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Abstract: Problem statement: Medium Access Control (MAC) protocols are one ofstnionportant
research issues in communication and networkingrd have been proposed several MAC protocols
in wireless as well in wired network8pproach: ALOHA-based protocol is the simplest one, being
able to provide prompt access, reliable channeldssapport for quality of service. However its liedt
capacity, low throughput and excessive delays nitaket suitable for several applicatioi®esults. So
there had been many efforts devoted to increaspeitformance, one of them is the capture effect.
With capture effect, the packets arriving with thighest power had a good chance to be detected
accurately, even when other packets were presentl@ion: In this study, a throughput-delay trade-
off was investigated to improve the network perfante. The capture threshold was assigned to the
highest throughout/time delay ratio. Therefore,dhpture threshold which provided a high throughput
and low time delay was selected by a central node.

Key words: Slotted ALOHA, outage probability, throughput, &érdelay, capture effect

INTRODUCTION by Roberts, showing its capacity is doubled (ouwerep
Aloha), to about 36%4.
Multiple Access Protocols (MAC) is an active In classical analyses of slotted ALOHA networks,

research area form several years and there ekigg@ it was assumed that all packets arriving at thdrakn
body in literature. Some survey study covering MACnode with the same power and all packets involved i
protocols in general as well as wireless MAC protsc collision are destroyéd. This is a reasonable
can be found i?. Traditionally, the most important assumption when all the packets are received under
performance requirement for MAC protocols arenearly equal power levels. However, this assumpson
throughput efficiency, stability, fairness, low ass somewhat not realistic in a wireless radio envirentm
delay (time between packet arrival and the firstrapt  where the received packets at the central node are
to transmit it and low transmission delay (timevtn  subject to the near/far effect, propagation pa#is,ithe
packet arrival and successful delivery), as welloag  effects of shadowing, the position of transmittehjch
overhead. cause differences in received power levels. This
Among all MAC protocols, random Medium phenomenon gives rise to the capture éeffecThe
Access Control (MAC) protocols have been widely packet arriving with the highest energy has a good
studied for wireless networks due to their low castl  chance of being detected accurately, even wherr othe
easy implementation. Aloha is a fundamental tealmiq packets are present. In a real communication system
for multiple access communication and from the $asithe central node decides whether the packet gemkrat
of a number of major protocols in modern form the transmitter nodes are successfully tratischi
communications CSMA, ISMA. ALOHA is arguably and the results of the decision are transmittedh&
the simplest, are appropriate for sharing a channetoncerned node.
among a large population of users with busty tr&ffi In this study, the capture is defined in a more
Aloha was first introduced by Abramd8nwhere abstract way as a situation where two or more nodes
it was determined that the maximum channel utiimat with different levels execute transmissions in para
under “pure Aloha” is about 18% of the channeland the transmitter node with the strong level sads
bandwidth. The slotted variation was then introdlice in transmission without being affected by other emd
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While there is a rich body of literature addressihig _ Node

problem, this topic is far from being mature. SZﬁ';fsﬁonﬂ ]
In this context, we investigate the capture effact

slotted Aloha for a typical wireless ad hoc or &ens —_—

networks in confined areas. A suitable capturestinoél

was evaluated to increase the performance of the

networks. A scalar function was assigned from many

Capture Thresholds (CTs) and only one CT was :" ,/

selected by the central node. The goals are theaget

highest throughput with a lowest time delay. Hertbe,

nodes are able to get a high capacity to commuaicat

with central node and can transmit their packet$ wi

low time.
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Fig. 1. The scheduling scheme viewed as a queuing
system

We consider the network topology whereby the
central node is positioned in the center of thea.ake
variable number of source nodes are randomly

Mdoﬂel specificitions ﬁnd assdumptio_ns: We COHSiq:(; distributed throughout the network area dependimd o
ad hoc networks with N nodes trying to transmitadat topology and within a single transmission hop te th
to central node. Each node has an infinite buffer

o central node (Fig. 1).
memory which is used to store the generated datke un (Fig. 1)

h ful h | node. Th In this study we define the total packets
they are sent successiully to the central node. ransmitted, generated and even retransmittedheo
incoming packets are all assumed to be the sa

I h. Each node i d K entral node as the offered traffic.
ength. Each node is assumed to generate packets ., performances are evaluated: the throughput

_randomly and _independer]tly._Such packet generati_om,hich is defined as the average number of
IS follows Poisson d|st_r|but|on and each ON€ 1Sqccessfully received packets per time slot. If the
mdependent of the pervious packet generation. Thg,,qmission data rate, quantity of informationan
size °f_?a‘3h packet is fixed; we assume also_ﬂrrat t packet and number of packets successfully transdhitt
probability of packet does not change in each tiog are defined as R(bps), T(bit) and n respectivelye T

of the simulation. : i [
. . normalized throughput is givenfs
The transmitted power of each packet is the same ganp g

of all nodes hence no power control is considered.
Therefore the received power of each packet ismbpe S=
on the position of the node.

