "Mac/802_15_4 wpanNam PlaybackRate 0.5ms" 
   $ns_ at [expr $appTime1 + 0.5] "Mac/802_15_4 wpanNam PlaybackRate 1.5ms" 
    
$val(traffic)traffic 6 7 0.6 $appTime1 
   $val(traffic)traffic 5 6 0.6 $appTime1 
    
   
proc ftptraffic { src dst starttime } { 
   global ns_ node_ 
   set tcp($src) [new Agent/TCP] 
   eval \$tcp($src) set packetSize_ 50 
   set sink($dst) [new Agent/TCPSink] 
   eval $ns_ attach-agent \$node_($src) \$tcp($src) 
   eval $ns_ attach-agent \$node_($dst) \$sink($dst) 
   eval $ns_ connect \$tcp($src) \$sink($dst) 
   set ftp($src) [new Application/FTP] 
   eval \$ftp($src) attach-agent \$tcp($src) 
   $ns_ at $starttime "$ftp($src) start" 
} 
      
if { "$val(traffic)" == "ftp" } { 
   puts "\nTraffic: ftp" 
   #Mac/802_15_4 wpanCmd ack4data off 
   puts [format "Acknowledgement for data: %s" [Mac/802_15_4 wpanCmd ack4data]] 
   $ns_ at $appTime1 "Mac/802_15_4 wpanNam PlaybackRate 0.20ms" 
   $ns_ at [expr $appTime1 + 0.5] "Mac/802_15_4 wpanNam PlaybackRate 1.5ms" 
   ftptraffic 6 7 $appTime1 
   ftptraffic 5 6 $appTime1 
   ftptraffic 6 1 $appTime1 
 
} 
 
# defines the node size in nam 
for {set i 0} {$i < $val(nn)} {incr i} { 
 $ns_ initial_node_pos $node_($i) 2 
} 
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# Tell nodes when the simulation ends 
 
for {set i 0} {$i < $val(nn) } {incr i} { 
    $ns_ at $stopTime "$node_($i) reset"; 
} 
 
$ns_ at $stopTime "stop" 
$ns_ at $stopTime "puts \"NS EXITING...\n\"" 
$ns_ at $stopTime "$ns_ halt" 
 
proc stop {} { 
    global ns_ tracefd appTime1 val env 
    $ns_ flush-trace 
    close $tracefd 
    set hasDISPLAY 0 
    foreach index [array names env] { 
        #puts "$index: $env($index)" 
        if { ("$index" == "DISPLAY") && ("$env($index)" != "") } { 
                set hasDISPLAY 1 
        } 
    } 
    if { ("$val(nam)" == "wpan_demo4.nam") && ("$hasDISPLAY" == "1") } { 
     exec nam wpan_demo4.nam & 
    } 
} 
 
puts "\nStarting Simulation..." 
$ns_ run 
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Appendix # 2:  

An AWK file is presented briefly, which is used to extract the data from 

a trace file generated after the simulation. 

# Initialization contains variable   
 
BEGIN { 
simulation_time = 150; 
send = 0; 
recev = 0; 
pan1_recev = 0;pan2_recev = 0;pan3_recev = 0; 
pan4_recev = 0;  
pan9_recev = 0; 
drop = 0; 
packet = 0; 
total = 0; 
drop_byte = 0; 
sent_byte = 0; 
rece_byte = 0; 
pan_drop  = 0; 
lqi_drop = 
} 
{ 
# Trace file representation 
 
action = $1;  
time = $2; 
node = $3;  
layer = $4; 
flags = $5;  
sequence_number = $6; 
packet_type = $7;  
size_in_byte = $8; 
packet_duration_bracket_1 = $9; 
#packet_duration = $10; 
macaddr_dest = $10; 
macaddr_sorc = $11; 
bracket_2_mac_type = $12; 
#bracket_2 = $14; 
 
#programming  
 
if (action == "r" && node == "_20_") 
pan1_recev = pan1_recev + size_in_byte; 
if (action == "r" && node == "_6_") 
pan2_recev = pan2_recev + size_in_byte; 
if (action == "r" && node == "_9_") 
pan3_recev = pan3_recev + size_in_byte; 
. 
. 
. 
. 
if (action == "s") 
send++; 
if (action == "r") 
recev++; 
if (action == "D") 
drop++; 
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if (action == "s") 
sent_byte = sent_byte + size_in_byte; 
if (action == "D") 
drop_byte = drop_byte + size_in_byte; 
if (action == "r") 
rece_byte = rece_byte + size_in_byte; 
if (flags == "PAN") 
pan_drop++; 
if (flags == "LQI") 
lqi_drop++; 
. 
. 
. 
. 
#calculation made 
 
del_ratio = (recev/send)*100; 
. 
. 
. 
.   
} 
END { 
%.2f\n\n",pan6_recev/simulation_time); 
#printf("throughput of PAN (2) (total number of bits received / simulation time) in scenerio is 
%.2f\n\n",pan7_recev/simulation_time); 
#printf("throughput of PAN (17) (total number of bits received / simulation time) in scenerio is 
%.2f\n\n",pan8_recev/simulation_time); 
#printf("throughput of PAN (19) (total number of bits received / simulation time) in scenerio is 
%.2f\n\n",pan9_recev/simulation_time); 
printf("total number of bytes send are %d\n\n",sent_byte); 
printf("Average number of packet send are %.2f\n\n",sent_byte/send); 
printf("total number of bytes receive are %d\n\n",rece_byte); 
printf("Average number of packet receive are %.2f\n\n",rece_byte/recev); 
printf("total number packet drop due to PAN collision are %d\n\n", pan_drop); 
printf("total number packet drop due to LQI are %d\n\n", lqi_drop); 
} 
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