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ABSTRACT

Performance of wireless communications is a most relevant issue, resulting in more reliable and efficient
communications. Laboratory measurements were made on several performance aspects of Wi-Fi (IEEE
802.11 a) Open point-to-multipoint links. Our study contributes to the performance evaluation of this
technology, using available equipments (HP VM-200 access points and Linksys WPC600N adapters).
New detailed results are presented and discussed, namely at OSI levels 4 and 7, from TCP, UDP and FTP
experiments: TCP throughput, jitter, percentage datagram loss and FTP transfer rate data. Comparisons
are made to corresponding results obtained for point-to-point links. Conclusions are drawn about the
comparative performance of the links. Keywords: WLAN, Wi-Fi, IEEE 802.11 a, Open Point-to-
multipoint and Point-to-Point Links, Wireless Network Laboratory Performance.

INTRODUCTION

Wi-Fi is a wireless communications technology working in the 2.4 and 5 GHz frequency bands.
Nominal transfer rates are specified up to 11 (802.11b), 54 (802.11a, g) and 600 Mbps
(802.11n) [1]. CSMA/CA is the medium access control method. Communications performance
has been of prime importance, leading to increasing reliability and efficiency. Studies have been
published on wireless communications, wave propagation [2,3], practical setups of WLANSs [4],
performance analysis of the effective transfer rate for 802.11b PTP links [5], 802.11b
performance in crowded indoor environments [6]. Telematic applications have specific
performance requirements, depending on application. New telematic applications are specially
sensitive to performance, when compared to traditional applications [7]. Several Wi-Fi
performance measurements have been made in the 2.4 and 5 GHz bands for open and secure
point-to-point (PTP) links [8,9]. In the present work new Wi-Fi results are obtained, mainly
through OSI levels 4 and 7, for IEEE 802.11a Open point-to-multipoint (PTMP) links.
Comparisons are made to corresponding results obtained for point-to-point links.

RESULTS

The experimental arrangement for TCP, UDP and FTP measurements is shown in Figure 1. The
experiments were made under far-field conditions using interference free communication
channels. No encryption was activated in the AP and the wireless adapters of the PCs [10,11].
The experiments were made under far-field conditions. No power levels above 30 mW (15
dBm) were required, as the wireless equipments were close. For each nominal transfer rate, an
average TCP throughput was determined from several measurements. This value was used as
the bandwidth parameter for every corresponding UDP test, giving average jitter and average
percentage datagram loss. Jitter, which gives the smooth mean of differences between
consecutive transit times, was continuously computed by the server, as specified by the real time
protocol RTP, in RFC 1889 [12]. The statistical analysis, including calculations of confidence
intervals, was carried out as in [13]. FTP transfer rate measurements were made using FTP
server and client applications. Batch command files were written to permit the TCP, UDP and
FTP tests. The results were obtained through remote control from the official IP University
network, via switch, and written as data files to the client PC disk. Figures 2-3 show TCP
throughput results for Open PTP and PTMP links, respectively. Figure 4 shows UDP-jitter
results for Open PTMP links.
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Figure 1. Laboratory setup scheme. Figure 2. TCP throughput versus technology and
nominal transfer rate; Open PTP.
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Figure 3 TCP throughput versus technology and Figure 4. UDP — jitter results versus technology
nominal transfer rate; Open PTMP. and nominal transfer rate; Open PTMP.

CONCLUSIONS

The best average TCP throughput, jitter and percentage datagram loss performances were found
for PTP links. In comparison to PTP links, performance degradations were found for PTMP
links, where the access point has to maintain links between PCs and processing requirements
increase.

Further performance studies are planned using several equipments, standards, topologies and
security settings, not only in laboratory but also in outdoor environments involving, mainly,
medium range links.

REFERENCES
[1] IEEE 802.11a, 802.11b, 802.11g, 802.11n, 802.11i standards, http://standards.ieee.org.

[2] Mark J. W., Zhuang W., Wireless Communications and Networking, Prentice-Hall, Inc., Upper Saddle
River, NJ, 2003.

[3] Rappaport T. S., Wireless Communications Principles and Practice, 2nd ed., Prentice-Hall, Inc.,
Upper Saddle River, NJ, 2002.

[4] Bruce III W. R., Gilster R., Wireless LANs End to End, Hungry Minds, Inc., NY, 2002.

[5] Schwartz M., Mobile Wireless Communications, Cambridge University Press, 2005.

Braga 8 a 10 de setembro de 2016



FISICA 2016 — 20* Conferéncia Nacional de Fisica — 26° Encontro Ibérico para o Ensino da
Fisica

[6] Sarkar N., Sowerby K.: High Performance Measurements in the Crowded Office Environment: a Case
Study, in Proc. ICCT 06-International Conference on Communication Technology, Guilin, China, 27-30
November 2006, pp. 1-4, 2006.

[7] Boavida F., Monteiro E., Engenharia de Redes Informadticas, 10th ed., Lisbon: FCA-Editora de
Informatica Lda, 2011.

[8] Pacheco de Carvalho J. A. R., Veiga H., Gomes P. A. J., Ribeiro Pacheco C. F., Marques N., Reis
A. D.: Wi-Fi Point-to-Point Links- Performance Aspects of IEEE 802.11 a,b,g Laboratory Links, in

Electronic Engineering and Computing Technology, Series: Lecture Notes in Electrical Engineering, Sio-
Iong Ao, Gelman L, Editors. Springer, Netherlands, Vol. 60, pp. 507-514, 2010.

[9] Pacheco de Carvalho J. A. R., Veiga H., Marques N., Ribeiro Pacheco C. F., Reis A. D.: Wi-Fi
Point-to-Point Links- Extended Performance Studies of IEEE 802.11 b,g Laboratory Links Under
Security Encryption, in FElectronic Engineering and Intelligent Systems, Series: Lecture Notes in
Electrical Engineering, Sio-long Ao, Len Gelman, Eds. Netherlands: Springer, Vol. 130, pp. 171-182,
2012.

[10] HP V-M200 802.11n access point management and configuration guide, 2010, http://www.hp.com.
[11] WPC600N notebook adapter user guide, 2008, http://www.linksys.com.

[12] Network Working Group. “RFC 1889-RTP: A Transport Protocol for Real Time Applications”,
http://www.rfc-archive.org.

[13] Bevington P. R., Data Reduction and Error Analysis for the Physical Sciences, Mc Graw-Hill Book
Company, 1969.

Project funded by FCT (Fundagdo para a Ciéncia e a Tecnologia)/PEst-OE-FIS/U10524/2014 (Projecto Estratégico-
UlI524-2014).

Braga 8 a 10 de setembro de 2016

95



