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Preface

This report is our thesis in Bachelor of Scienc€amputer Communication
at Halmstad University. The report states the tesand conclusions of site
survey of WLAN at Halmstad University. This rep@ives suggestions
about up grading of WLAN infrastructure at Halmstaaiversity.

This project gave us clear idea and exposure of tmwmplement the
knowledge studied at university into real life greal scenarios.

We would like to thank

Lasse Hagestam, IT-Chief at Halmstad University
Lennart Neiker, Network Engineer at Halmstad Ursitgr
Urban Bilstrup, Thesis Supervisor at Halmstad Ursirg
Nicolina Manson, Thesis Examiner at Halmstad Ursigr

All of them helped us a lot for our thesis work. Warned a lot from them.
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Abstract

The university intends to upgrade the wireless ngtvirom IEEE 802.11 g

to IEEE 802.11 n standard. The main task of thesi® investigate the

required number of access point for the updat&EEI 802.11 n. This thesis
contains a survey of the campus site and providggestions for locations
and number of access points required to providel gowverage and service
quality.
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1. Introduction

WLAN transforms wired networks into wireless netk&r The
communication between different nodes (e.g. comjpugedone via Access
points (APs). An access point plays the role okleiss Ethernet adapter.

Wireless LAN (WLAN) technology has been availafde a long time, but
it is during the recent few years that wireless LANLAN) has become
popular. WLAN has gained quick popularity due ts simplicity of
installation and the increased number of WLAN epea laptops.
Nowadays many public businesses are offering vagelpternet service as
secondary service to facilitate their customersesehsites manly include
international airports, cafes, restaurants and @hgp malls. With the
passage of time wireless networks are also beieg 6gr large distance
communication networks. One example of large wa®laetworks is the
pilot project carried out in New York City to covell five boroughs of the
city via wireless internet access [1].

1.1 Motivation and problem formulation

There have been a lot of complaints about the yualliHalmstad university
wireless internet service. Some areas did not geowireless access and in
some areas the wireless service is not of adequaiéy.

It was concluded that it was a necessity to upgthdeexisting system to a
new more advanced technology to meet the demandwfapplications and
provide better user experience i.e. quality of egpee (QOE).

Thousands of new students arrive every year autineersity and it gets
difficult to provide wireless internet service toveeyone because of
increased load on the network. It has been seé¢nhanternet connectivity
requirement of students have changed over timeayfstudents desire to sit
in a silent place along with their laptop wheretrezy feel comfortable for
study. So the university urges to provide an irtfeegure where students can
get access to network facilities within the boumegof the university.

However, some parts of the university had problentls wireless coverage
(low signal strength) as a result of increase imier of user or congestion
beyond the capability of the access point. Thisithprovides a site survey
of the present WLAN network at Halmstad Universiiith the main goal to
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provide enhancement plan of the accessibility efilreless network at the
Halmstad University.

2. Background
2.1 Wireless access offers advantages

» Installation speed and simplicitylastalling a wireless system can be
done faster, easy and can eliminate the need tegthlk through the
walls and the ceilings.

» Reach of the network — The network can be extetaethces which
cannot be wired.

» More Flexibility — Wireless networks offer morelbility and
adaptation, and it is easy to change the configuratf the network.

* Reduced cost — The initial investment which reqligr wireless
network can be higher than the cost of wired netvinardware;
however the overall installatia@xpenses and life-cycle costs can be
significantly lower in a dynamic environment asraversity.

« Convergence — It provides convergence of services a single
connection that can handle all data (voice, vided data) over the
one network. The move to wireless system is a diostdstep towards
convergence infrastructure, and it allows for a gedr IT
infrastructure by running voice, video and datamogk on the same
infrastructure.

2.2 How does wireless LAN work:

The wireless connection is provided by that a caepis associated to a so
called Access Point in its neighborhood i.e. inidgahnge. Access point
utilizes radio waves, microwaves and infrared waktesend and receive
data from connected devices e.g. wireless LAN athlbbmputers. These
access points are connected to an internet sernwxisting wired network.
In the fig 2.1, user nodes represent computers WitiAN enabled network
adapter; the access point transmits and receivadan these nodes.

Page
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Acess point

X

Fig 2.1, Example of WLAN scenario

2.2.1IEEE 802.11g

The IEEE 802.11 g is the standard offering highatadrates, extended
range, back ward compatibility to IEEE 802.11b dtad and forward
compatibility to IEEE 802.11a standard.

The modulation scheme that is used in 802.11¢ tisogonal frequency-

division multiplexing (OFDM) directly copied from02.11a with data rates
of 6, 9, 12, 18, 24, 36, 48, and 54 Mbps and revertCCK for 5.5 and 11

Mbit/s and DBPSK/DQPSK+DSSS for 1 and 2 Mbit/s. ietleough 802.11g

operates in the same frequency band as 802.1&bniachieve higher data
rates because of its heritage from the 802.11alatdn

Page
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2.2.2 |[EEE 802.11n

IEEE 802.11n is enhanced and upgraded versioregbrievious standards to
improve network throughput. It provide a signifitanncrease in
transmission rate, the maximum data rate is inec&®m 54 Mbps to 600
Mbps by adding MIMO (multiple input multiple outguand 40 MHZ
channels to the PHY (physical layer), and framereggtion to the MAC
layer.

