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Figure 5.3 Difference between throughputs for single-slot packets and for multi-slot
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Figure 5.4 Difference between throughputs for single-slot packets and for multi-slot

packets with near-far effect consideration

62



Figure 5.3 and Figure 5.4 show the difference between throughputs for single-slot
packets and for multi-slot packets. Figure 5.4 takes into consideration the near-far
effect also while Figure 5.3 doesn’t take into consideration the near-far effect on
the desired receiver.

As seen in both charts, the throughput obtained with only single-slot packets is
higher than that with multi-slot packets. The reason behind that is for single-slot
packet if one packet is unsuccessful, only that packet counts towards data loss.
While in case of multi-slot packet, if the packet gets interference even for one-slot
duration and if only one slot of the whole packet is unsuccessful, the whole packet
counts towards data loss that is more than one time slot. So even if the number of
time slots during which mutual interference occurs is same for both cases, in case
of multi-slot packets, more data gets lost.

These charts are compared with respect to near-far effect in the following two
charts.

Figure 5.5 and Figure 5.6 show the difference between system throughputs with
and without near-far effect consideration for single-slot and multi-slot packets,
respectively.

As seen in both the charts, the throughput obtained with considering near-far
effect is higher than that without considering near-far effect. That’s because when
we don’t consider near-far effect, whenever we have a co-channel or adjacent
channel hit, that packet is counted unsuccessful regardless of strength of the
signal received. While in the other case, the near-far effect on desired receiver is

found out. When a co-channel or adjacent-channel hit is detected, the distance of
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desired receiver from desired and interfering transmitter is found out. Depending
upon those distances, the path losses of both desired and interfering signals are
found out. Path loss actually depends upon the distance between the transmitter
and receiver and also on environmental co-efficient of the network. But for these
two charts, the environmental co-efficient is taken 1 for both desired and
interfering networks. The effect of environmental co-efficient is depicted in next
two charts, but for these two cases, the path losses depend only upon distances. So
depending upon the distances of desired receiver from desired transmitter and
interfering transmitter, path losses of desired and interfering signal is found out.
Now the transmitted signal power for both cases is 1 mW. So now we can find out
the received signal power for both desired and interfering signals. Now the
difference between the received signal power of desired network and that of
interfering network is found out. In case of co-channel hit, if this difference is less
than O dB, the packet is considered successful. And in case of adjacent-channel
hit, if this difference is less than 11 dB, the packet is considered successful. Thus
as compared to discarding all the packets that got co-channel or adjacent-channel
hit, in this case, according to the strength of the received the reliability of the
signal is found out. So the throughput is higher in this case.

The next two charts show the effect of environmental co-efficient on system
throughput. Different environmental conditions are chosen for desired and

interfering network and system throughput is found out.
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Figure 5.7 and Figure 5.8 show the system throughput as a function of difference
in environmental coefficients of desired and interfering networks for single-slot
and multi-slot packets, respectively.

The difference between the coefficients of interfering and desired networks is
worried from 0.0, 0.1...0.5. And as seen in both charts, the system throughput is
decreasing as the difference increases.

The reason behind it is as follows. Let’s take a scenario. Let’s say, Olgesirea=0.1 and
Qnterfering=0.2. Assume that the distance of desired receiver from desired and
interfering transmitter is same, which is, say 12 meters. Now if we find out the
path loss, the path loss for desired signal=0.0250and the path loss for interfering
signal=0.0075.

Thus for the same distance also, the path loss is higher for lower value of
environmental constant. So when the path loss is less, received signal power is
higher.

In both the charts shown below, the environmental co-efficient for desired
network is taken as 0.1 while that of interfering network is varied from
0.1,0.2...0.5. So as the environmental co-efficient for interfering network is
increase from 0.1 to 0.6, the path loss goes down which in turn strengthens the
received signal power from interfering transmitter. So the throughput decreases as

the environmental co-efficient of the interfering network is increased.
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Chapter 6

Conclusion and Future Work

In this chapter, the conclusions drawn from results shown and explained in the last
chapter are explained. Also the suggestions for the future work that can be done in

this research area are mentioned in this chapter.

6.1 Conclusion:

The present research work has mainly focused on performance of a Bluetooth
Network in presence of other Bluetooth networks in its vicinity. Different packet
lengths are considered such that packet lengths are geometrically distributed with
respect to time for all Bluetooth Networks. Also the study has taken into
consideration the near-far effect and effects of environmental conditions on the
throughput of a Bluetooth Network. In Chapter 5, the results obtained are verified
with the research work done that has been done before at Florida Atlantic University
in August 2000[22]. But in that research, the packet length was assumed to be one
slot duration. Also the near-far effect and effect of environmental conditions were not
taken into consideration. Following are the conclusions that can be drawn from the
results shown in the last section:
e The throughput of a Bluetooth network that transmits only single-slot packets
is higher than that of Bluetooth network that uses multi-slot packets. The

reason behind it is that the throughput is a function of number of unsuccessful
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data bits during that particular time frame under consideration. In case of
single-slot packets, if a packet is corrupted, the data bits of that particular time
slot are considered unsuccessful. While when we consider multi-slot packets,
the data bits transmitted during entire packet length, which is greater than one
time slot, are considered to be unsuccessful even if data of just one of the
multiple slots is corrupted. This, in turn, affects the throughput negatively. So
throughput obtained with multi-slot packets is less than that with single-slot
packets. Here we have taken into account the geometric distribution for packet
lengths as mentioned before. These results can be seen clearly in Figure 5.3
and Figure 5.4 in the last chapter.