The received power of each packet is dependent on .
the position of the sensor and the condition of the If ho transmission packets are generatgd_ or all
communication channel. Therefore, even if severaffansmission packets are destroyed by collisions, S
packets come into collision, the packet that has thequal to 0_. The ideal char_actenstlc of nor_mahzed
largest received power sometimes survives. On théroughput is when all transmitted packets areivede
other hand, even if a collision does not occuraekgt  Perfectly; the value of S becomes equalto 1.
transmission error occurs because the received powe The second parameter is the Transmission Delay
at the clusterhead is smaller than the requiredepow (TD). TD is defined as the time duration of a padasts
when the condition of the communication channel isin the system since it is being handled by thetesiot
worse. aloha layer until the reception of acknowledgenwérits

The radio channel can be characterized statitical successful reception. The average transmissiory dela
by the multipath fading and large scale model.det,f dependent on the length of packet.
the wireless communication system, the qualityhaf t This is where it is determined whether the
communication channel is time-variant, the propagat transmitted packets from transmitter node are
depend on the distance between transmitter andveece successfully received at the central node. Theageer
with path loss exponent. Shadowing exhibits time- transmission delay is dependent on the length cieia
varying factors caused by diffraction of travelingves

MATERIALSAND METHODS

Txn
R

(1)

around large objects such as large obstaclesadded RESULTSAND DISCUSSION

on top of the path loss and represented as a random

fluctuation with a log-normal distribution, with a In this study, we study the performance of slotted
standard deviatioa. aloha in particular environment (underground mines)
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In fact since few decades a large companies haS/N is lower than the thresholg, all packets from
investigate to deploy ad hoc network in undergrounchodes are not transmitted correctly to the clulseerd
mines. Among all ad hoc networks that can be degloy node. A collision message will be send to these
in underground mines we can cote sensor and actuatgorresponding nodes.

networks, mesh networks. Their goals are genetally The model of wireless channel presented in this
increase the productivity and decrease the Ccosly,gy is described . Since other details of the
installation with eliminating the costly wired propagation experiments and modelling are givéh, in

equipments. . . . we are going to summarize here only the fundamental
In this context, we investigate in deep the captur . Their channel was modulated using the

ffect in slotted aloha f typical ad h Si1:] ISSUES.
efiect in siotted aloha for a typical ad Noc OF SBN 055 rements which were made in an experimental
networks. A custom-made simulation tool wa

develoned. In order to simulate th itioni B Sunderground mine.
developed. In order 1o simufaté the positioningesoe The central frequency of 2.4 GHz was selected in
involving these nodes it is necessary to estahbdish

. . order to ensure compatibility with Wireless LocaleA
network from scratch. In addition to transmittersla Network (WLAN) systems and ad hoc networks. The
recevers, a chanpel model will have to be S'f“"?’ate author finds the value of the path-loss exponeatjisal
in order to obtain results that are as realistic 3%, 2 16 with a standard deviation) (of 6.13 dB
possible. 20 nodes are randomly deployed in underground
. o ] mine gallery. The topology of networks in evaluated
effect for ad hoc multiple accesses in confinedare of wireless node is shown in Fig. 2.

The maximal range between node and clusterhead

% Position of central node (X,Y,2), (central node) is fixed to 40 m.
% Number of node N At the clusterhead are able to adapt the capture
% Position of nodes (XY, Z); widow form 0-20 dB. The rate is assumeddo b
% Capture effect threshold. 512 kbits se¢ and the packet length is fixed 128 bits.
% Number of transmitted packet, As shown in Fig. 3, when the capture effect
% Wireless underground mines channel model. threshold is great, the throughput is close to the
% Traffic model (packet generation) theatrical value (38%). Moreover, if the capturéeef
1: While stopping criterion not met (number of packet), is considered, a transmitted packet sometimes\&gvi
do: because the received powers for arrival packete wer
1: Evaluate the access protocol. different for each other (the distance to the edntode
1. Decision whether the transmission packet isare different form the transmitted nodes).
successfully transmitted to central node. Therefore, the throughput increased. Moreover, the
(a) Measurement of transmission delay. throughput increases when the capture effect tbidsh

decreases.
In addition, the average transmission delay is
reduced with the capture effect as shown in Fig. 4.

(b) Measurement of number of successfully
transmitted packet
2: End while
3: Output: throughput and measurement delay
%end of simulation

As mentioned early, by the capture effect, the
packets with maximum received power may survive at
the central node. Then, the CT is calculated atéméral
node for all packets that are transmitted fromnaltles
and the packet that obtains the maximum CT is
selected.

Then, for the selected packet, the instantanedus C
is calculated again by regarding the other paclsts
noise. If the calculated C/N is larger than deteedi
thresholdyy, the instantaneous data in the packet is
transmitted to the cluster-head point successfaliy  Fig. 2: Example of deployment of ad hoc networks in
the result is stored. On the other hand, if thewdated underground mines
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Fig. 5: The normalized cost function with captuffeet

Fig. 3: Throughput of slotted aloha with capturteetf
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Fig. 4: Averaged delay time of slotted aloha with The optimal capture threshold is obtained by
capture effect minimizing the cost function K given in (2). To

determinate the estimated location many scenario

Throughput-delay trade-off analysss As we have algorithms have been simulated.

seen the capture effect increases the performdrtte o Figure 5 shows the normalized cost function of

system. However, what is the capture thresholchen t model (2) as function of different value of Capture

kind of environment to produce the highest Threshold (CT). The values of CT to get the best

performance. performance of the networks (on the term of high

In this part we described a suitable threshold tghroughput ~with low average delay time) are
increase the throughput with lower time delay packecorresponding to the lowest values (less than 1 dB

cost function based on both parameters. of the offered traffic and the capture thresholdeT

figure shows also that the lowest values of TCthee
most suitable values to get the best performance.

S
F(y) Y 2
CONLUSION
where, S and D are the normalized throughput and ti In this study, we have studied the performance of
delay packet transmission. slotted aloha with capture effect for wireless reks.
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The analyses are investigated in particular enwiremt 3.

(underground mines). We have investigated on the
throughput-delay trade-off in under to improve the
performance of the networks.

A cost function is assigned to
throughout/average time delay ratio; the goad was
maximizing this function. The capture threshold ethi
provide a high throughput and low time delay is
selected by a central node. The value of CT isnofte
corresponding to 10 dB or less.
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