IEEE 802.11n is an amendment to IEEE 802.11-2008n@nded by IEEE
802.11k-2008, IEEE 802.11r-2008, IEEE 802.11y-2@0f®| IEEE 802.11w-
2009.
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i o o e i

Fast speed

Long range

Fig 2.2, Latency vs. Distance test for IEEE 802.1f' & ‘g’

MIMO (multiple-input and multiple-output,) is a teaology which uses
multiple antennas to coherently resolve more infdrom than possible
using a single antenna.

MIMO SDM can significantly increase the data rate tae number of
resolved spatial data streams is increased. Eaatiakgtream requires a
discrete antenna at both the transmitter and tbeiver. MIMO (multiple-

input and multiple-output) technology requires pasate radio frequency
chain and analog-to-digital converter for each MIM&htenna which
translates to higher implementation costs comparyatbn-MIMO systems.
Channels operating at 40 MHz are another featuegiated into 802.11n
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which doubles the channel bandwidth from 20 MHzpmevious 802.11

PHYs to transmit data to 40MHz. This allows for @udling of the PHY

data rate over a single channel. It can be enabldte 5 GHz mode if there
is knowledge that it will not interfere with anyhetr 802.11 or non-802.11
system using these same frequenciBBMO architecture with wide

bandwidth channels offers increased physical teansfite over 802.11a
(5 GHz) and 802.119g (2.4 GHz)

2.3 Why IEEE 802.11n

Halmstad University was using 802.11g Wirelessretbgy which operates
at a maximum data rate of 54Mbps with bandwidtB@MHz (delivering
roughly half application throughput due to overhead

The new IEEE 802.11n standard operates at a maxidatanrate of 300
Mbps with bandwidth up to 40MHz. 802.11n enabledaks can operate on
2.4 GHz and 5 GHz frequency band. This standabde&ward compatible
to 802.11g and previous standards. This mean8@2allg enabled devices
can connect through 802.11n access points. Butdhueyet benefit of extra
bandwidth offered by 802.11n standard.

We advised IT department of Halmstad Universitypgrade their existing
system with new 802.11n devices. Because with 8@2atcess points more
devices (even not 802.11n compatible devices) oanect to one access
point. If instead now university increase the nunife802.11g access point,
this might solve the problem for time being butuamsity might have to
spend extra money to upgrade to new standardumefugo, it's better to
upgrade to upgrade now as it will solve the probterong run.

2.4 The History and the alphabet soap of the IEEE
802.11

Institute of Electric and Electronics EngineersHE) 802.11is a set of
standards for wireless local area network (WLANY}he frequency ranges
2.4 GHz and 5 GHz. They are developed and mairdanyethe IEEE LAN
Standards Committee (IEEE 802) and the curreniorers 802.11n of IEEE
802.11 standards which was introduced in the y@ae2

From the beginning three physical layer specifaragi were provided by
these standards: infrared, 1-2 Mbps frequency mgpgipread spectrum
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(FHSS) and 1 - 2 Mbps direct sequence spread sipe¢dSSS) in the 2.4
GHz ISM band. The 802.11 standard was later deedl@iong two paths.

The 802.11b specification increased data ratesrueyioe 10 Mbps mark,
maintained compatibility with the original 802.11SBS standard and
incorporated a more efficient coding scheme knos/mcamplimentary code
keying (CCK) to attain a top-end data rate of 11pklbAfter that success a
second coding scheme, Packet Binary ConvolutioneC@BCC), was
included as an option for higher performance inftren of range at the 5.5
and 11 Mbps rates, as it provided for a 3 decid8l) (coding gain. The
second development path of 802.11 was nominaté&02d4 1a. It ventured
into a different frequency band, the 5.2 GHz baaml] was specified to
achieve data rates up to 54 Mbps. Unlike 802.1%h¢hvis a single carrier
wireless network, 802.11a utilized a multi-carrimodulation technique
which known as orthogonal frequency division muéing (OFDM). By
utilizing the 5.2 GHz radio spectrum, 802.11a id mderoperable with
either 802.11b, or the initial 802.11 WLAN standakd March 2000, the
IEEE 802.11 Working Group produced a study groupnteestigate the
feasibility of establishing an extension to the 80» standard for data rates
greater than 20 Mbps. In July 2000, this study prbecame a full task
group, Task Group G (TGg), with a mission to defihe next standard for
higher rates in the 2.4 GHz band.

The result was the IEEE 802.11g standard forlesselocal area networks
(WLANS), it offers transmission rates up to 54 Mhpsthe 2.4 gigahertz
(GHz) band over short distance.

