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Abstract — Paper presents a study under the Quality &¥CF and provides services for time-bounded traffibe
Service in modern wireless sensor networks. Such 882.11 MAC layer aims to provide access controtfioms
networks are characterized by small amount of data the wireless medium such as access coordination,

transmitted in fixed periods. Very often this datast by
transmitted in real time so data transmission dekhyould

be well known. This article shows multimode network
simulated in packet OPNET Modeler. Also nowadays th

quality of services is very important especially rimulti-

addressing or frame check sequence generation.

2. QUALITY OF SERVICESIN WIRELESS
MEASUREMENT SYSTEMS

nodes systems such a home automation or measuremeniThe IEEE 802.11 standard for wireless LANS covles t

systems.
Keywords: delays, WiFi, OPNET, Quality of Service
1. INTRODUCTION
Nowadays, one of the popular wireless technologiss,
to transfer different types of data, is the IEEE2.80

standard. This popular “WiFi” technology providesvicost
wireless Internet capability for end users and &@sased in

Medium Access Control (MAC) and the physical (PHY)
layers. Three different Physical layers specifimagi exist in

the 2.4 GHz range of the unlicensed spectrum, but
commonly used hardware is based on the Direct Segue
Spread Spectrum (DSSS) technique. The MAC protocol
operates in the DCF and PCF modes. The DCF is the
fundamental access method. It uses Carrier SensgpMu
Access with Collision Avoidance (CSMA/CA) for chaain
access, Request-To-Send and Clear-To-Send (RTS/CTS)
messages for reservations and Acknowledgements JACK

modern measurement and control distributed systender reliability. The PCF mode is used only in irdtaicture

Wireless medium is a shared medium, so as moreremd
devices demand the bandwidth, concentrating
performance becomes critical. As the wireless LAde
giving a competition to the Ethernet, apart froreegp it will
also have to assure the Quality of Service, es|heciden
dealing with voice, video and other real time segsi

In this situation, reliable data transport with Quaof
Service criteria, related to throughput or lateri®y, is
needed. To analyze the QoS parameters, espeaédiyring
to wireless communication, is not easy becauseaffected

networks. It relies on a Point Coordinator (PC)t tlesides
dn the Access Point to perform polling, so that gl
stations may have contention-free access to theneh§l].

In this paper is modeled the basic DCF (CSMA/CA)
protocol, the DCF protocol with RTS/CTS, and theFPC
protocol for medium large office network. Both thes
mechanisms are not equipped with full-fledged built
system for supporting real time services makes eity v
difficult to provide the required QoS [7]. The main
requirement of IEEE 802.11 WLAN is to guarantee @uS

by a number of parameters like: channel access augthrequirements due to unaware functions such as akedic

physical and environmental conditions, the numlferoales,

distance etc. The WLAN media is error prone and kitie

error rate (BER) is very high compared to the BERvined
networks. In addition, Carrier Sensing is difficudtwireless
networks because a station is incapable of listenits
own transmissions in order to detect a collisione Hidden

bandwidth, controlled jitter and latency.

2.1. Distributed Coordination Function DCF

DCF implements the Carrier Sense Multiple Accegb wi
Collision Avoidance (CSMA/CA) algorithm with binary
exponential backoff algorithm for accessing the ined

Terminal problem also decreases the performance of carrier sensing is done through physical and \irtua

WLAN.

mechanisms. A station senses the medium to check if

A proper selection of protocols and topology heips another station is transmitting in the physical haedsm.

maintaining and improving the QoS support of a lese

The virtual carrier-sense is done by distributiegervation

network. IEEE 802.11 standard has two sublayers MAfformation with RTS/CTS mechanism.

protocols: Distributed Coordination Function (DCBEhd
Point Coordination Function (PCF). The DCF suppb#st
effort delivery of packets while the PCF is buitt the top of