As seen in Figure 5.5 and Figure 5.6, throughput of Bluetooth network is
higher when we consider near-far effect. That is because when we do not
consider near-far effect on a Blutooth receiver, whenever a co-channel or
adjacent-channel hit is detected, the data bits of that packet are considered to
be unsuccessful. While when we consider near-far effect, once a co-channel or
adjacent-channel hit is detected, the reliability of a packet is found out
depending upon the distance of desired receiver from desired transmitter and
that from interfering transmitter. So even if it is a hit, the packet may be
successful. The detailed description of how to find out the reliability of a
packet is given in Chapter 4 section 4.3.4.

Figure 5.7 and Figure 5.8 in the last chapter show that as the difference
between environmental coefficients of interfering and desired networks

increases, the throughput decreases. Here we have assumed that Olesirea=0.1
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and Olingerfering 18 varied from 0.1, 0.2,.., 0.5. So when as the Ounterfering 18
increased, the path loss decreases for the same distances, which in turn
strengthens the received signal power of the interfering signal. This affects the
throughput negatively.

e As seen in all the charts, the throughput obtained with single-slot packets are
always higher than that obtained with multi-slot packets for the same reason
explained above.

e Also it can be seen from the first four charts that the system throughput is
higher without considering near-far effect versus that with considering near-

far effect. The reason for that is already mentioned previously.

6.2 Future work:

The current research work is an effort to analyze the performance of victim Bluetooth
network in presence of the mutual interference caused by other Bluetooth network in its
proximity. Also the near-far effects and effects of environmental conditions on the
victim Bluetooth network is found out. The research has considered geometric
distribution for packet lengths for all Bluetooth networks.
Still there is a scope of research in the same area. Following are the suggestions for future
work that can be done in the current research field:
e An assumption in this research was that only ACL links were considered and the
SCO links weren’t taken into account. Now the same analysis can be done with

considering SCO links as well.
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Also it was assumed that all piconets were time-synchronized. The system
performance can be evaluated with considering different phases for clock cycles
of different Bluetooth piconets.

The same research can be done with the application of different mobility patterns
on Bluetooth mobiles.

There are a lot of issues related to Master-Slave switch. The research can be
conducted on the same.

In present research, the interference caused by Non-Bluetooth devices is assumed
to be negligible. The system performance can be evaluated with considering this
interference as well.

The different modes e.g. HOLD, PARK, STANDBY etc. and different procedures
e.g. Paging, Inquiry etc. incorporated in Bluetooth can also be studied.

Also the duty cycle is assumed to be 100% for current research work. The
performance can be evaluated with different duty cycles and different dwell
periods.

The formation of a piconets and a scatternets can also be studied.
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APPENDIX 1

Code for the Simulation

/***********************************************************************

INCLUDED STANDARD LIBRARIES
***********************************************************************/
#include <string.h>
#include <stdio.h>
#include <math.h>

#include <stdlib.h>

/***********************************************************************

MAIN

***********************************************************************/

int main()
{
A LOCAL VARIABLES g

int num,temp;
int successful ,unsuccessful;
/*Counters for numbers of successful and unsuccessful packets*/
int Freq[MAX(];
int PackLen[MAX];
int LongPack[MAX];

/*Flags for each piconet for long packets*/
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int PackLen_2o0r4[MAX];
/*Flags for each piconets for packets that need to be split*/
int area_x,area_y;
/*Dimensions of the scatternet™/
mobile pico_mast[MAX];
mobile pico_slave[MAX][7];
float self_distftMAX][7];
float env_coef[MAX];
float x,y, Throughput;
float PathLoss1,PathLoss2,PathLoss_Diff;

int CO,AC;

i Initialization of Local Variables *

DE=ak

AC=0;

successful=0;

unsuccessful=0;
/*The dimensions of the scatternet and # of piconets to be considered are
entered*/

printf("Enter the dimensions of the area to be considered between 0 to 100\n");

scanf("%d %d",&area_x,&area_y);

printf("Enter the no. of piconets\n");

scanf("%d",&num);
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/*For each Piconet, masters are located within the area considered, packet
lengths are initialized to 1 and environmental coefficients are initialized to
value between 0 to 0.6*/
for(int i=1; i<=num; i++)
{
PacklLen[i]=1;
pico_mast[i].x=rand()%area_x;
pico_mast[i].y=rand()%area_y;
env_coef[I]=(rand()%6)*0.1;
/*Seven slaves are located within a radius of 30 meters from the
master of that piconet*/
for(int j=1;j<=7;j++)
{
self_dist[1][j]=rand()%30;
/*Locate the slave with the dimensions that makes the distance to

be equal to self_dist[1][j]*/

}

for(int Clk=0;Clk<10000;Clk++)
{

/*For each piconet, the loop is executed™/
for(int i=1;i<=num;i++)