2.5 Comparison802.11n and 802.11g

The figure below shows the range and data rate aosgn for both
standards. In the upper half of the figure, bluerccepresents the range of
IEEE 802.11n standard whereas orange color regeessmge of IEEE
802.119g standard. In the lower half of figure tlagadrates of both standards
are compared.
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802110 B0Z.11n

J300

IEEE 802.11n I,
IEEE 802.11g | %)54

IEEE 802.11b —%L

Fig 2.3, Comparison of IEEE 802.11 standards

A major drawback of this standard is suffering frarterference problems
from devices like microwave ovens, cordless pharesBluetooth devices.

Actual achieved speeds range from 130 to 160 Mbp& doubling of
bandwidth from 20 MHz to 40 MHz greatly increasbs tspeed of data
transfer.

It has a MIMO (Multiple InputMultiple Output) architecture which is
actually a smart antenna technology that signifigaimproves the data
transfer rate. It allows 4 10 streams. It meang thpackets can be sent,
received or combination of both simultaneously. iDes based on 802.11n
standard are compatible with earlier standards
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3. Method

3. 1 Personal visits of sites

The first part of project was to visit the areaseventhe university (IT
department) got problems or had received complahtait WLAN signal.

We recorded the signal strengths at different lonat especially in the
critical regions. For this purpose we used a sigmetler to check the signal
strength to verify the situation.

3.2 Interviews

To get the feedback from users and concerned atiéisprwe conducted
interviews with the technical staff working theradawith head of the
departments to discuss the problems. These inwsvigointed out the
problem areas and also pointed out the difficuléesd by users.

Wireless local area network (WLAN) users are satisfibout the quality
and speed of network in most of departments ofHhknstad University.

There are some complains for some departments where are lot of

WLAN users. The wireless internet service is dexdato be satisfied in
departments A, B, C, E, F, H, J, N, P, Q, S and/Trlajority of the users
interviewed. But lot of users complained for thepeervice in department
D, M and O. They mainly complained about the spaed connectivity of

WLAN. A described the situation in department M. $éad “Wireless local

area network (WLAN) in not so good in M departmgdbnnection is lost
frequently so one has to reconnect again and aghm.download speed is
not good also. The infrastructure should be impdove provide good

service”. Some other users complained same kindpmblems for

department D and O.

3.3 Tools

To check the signal strength and the wireless emeenf Cisco Aironet
1000 Series access points in all the university \MLsites we used a
specially design software “WirelessMon Professignalhich was

recommended by the IT department of the university.
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10 access points detected {8 secure - 2 unsecured) - 7 available

Figure 3.1, User Interface of Wireless Mo

3.3.1Wireless Mon

Wireless Monis a specially design software tool that allowsrsise monitot
the status of wireless \-Fi adapter and gather information about ne:i
wireless access points and hot spots around then@rd in real time
WirelessMoncan log the information collected into a file an@ypdes you
comprehensive graphing of signal strength andtneed IP and 802.11 V-
Fi statistics

3.3.1.1 Utilities,

. To verify 802.11 network configuration is corre

. To test WiFi drivers and cvice hardware are functioning correc
. To check signal level of local and nearby netwdk-Fi networks
. To locate sourcef interference i network.

. To scan hot spots Incal are: network (war driving).

. To verify correctly locate your wiress antenna

. To verify the security settings for local accpests.
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. To measure network speed and throughput and asarable data rates.
. To help check Wi-Fi network coverage and range

3.3.1.2 Platforms:
Windows XP, Windows2000, Windows 7.

3.3.1.3 System requirements:

64MB Ram, 1.5MB Disk space, Compatible 802.11
wireless adapter

3.3.2 Bandwidth Place:

To check the Bandwidth and the wireless coveragddwnload and upload
data we used specially designed software calleaidBadth Place”.

7\ BANDWIDTH

ET /)
EST (m"

o
—

Sy

10 mps "/

¥
A Mbps B Speed
S, CURRENT SPEED -
Upload

Speed

ey
o
-~

Figure 3.2, User interface of Bandwidth Place
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Bandwidth Place is used for Internet speed testxaimines the broadband
connection speed for the purpose of validating thuernet speeds of
connected Access point across the globe.

Bandwidth Place is delivering intelligent informati regarding the current
download and upload speed.

Bandwidth is simplifying small business voice aratad communications,
and covers the full range of information for snalkiness communications
requirements.

Bandwidth Place is a very powerful tool for leagniabout residential
internet solutions at home or small institute arfte¢k the availability of
different providers in your area, and compare rldtibroadband options,
including high-speethternet and television.

3.3.3 Speed test results for Halmstad University m&ork

Download
S Speed

Upload
s - Speed

Figure 3.3, Speed test result for Halmstad Universi internet
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3.4 Equipment

3.4.1 Cisco Aironet 1000 Series Access Points

1]
]
LG
1

Hl

We

Figure 3.4, Cisco Aironet 1000

The currently used access point in the universitthe Cisco Aironet 1000
Series Access Points, provide by industry leadiri§(RRdio frequency)
capabilities with a wide range of deployment opgidor maximum wireless
local area networks performance, security, relighibnd easy to configure
it. This makes the Cisco wireless LANs (local areztworks) solution
ideally suited for any enterprise environment