DCF includes random backoff mechanism to ensure
low collision probability. This mechanism providdgst
effort type of service for transfer of data. DCresi®ither



two-way handshaking or four-way handshaking tedmiq ,

Chile transmitting the data. While two-way handshgk
uses explicit acknowledgement (ACK) for

handshaking technique [2].

receipt
confirmation, RTS and CTS frames are used by foay-w
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DCF is the basic medium access mechanism for bth a

hoc and infrastructure modes. In DCF mode, a staimuld
ensure that the medium is free before it startsstratting
data over the channel. In the case of a busy chatire
node has to wait until the transmission by othedends
complete [2]. In addition, the node has to wait émother
amount of time to provide sufficient gap betweebsaguent
frame transmissions.
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Fig. 1. Distributed Coordination Function DCF

There are two basic rules that need to be followed
every sensor node operating in the DCF mode. ¥iestéry
station that has data to transmit should confirmat tthe
channel was idle for at least DIFS (DistributecetrErame
Space) amount of time. Secondly, it should waitadom
amount of time when it has another datagram tostréin
after a successful transmission or it has a datagt@a
transmit but it was denied channel access, as ehamas
busy (Fig.1). Each time the carrier sense operadietects
the medium to be idle, the backoff timer decremdhts
backoff time. After the collision detect
retransmits the data.

When a sensor station receives a data frame, it vi@i
a SIFS (Short IFS) duration and transmits an ACKkh®
sender. There is no carrier sensing or backingarffACK
frames. The transmitter expects an acknowledgemithin

Fig. 2. Point Coordination Function PCF

To start the CFP, PC gains the control of the nradiy
waiting PIFS period of time and then sends a bedi@ne
(Fig.2). Itis a control frame that has all theihtites used in
the CFP period. Point Coordinator builds a polliisg of all
the PCF enabled nodes. This list is organized daagrto
the nodes MAC addresses. Upon receiving CFP, satio
wait for SIFS period of time and then either respavith
data frame along with the acknowledgement of dataived
or if they don’t have any data to send then thely seind a
null frame in order to release the medium. This W&/ will
not wait for the PCF sensor stations that dornvehany data
to send. After waiting for SIFS period, if PC domet
receive the data or null frame then it will reptda polling
of the same node. It keeps repeating this until imam
number of poll failures occurs. It then drops thatle in that
CFP period and moves to the next station [2].

The PCF has not been studied as much a®QGfe
Existing studies of PCF have concentrated oraHilgy of
the PCF mode to service real time audio traffic amd
improving its efficiency using new polling mechans
This is because sequential polling wastes bandwédtth
causes increased delays when the network is lidelyed.

3. SSMULATIONSAND SIMULATION SET UP

To compare DCF and PCF mechanisms in wireless
transmitte sensing networks (usually small amounts of datastratted

in fixed time intervals) the simulations were donenodern
packed called OPNET Modeler. The simulations wereed
for two different networks. One of them is smallirgeto-

point network and the second consists of coupkaerhents.
This shows main differences between transmissiorsich

SIFS time frame. Only after receiving an ACK framed networks.

correctly, the transmitter assumes that the datedr was

delivered successfully. The SIFS and DIFS time &am 3.1. OPNET Modeler environment

enable the communicating pairs to complete the dram

exchange sequence without collision.

2.2. Point Coordination Function PCF

channel access methods were compared with respéwtit
support for real-time (measured data) traffic [J]he

research was carried out using a specialized sodtwa

Point Coordination Function (PCF) is a centralizedggnvironment - OPNET Modeler network simulator. Mot

polling-based access mechanism which requiresrgsepce
of an AP that acts as Point Coordinator (PC). ke BCF
mode, time is divided into superframes. Each superé
consists of a contention period where DCF is used @
contention-free period (CFP) where PCF is used.JWRe is
started by a beacon frame sent by the PC using DGE.
CFP may vary from superframe to superframe, ashése
station has to contend for the medium. Once the §&#s,
the PC polls each station in its polling list (thigh priority
stations) when they can access the medium. To enbat
no DCF stations are able to interrupt this modepsration,

is one of the most widely used network simulatordoth
academic and industrial communities. It supportstrodthe
networking protocols, including wireless protocdF and
DCF modules are included in the basic OPNET asqfats
wireless. OPNET Modeler can be used also for sitiwulaf
modern measurement systems [4, 5].