{
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/*if LongPack flag is False for this piconet, select the
frequency and packet length*/
if(LongPack[I]=0)
{
PackLen[i]=FindPackLen();
If(PackLen[I]>1)
LongPack[I]=1;

Freq[i]=1+rand()%79;

/*for each piconet, compare the frequency versus frequency of all
other piconets and interference is found out™®/
for(i=1;i<=num;i++)
{
for(int j=i+1;j<=num;j++)
{
Diff_freq[i][j]=Freq[i]-Freq[j];
if(Diff_freq[i][j]==0)
{
CO++;
PathLoss 1= PathLoss(Distancel,env_coef[I]);
/*Distancel=distance between desired

transmitter and desired receiver®/
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PathLoss2= PathLoss(Distance2,env_coef[j]);
/*Distance2=distance between interfering
transmitter and desired receiver*/

PathLoss_Diff=PathLoss1-PathLoss2;

If(PathLoss_Diff>0)

Successful++;

Else

Unsuccessful++;
}
else if(Diff_freq[i][j]==1 || Diff_freq[i][j]==-1)
{

AC++;

PathLoss1= PathLoss(Distancel,env_coef[I]);
/*Distance 1=distance between desired
transmitter and desired receiver®/

PathLoss2= PathLoss(Distance2,env_coef[j]);
/*Distance2=distance between interfering
transmitter and desired receiver®/

PathLoss_Diff=PathLoss1-PathLLoss2;

If(PathLoss_Diff>11)

Successful++;

Else

Unsuccessful++;
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else

Successful++;

/*Throughput is calculated with the formula shown below™*/
Throughput=(Successful*100)/(Successful+Unsuccessful);
Printf(“Throughput=%f\n”, Throughput);

Return(0);

}/*End of Main*/

/***********************************************************************

PATHLOSS

>k 3k ok e ok sk sk sk sk sk sk sk sk e sk sk sk sk sk sk sk sk sk s sk sk sk sk s sk sk sk sk sk st sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skokok skokok skeskoke sk skokok

Calculates the path loss according to Raleigh fading

***********************************************************************/

double PathLoss(float Dist, float env_coef)

{
/*  LOCAL VARIABLES *

double Loss;

float temp;
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/*Calculate the path loss according to Raleigh Fading™®/
Loss=exp(-Dist*env_coef);
temp=1/Dist;

return(Loss*temp);

/***********************************************************************

FINDPACKLEN

sk sk sk st sk sk sk sk sk e sk sk sk sk sk sk sk s sk sk sk sk sk sk sk sk sk sk sk sk sie sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk skosk skosk sk sk sk sk st sk sk sk st sk siok sk skokok sk

Selects the length of the packet according to geometric distribution

***********************************************************************[

int FindPackLen()
{
float y;
float p=0.4;

/*Select a random variable between 0.1 to 0.9*/

y=(rand()%100)*0.01;

if(y<=p)
return(1);

else

{

y=(rand()%100)*0.01;
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if(y<=p)
return(2);
else
{
y=(rand()%100)*0.01;
if(y<=p)
return(3);
else
{
y=(rand()%100)*0.01;
if(y<=p)
return(4);
else

return(5);

82



e
e e e
i) ga el

N.«v.a,.‘..vww LT

A.,.._‘_~.“»,._,.‘.\_,-.

SR




	10003
	10004
	10005
	10006
	10007
	10008
	10009
	10010
	10011
	10012
	10013
	10014
	10015
	10016
	10017
	10018
	10019
	10020
	10021
	10022
	10023
	10024
	10025
	10026
	10027
	10028
	10029
	10030
	10031
	10032
	10033
	10034
	10035
	10036
	10037
	10038
	10039
	10040
	10041
	10042
	10043
	10044
	10045
	10046
	10047
	10048
	10049
	10050
	10051
	10052
	10053
	10054
	10055
	10056
	10057
	10058
	10059
	10060
	10061
	10062
	10063
	10064
	10065
	10066
	10067
	10068
	10069
	10070
	10071
	10072
	10073
	10074
	10075
	10076
	10077
	10078
	10079
	10080
	10081
	10082
	10083
	10084
	10085
	10086
	10087
	10088
	10089
	10090
	10091
	10092
	10093
	10094