The Cisco Aironet 1000 Series access points areifsadly designed for
operation with Cisco Wireless LAN Controllers argk tWireless Control
System management. They provide dual band suppof02.11a, 802.11b
and 802.11g, simultaneous air monitoring for dyrameal time RF (Radio
frequency) management. Further more Cisco Airor€01Series Access
Points handle time sensitive functions, such aseLd&y encryption, that
enable Cisco wireless LANs to securely support e/onideo, and data
applications.
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20




Site Survey for WLAN up Gradation at Halmstad University

Enterprise wide RF (Radio frequency) Intelligenseprovided byCisco
Aironet 1000 Series Access Points combine simuttamedata forwarding and air
monitoring functions eliminating the need for aduhtl dedicated monitoring nodes and
thereby reducing the cost of operating wirelessvaodts. This simplifies network design
and deployment and maximizes RF (Radio frequenegurity by extending real-time
monitoring to every corner of a wireless infrastuie

3.4.2 Specifications

Data Rates Supported
802.11a: 6, 9, 12, 18, 24, 36, 48, and 54 Mbps
802.11b: 1, 2, 5.5, and 11 Mbps
802.11g: 1, 2,5.5, 6, 9, 11, 12, 18, 24, 36 248l 54 Mbps

Frequency Band and Operating Channels

802.11a: 5.15 t0 5.25 GHz, 5.25 to 5.35 GHz, $0459.725, 5.725 to 5.825 GHz
802.11b: 2.412 to 2.497 GHz
802.119g: 2.412 to 2.497 GHz

Non overlapping Channels

802.11a: Up to 12
802.11b/g: Upto 3
Dependent upon country-specific regulatory apgi®v

Available Transmit Power Settings

100, 50, 25, 12.5, and 6.25 percent
802.11a: 50 mw (17 dBm) conducted
802.11b: 100 mw (20 dBm) conducted
802.11g: 100 mw (20 dBm) conducted

Antenna Connectors
AIR-AP1010-x-K9: None
AIR-AP1020-x-K9 and AIR-AP1030-x-K9:
802.11a: One male RP-TNC connector
802.11b/g: Two male RP-TNC connectors

Power

48 VDC; 250 mA; 10W
Power over Ethernet (IEEE 802.3af)
Optional AC power supply (AIR-PWR-1000=)

Wi-Fi Certification

802.11a/b/g
Wi-Fi (wireless fidelity) Protected Access (WP#&)d WPA 2: Personal, Enterprise
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4 Results

4.1 Facts from Survey of Campus site

To get the overall picture of scenario we conducgedsurvey at all
departments of the university. This survey was dorectly identify the
problems and it helped in suggesting solutiongHerfaced problems.

Survey results and suggested solutions for depatsmef Halmstad
University are as follows.

Al (House ‘A’, floor 1)

AP (Access pointis located at the corner at this floor; if we @dhe AP of
‘n’ standard in the center then whole floor will berved with full signal
strength.

A2 (House ‘A’, floor 2)

It does not have an AP (access point). The us#risnarea gets connected
through the access point at Al. There is no neetodss point at this floor
because of fewer users in this area.

B1 (House ‘B’, floor 1)

There is one access point at this department. Woiking fine enough to
provide good connectivity to users at this block.

B2 (House ‘B, floor 2)

There is one access point at this department. én@igh to provide good
connectivity to users at this block.

C1 (House ‘C’, floor 1)

There is one access point at this department. Woiking fine enough to
provide good connectivity to users at this block.
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D1 (House ‘D, floor 1)

There is no AP (access point) in this block. Thersigiet connected to the
network via access point located in department to fewer numbers of
users, there is no need of access point in thiartiepnt.

D2 (House ‘D, floor 2)

Two AP’s (access points) are serving the area. Whehoad increases then
some users get connected to AP (access poingon B3.

D3 (House ‘D, floor 3)
Two AP’s (access points) are serving the area 99& connectivity.
D4 (House ‘D’ floor 4)

One AP is located at this department. If we plhe=AP (access point) near
to room D413 then the coverage will enhance.

D5 (House ‘D’ floor 5)

One AP is located in the department. One more APes point) should be
installed because of large number of students. addsird AP should be
placed in the center of this area for full coverage

E2 (House ‘E’, floor 2)

One AP is located and it is working fine for prawigl satisfactory service.

E3 (House ‘E’, floor 3)

One AP is located and it is providing satisfactoegult. Faculty rooms are
located on this floor. Most of the faculty memberse desktop computers
connected to wire network. Thus, decreasing loawh fwireless network.

E4 (House ‘E’, floor 4)
One AP is located and it's providing satisfactaguit.
E5 (House ‘E’, floor 5)

One AP is located and providing full coverage.
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F1 (House ‘F’, floor 1)
One AP is located and providing satisfactory sexvic

F2 (House ‘F’, floor 2)
No AP found, F1 & F3 AP is covering to this area.
F3 (House ‘F’, floor 3)

One AP found, but if we place this AP in the cemkthis area, then it will
provide full satisfactory coverage.

F4 (House ‘F’, floor 4)

No AP found but getting services from F3 AP, weoramend that we
should place AP on this area because of more pgrojems; if we place N
standard AP then it will also cover to up floors.