An important parameter of modern distributed systésn
technology used to exchange information betweemehts.
Industry and industry control - measuring here isgm
additional constraints due to the expected religbénd
indivisibility of data and transmission securityev®lopment

the inter frame space between PCF data frames YR$FSin this area has come from wire technology, theeless

shorter than the DIFS.

systems of a fixed network topology, and wirelegsteams

In this research, the performance of DCF and PCF



currently being developed or an ad-hoc basis witlerdain  Attribute Walue

capacity for self-organization [6]. - name node 8
One of the impulses causing the increased interest : o .. . a4 0

wireless solutions in data is the development ekilile i

manufacturing systems. There is the possibilityrapid Tmﬁ": GE'—'EE_'“':'” Parameters () _

reconfiguration, such as on the production lineadilition, - Start Time '-SEC':f”dS} constant '-2}_

wireless systems, by eliminating the cables ararljldess - ON State Time (seconds) exponential (4)

expensive: both in terms of installation and in mmance. - OFF State Time {seconds) exponential (4)
Despite many advantages, wireless systems areremt f ¥ Packet Generation Arguments (.}

of defects, which could include longer delays (time@ccess L. Stop Time (seconds) MNewver

node) or the increased likelihood of data losse(ference  :.Trffic Type of Service Best Effort (0)

from other systems operating in the band, multiceting,
work on the border of the range). It should be dateat
these deficiencies can be compensated for by theppate
choice of technology, data transmission and apf®r | gad’ in this measurement system which represties

design of the system. OPNET allows the simulatidn Qota| load (in bits/sec) submitted to wireless LAdyers by
distributed measurement systems based on the stindgy nigher layers in all WLAN nodes of the net-woik

Fig. 4. Traffic generation parameters for node 1

simulation of WLAN with QoS. shown in Fig.6. The load is almost identical fdrsaenarios.
) ) All stations were placed about 500 meters fromraraé
3.2. Simulation system point and then the distance was increased to iiter. As

The simulated system consisted of fifty stationsl anbefore, both DCF and PCF mechanisms were simulatesl.
Access Point. Part of this system was shown onrEig. load was the same as previously.
Access Point transmits received data to WAN roated The distance between the stations and Access Rait
next they are transmitted through the Internet.hSsystem not the same. Distance from the axis of the netweas
can be used in AMR and AMI systems for remote meténcreased. Each node has its own station addressier to
reading. identify itself and direct the transmission of patk Packets
were sent randomly.

@ @ D < 4. SIMULATION RESULTS
rete.s e e g From Figure 5 it is clear that PCF mechanism #dfeoe
D packet delay much more than DCF function. The détay
@ @ simulated network is 6 times larger in PCF network.
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For each station the parameters defining the géaosra
of network traffic was set. These parameters iretuthe
time when the packets started and stopped gengratid
also the duration of the broadcast transmissiore Ftart
time which specified the distribution name and amgats
used for generating the random start time acrofereint

nodes was constant and set to 2 seconds (Fig.5). Sanjr?]én ftc))cl)lt:Wci);therg hs: Fia. 7 and Fig. 8 oresents th
‘ON State Time’ specifies the distribution name and g graphs. +19. 9. °p

arguments to be used for generating random outcdares backet delay using the mechanism of PCF and DCFa for

. ) o - average distance of 50, 150 and 250 meters. Tlay dgl
time spent in the ‘ON’ state. Packets are generatdd in : : ; .
the ‘ON’ state. The ‘OFE State Time’ was the distion higher using the mechanism of the central acces¥. pét

name and arguments used for generating random raa&co 250 meters, the number of very large packet delays

. . . ) increased. At this distance, the mechanism useenhsure
for time spent in the ‘OFF" state. No packets araggated transmission quality does not play a role in teophpacket
in the ‘OFF’ state [8]. Baud rate was fixed at 113db delay time q y play P

Fig. 5. Delay of packets for 50 meters

Figure 6 shows the throughput obtained in both ogta
with DCF and PCF algorithms. The throughput isriyethe
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mechanism of PCF was used over long distances batwe
sensors or transmitters, where the power is low.