F5 (House ‘F, floor 5)
No AP found but getting signals from E5 & F3 floors
H2 (House ‘H’, floor 2)

One AP found and providing good service but if wacp this AP in the
center then it will provide excellent coverage.

H3 (House ‘H’, floor 3)
One AP found and providing full satisfactory seevic
H5 (House ‘H’, floor 4)

One AP located but it is placed at the corner entdble, if we place this AP
in the center of this floor then it will providetsdactory coverage.

H6 (House ‘H’, floor 6)
One AP Found and it is providing good coverage.
H7 (House ‘H’, floor 7)

No AP Found but getting signals from H5 and H6.
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J1 (House ‘J’, floor 1)
One AP found and providing satisfactory service.
J2 (House ‘J’, floor 2)
One AP found and also providing good coverage

M1, M2, M3 (House ‘M’, floor 1,2&3)

There is access point on each floor. The desonptf above locations say
that 30-40 users come online in M1, 20-30 peop& arline in M2 and

about 35-50 users are online in M3 in day time, sSTlius desired that 1
access point will be required at each locatiorpfaper functioning.

N1 (House ‘N’, floor 1)
All over coverage is good 3 AP providing good cagy
N2 (House ‘N’, floor 2)

The AP of N2 is not working well and the signalsneofrom nl
N3 (House ‘N’, floor 3)

All over coverage is good
02 (House ‘O’ floor 2)

No coverage in room 237-246. The student preferstothat place because
there are small cubical and is better place fodystig but due signal
problem, it is highly recommend that we install gomew access point in
this area.

O3 (House ‘O’, floor 3)

Room 3316 — The signal strength in this area iddop we recommend that
we need to place one AP in the center of this floor

P1 (House ‘P’, floor 1)
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No Access point found, we recommend that we needNbstandard AP for
providing best service for this area.

P2 — P3 (House ‘P, floor 2, 3)

One AP found and providing satisfactory coverage.
P4 (House ‘P, floor 4)

No AP found but getting signals from P3 floor

P5 (House ‘P, floor 5)

One AP found and providing satisfactory coverage
Q1 (House ‘Q’, floor 1)

We have one access point in Q1, the signal straegibod and most of the
time less student visit there for network usage.

Q2 (House ‘Q’, floor 2)

In Q2, most of the area has weak signal strengtinlyndue to the access
point from Q1. It is recommended that we instalivraecess point here.

Q3 (House ‘Q’, floor 3)

A lot of students are using this block but they suffered a lot due to signal
strength. They can catch conditional signal madug to the signal caught
from Q1 AP. Itis really and strongly desirablehtmve an access point in this
block, so that everyone can connect and use netsvodothly.

Q4 (House ‘Q’, floor 4)

Some time we have signals and sometimes not budubecthis area is
composed of offices mainly and they use wired ndtwattached to the
desktop PC, thus installing an access point inkdluek is optional

Q5 (House ‘Q’, floor 5)

There is on AP on the top of conference room arghiee of that Q5 has
now good coverage. Thus | guess there is no neleavi® an extra AP here.

R1 (House ‘R’, floor 1)
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Not so much usage

R2 (House ‘R’, floor 2)

R2 has one router and it can cover the area fully

R3 (House ‘R’, floor 3)

R3 has good coverage. No complaints from this area.
R4 (House ‘R’, floor 4)

The signals in R4 are perfectly fine.
R5 (House ‘R’, floor 5)

R5 is getting signals from R4 so it is quite wlost of the area has good
coverage but some are experiencing problems mIOK because main area
has no problem

4.2 Results and signal strength analysis

By using different soft ware like WirelessMon andri8lwidth Placer, we
conducted different operations on the wireless adtwat HALMSTAD

UNIVERSITY and the results are shown in the figurefow.

The results below represents wireless coveragenakigtrength and
download and upload speed at a particular depattnoénHalmstad
University.

Below are the analysis results for different daparits at Halmstad
University.

Department ‘A’

In department A there are small numbers of wirelegsrnet users. There
are few offices and couple of laboratories for siid. The access point is
installed in a corner of A1 (department ‘A’, floby which serves both A1 &

A2 floors. The average wireless signal strengtdepartment Al is -66.33

dBm. The average wireless signal strength in depant A2 is -74.33 dBm.
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The figures below show the signal strength at weri@cations at the above
said department.

i or=r=
.

mac:00.0b.85 54 a3.d1

Figure 4.1, Results for department ‘A’ floor ‘1’
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Figure 4.2, Results for department ‘A’ floor ‘2’

Department B

In department B there is small number of wireledsrnet users. There are
few administrative offices, study hall for studerasd laboratory for
students. The access point is installed in study &tadepartment Bl
(department ‘B’, floor 1) and in department B2 ac@oint is installed in
the centre of the department. The average wiretggsal strength in
department B1 is -58.33 dBm. The average wirelégsabk strength in
department B2 is -36.5 dBm.

The figures below show the signal strength at werimcations at the above
said department.
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Figure 4.4, Results for department ‘B’ floor ‘2’
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Department C

In department C there is small number of wirelegsrnet users. There are
mostly offices and few project laboratories. Theess point is installed in
the centre of this department. The average wirefdgnal strength in
department C1 is -50.0 dBm.

The figures below show the signal strength at weri@cations at the above
said department.
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e L
=

¥ = Downlosd
4 |mUpload

mac: D027 0d.b0.al. 11

Figure 4.5, Results for department ‘C’ floor ‘1’

Department D

In department D there are a lot of wireless usEmnsre is a class room and a
laboratory almost on every floor of this departmdifitere are also dedicated
study areas on every floor except floor 1. Theradsaccess point on floor
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D1 because of almost no wireless internet uses, ftbor is served by the
access point located on floor D2. There are twesk@oints on the floors
D2 and D3.0ne access point is located on each,flddrand D5. The
average signal strength on floors D1, D2, D3, Dd 85 is -66.5 dBm, -
57.75 dBm, -55.85 dBm, -55.71 dBm and -53.85 dBspeetively.

The figures below show the signal strength at theva said department.

i

A Acess pointof Di]

7 T | ) A
¥ - | mac: D0.0b.85.84.32.a1
| = -~ | s

> |‘ | ) mac: 00.00.85.84.18.71

i T B \I‘:IV;_}_‘T T o = e _,.:‘ = J_k i Z’:;____
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Figure 4.6, Results for depamient ‘D’ floor ‘1&2’
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mac: D0.00.85.84 3e.a1
8-

mac: 00.00.85.84.18.71

Page

32



Site Survey for WLAN up Gradation at Halmstad University

! |
= (A) Acess pomt
| | @ acess paim
g
o o Download

. mae: 00.0b.85.84 20.F1

ot Tele T30

mac: 00.0b 85 64 2f ea

Figure 4.8, Results for department ‘D’ floor ‘4’
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Figure 4.9, Results for department ‘D’ floor ‘5’

Department E

In department E there are few wireless users. Thezeoffices of faculty

members and doctorate students. The IT departnfi¢tdlonstad University

is located on floor E1. So, it was out of bound &malysis. There is one
access point on each floor E2, E3, E4 and E5. Vaemge signal strength on
floors E2, E3, E4 and E5 is -59 dBm, -49.33 dBnY, éBm, and -53.75

dBm respectively.

The figures below show the signal strength at theva said department.
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Figure 4.13, Results for department ‘E’ floor ‘5’
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Department F

In department F there is small number of wireledsrnet users. There are
faculty offices, student health centre and couglelass rooms. There are
access points only on floor F1 and F3. The sigtrahgth in floors F1, F2,
F3, F4 and F5 is -71 dBm, -68.33 dBm, -66.5 dBn7,.68 dBm and -78

dBm.

The figures below show the signal strength in theva said department.
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Figure 4.14, Results for department ‘F’ floor
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Figure 4.17, Results for department ‘F’ floor ‘5’

Department H

In department H there are administrative officestsmre are less wireless
internet users. There are access points on flo@rsH3, H5, H6 and H21.

The signal strengths at floors H2, H3, H5, H6, Hd &21 are -57.2 dBm, -
63.85 dBm, -51.77 dBm, -68.5 dBm, -66.75 dBm ar&ldBm.

The figures below show the signal strength in alsaid department.
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Figure 4.19, Results for department ‘H’ floor ‘5’
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Figure 4.21, Results for department ‘H’ floor ‘21’
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Department J

In department J there are only class rooms andnserhalls. So, there are
very less wireless internet users. There is onesacpoint on each floor J1
and J2. The average signal strength at floor J1Jan$ -45.5 dBm and -
42.66 dBm respectively.

The figures below show the signal strength at theva said department.
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Figure 4.22, Results for department ‘J’ floor ‘1’
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Figure 4.23, Results for department ‘J’ floor ‘2’

Department M

Department M is the university library. There atgte lot users of wireless
internet. There is one access point on each floteolibrary (M1, M2 and
M3). The average signal strength at the floors M2, and M3 is -54.57
dBm, -68.5 dBm and -49.2 dBm respectively.

The figures below show the signal strength at theva said department.
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Figure 4.24, Results for department ‘M’ floor ‘1&2’

Figure 4.25, Results for department ‘M’ floor ‘3’
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Department N

In department N there are lot of users of wirelessrnet. There are three
access points in floor N1, one access point in NQ &0 access points in
N3.The average signal strength in floor N1, N2 &&lis —65 dBm, -59

dBm and -68.57 dBm.
The figures below show the signal strengths of alxaid department.
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Figure 4.26, Results for department ‘N’ floor ‘1 & 2’
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Figure 4.27, Results for department ‘N’ floor ‘3’

Department O

In department O there is lot of users of wireledsrinet. In this department
there are class rooms, laboratories and study rodimsre is one access
point on each floor (O1, O2 and O3). The averageasdistrength on floors
01, 02 and O3 is -53 dBm, -64.5 dBm and -57.11 dBm.