4. CONCLUSIONS

This paper describes the main ways of ensuring the
transmission quality measurement in wireless néetsior
Special attention was paid to the mechanisms of the
distributed data transmission with the DCF and Inigpited
the central point in the network PCF. WLAN workingder
DCF mode suffers from high latency value when thait
offered to the network exceeds certain limits (aeldeg on
the network size and the load demands of its d)dmcause
of the contention nature of this mode. On the otend,
PCF mode offers higher degree of determinism to the
network clients but suffers from the negative effed
polling overhead in the case of low load conditioffe
wise selection of PCF parameters must takes into
consideration several aspects such as the loadctexpe
to/from the nodes, number of nodes and the lelveérvice
provided for sensing networks requirements.

Enabling PCF functionality should be done after djoo
study of the whole network and the total estimdtedi on
every access point, as it may affect overall pentorce
badly. Estimating traffic load over an AP will heljp
determine number of PCF stations per access paihout
affecting the overall performance of the networkir@ctly
setting number of PCF station will tune the perfance of
those nodes as well as overall network performance.

REFERENCES

[1] CHANDRAN-WADIA L., MAHAJAN S., IYER S.:
Throughput Performance of the Distributed and Point
Coordination Functions of an IEEE 802.11 WirelessN, A
K. R. School of Information Technology, Indian Ihgte of
Technology Bombay.

[2] RASHEED S.A, MASNOON K., THANTHRY N,
PENDSE R.: PCF vs DCF: a performance comparison,
Department of Electrical and Computer Engineeringhita
State University, IEEE 2007.

[3] KURYTNIK I. P., KARPINSKI M.: Bezprzewodowa
transmisja informacji, Wydawnictwo PAK, Warszawe080

[4] KRUPANEK B., TOPOR-KAMNSKI T., Wykorzystanie
srodowiska OPNET Modeler w symulacjach sieci
komputerowych, Metrologia dgi i jutro, materiaty
konferencyjne MKM, Gdask 2009.

[5] KRUPANEK B.: Badania symulacyjne bezprzewodowego
systemu eksperymentalnego opartego na standardpee
przy wykorzystanirodowiska Opnet Modeler; Monografia
Xl Mie¢dzynarodowych Warsztatow Doktoranckich OWD
2009.

[6] TOPOR-KAMINSKI T., KRUPANEK B.: Niezawodnd
przesytu danych w rozproszonych systemach pomiactbwy

Fig. 8. Delay vs. node distance for PCF algorithm 7
However, differences between the mechanisms of P é:]
and DCF can be seen by comparing the number ofepac
retransmissions, especially at large distances evitae
packets may be lost during transmission. [9]

The number of retransmitted packets is greater than
distributed transmission mechanism DCF, while usiing
mechanism of PCF, not such a large amount of deds,
lost so it is not necessary to re-send to the Ac@esnt. The

Pomiary Automatyka Kontrola 10/2009.

FITZGERALD J., DENNIS A.. OPNET Lab Manual,
OPNET Technologies, Inc.2009.

www.opnet.com/

university program/teaching_with_opnet/textbooksl ana
terials/materials/fOPNET_Modeler_Manual.pdf
TOPOR-KAMINSKI T., KRUPANEK B., HOMA J.: Delays
Models of Measurement and Control Data Transmission
Network. Advanced Technologies for Intelligent &yst of
National Border Security, Studies in Computational
Intelligence, 440, pp. 257-279.