The figures below show the signal strength at wbffié locations of above

said department.
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Figure 4.29, Results for department ‘O’ floor ‘3’
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Department P

In department P there are class rooms and lab@str students. So, there
are quite lot users of wireless internet. Therenis access point on floor P2,
P3 and P5.

The average signal strength on floors P1, P2, B&nid P5 is -68.25 dBm, -
59.71 dBm, -60.42 dBm, -70.83 dBm and -63.55 dBm.

The picture below shows the signal strength aedkfiit points of above said

department.
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Figure 4.30, Results for department ‘P’ floor ‘1& 2
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Figure 4.31, Results for department ‘P’ floor ‘3’
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Figure 4.32, Results for department ‘P’ floor ‘4’
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Figure 4.33, Results for department ‘P’ floor ‘5’

Department Q

In department Q there are student centre, clagagoadministrative offices
and gym and sports complex. So, there are quiteusetrs of wireless
internet. There is one access point on floor Ql@arelaccess point on floor
Q5. The average signal strength on floors Q2, QBakd Q5 is -72.25 dBm,
-62.5 dBm, -72.5 dBm and -68.875 dBm respectively.

The figures below show the signal strength at cbffié locations of above
said department.
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Figure 4.35, Results for department ‘Q’ floor ‘3’
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Figure 4.37, Results for department ‘Q’ floor ‘5’

Department R

In department R there are lot of class rooms, Eooes, seminar rooms,
study rooms and group meeting rooms. So, the numbesireless user in
this department is quiet high. There is one acpes# at floor R2 and two
access points on floor R4. The average signalgnest floors R1, R2, R3,
R4 and R5 is -72.6 dBm, -60.8 dBm, -57.5 dBm, -32IBm and -69 dBm.

The figures below show the signal strength at cbffié locations of above

said department.
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Figure 4.38, Results for department ‘R’ floor ‘1&2’

Page

gi1zps:  BREEEE
Affiag 2iies
o

£
aoe

53




Site Survey for WLAN up Gradation at Halmstad University

A
mac: 00.0b.85.84 a3 i
B;
mac: 00.0b.85.86.ce.3¢

=

I

[k )35 i ||t
9] i

o
mac 00.0b.55.54.a3.1

&

E%m

3 FTﬂ‘sﬂC

Figure 4.40, Results for department ‘R’ floor ‘5’
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Department S

The university is offering wireless internet seevnly in floor S3. Because

on the rest of the floors there are class roomsopen halls. The amount of
wireless internet users in S block is quite godtker€ is one access point on
floor S3. The average signal strength on floors5%9.375 dBm.

The figures below show the signal strength at cbffié locations of above

said department.
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Department T

There are quite lot of users in this departmenthla department there are
laboratories, class rooms and examination hallserdlare two access points
on each floor T1 and T2. The average signal stheagtloors T1 and T2 is -
48.66 dBm and -52.15 dBm respectively.

The figures below show the signal strength at cbffié locations of above
said department.
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Figure 4.44, Results for department ‘T’ floor 2’
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4.3 Results for 802.11n network

In the light of the recommendations made by thgorg IT department at
Halmstad University replaced the existing 802.1tgeas points with new
802.11n access points. At some departments the emunfbaccess points
was also increased as compared to previous nunilercess points. The
table below shows the number of access pointsah dapartment.

No. | Department Floor | Previous | Type Current| Type
number off N: 802.11 n number| N: 802.11 n
access G: 802.11g| of G: 802.11¢g
points access

points

1 A 1 1 G 1 N

2 B 1 1 G 1 N

3 2 1 G 1 N

4 C 1 1 G 2 N:1, G:1

5 D 1 0 - 1 N

6 2 2 G 2 N

7 3 2 G 2 N

8 4 1 G 2 N

9 5 1 G 2 N

10 | E 1 0 - 2 N

11 2 1 G 1 N

12 3 1 G 1 N

13 4 1 G 1 N

14 5 1 G 1 N

15 | F 1 1 G 1 N

16 3 1 G 1 N

17 | H 2 1 G 1 N

18 3 1 G 1 N

19 5 1 G 1 N

20 6 1 G 2 N

21 7 0 - 1 N

22 21 1 G 1 N

23 | J 1 1 G 1 N

24 2 1 G 1 N

25 | M 1 1 G 2 N

26 2 1 G 2 N
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27 | M 3 1 G 2 N
28 | N 1 3 G 3 N:1, G:2
29 2 1 G 2 N
30 3 2 G 2 N
31 | O 1 1 G 2 N:1, G:1
32 2 1 G 2 N:1, G:1
33 3 1 G 2 N:1, G:1
34 | P 1 0 - 2 N
35 2 1 G 2 N:1, G:1
36 3 1 G 2 N
37 4 0 G 2 N
38 5 1 G 2 N:1, G:1
39 |Q 1 1 G 2 N
40 4 0 - 2 N
41 5 1 G 2 N
42 | R 2 1 G 1 N
43 4 2 G 3 N
44 | S 3 1 G 1 N
45 | T 1 2 G 3 N
46 2 2 G 3 N

Table 4.1, Number of Access points in each departmi a comparison

The IT department at Halmstad university modificlde tsystem in
accordance to the recommendations made earliéigrréport. To improve
the service they increased the number of accesdaspat departments C1,
D1, D4, D5, E1, H6, H7, M1, M2, M3, O1, 02,03, PR, P3, P4, P5, Q1,
Q4, Q5, R2, R4, T1 and T2. At these departmentg tiod only increased
the number of access points but also replacedxisérng ones with 802.11n
access points. At the departments D1, E1, H7, Rlarl Q4 previously
there was no access point installed but now newl802series access points
are installed.

To explain the effect of these modifications we gomeng to discuss the
results of the department M. This department isutlgersity library. There
are always quite a lot number of wireless inteusstrs. Previously the most
complaints received about wireless internet servigere from this
department. By the modification and installation refw 802.11n series
access points the service has improved. Previotisly average signal
strength at department M floors M1, M2 and M3 wa4.57 dBm, -68.5
dBm and -49.2 dBm respectively. Now after the maodifon the average
signal strength at floors M1, M2 and M3 is -51.8nd -60.3 dBm and -
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46.14 dBm respectively. The download and uploa@g@dgevere increased as
well. The signal strength, upload and download dpe#t various points of
above said department are shown in the figuresabelo
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Figure 4.45, Results after modification for departnent ‘M’ floor ‘1’
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Figure 4.46, Results after modification for departnent ‘M’ floor ‘2’
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Figure 4.45, Results after modification for departnent ‘M’ floor ‘3’
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5 Conclusions

To conclude the thesis work here are some suggsstio improve the
wireless internet QoS (quality of service) at HabdsUniversity.

There are some departments where no problem waevéied. These
departments include department ‘A’, department ‘Bepartment ‘C’,
department ‘E’, department ‘H’, department ‘J’, dgment ‘R’ and
department ‘T’. The service can be enhanced bygihgrihe existing access
points by n-series access points. In the above iomat departments
although there was no problem but still coverage ba enhanced by
changing the location of access point. The accesdspon floors Al, H2
and H5 should be moved from corners to centre efltior. In this way the
signal strength will be good on whole floor.

The department ‘D’ has some problems regardinglesseinternet service.
These problems were identified during the signedrgjth analysis. These
problems are also discussed in results sectiorth®floor ‘D2’ the existing
two access points should be replaced by three iessacccess points to
enhance the coverage and also to be able to accdatenmore users. On
the floor D5 one more access point should be addethat more students
can get internet access. These two floors are th& ©rowded floors in
department ‘D’.

Some problems were discovered in the departmentOR’the floor F3 the
existing access point should be relocated to cemtcereplaced by n-series
access point. One access point should be instafiefboor F4 as currently
there is no access point.

Internet connectivity is a major problem in depatin ‘M’. As this
department is the university library so every timgproximately 40-50
wireless internet users are present on each floamently installed access
points (one on each floor) are not enough to pe\gdod connectivity.
More access points should be added on each floacdcommodate so many
users.

In the department ‘N’ floor N2 there is one acgesmt. But installed access
point is not working properly. So, a new n-seriesess point should be
installed. Currently users in floor N2 are gettisgrvice through access
points located on floor N1 and N3, thus, affectingir performance as well.
Internet connectivity is a big problem in departin&x'. There are some
study rooms with no internet access on floor O2 andloor O3. So, new
access points should be added to solve the problem.

In department ‘P’ there is no access point on flBar So, a new n-series
access point should be installed.
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Internet connectivity is a major problem in depatm'Q’ on floors Q2 and
Q3. The users on these floors are using interreaetess point on floor Q1.
New n-series access points should be installedamsf Q2 and Q3. This
new addition will also enhance signals on floor Q4.

In department ‘S’ floor S3 there is one access tp@ome of the seminar
rooms on this floor have no internet connectividp. a new n-series access
point should be added in addition to the existiogeas point.

By implementing these suggestions the wirelessneteservice at Halmstad
University will be enhanced and the problems reigardinternet
connectivity will resolved. Also good quality ofrsece will be provided to
users.
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Summary

This paper dealt with performance measurements8@i#.11g Wireless

Networks. In the beginning an introduction abouteldss system is given,
including the brief history of the wireless, implentation, drawbacks and
the advantages as well as the medium access ofededs LAN.

Afterwards, a focus on Wireless standard 802.1keat The usage of
different modified standard 802.11g and 802.11rdescribed in detail.

Furthermore, a short discussion about the advastagd disadvantages of
two different standards along with little compansweas given. For each of
the two standard try figure out their work was présd.

The following chapter introduced the testing enmiment, which gave a
detailed description of our work, the locationstloé Access point, and the
software for measuring signal strength and latency.

The actual test sequence was defined with fullidietahapter also showing

the results of our work.

In the same chapter the results of the referen@sumnements testing of the
whole department, and a wireless coverage’s arengiVhey clearly stated
that the wireless signal coverage (signal strerdyituynload and uploads).

Afterwards, an introduction to the test series tfog actual WMHN tests
followed. Here, it was explained how the testdmihdoor, and outdoor.
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