
 
 

Site Survey for WLAN up Gradation at 
Halmstad University 

 
Bachelor’s Thesis of Science in Computer Communication 

              

  
Azeem Yousuf  
Faisal Mahmood          
 

 



Site Survey for WLAN up Gradation at Halmstad University 

 

  
Page 2 

 

  

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

School of Information Science, Computer and Electrical Engineering 
Halmstad University 

Box 823, S-301 18 Halmstad, Sweden 
 

February 2011 
 
 
 
 



Site Survey for WLAN up Gradation at Halmstad University 

 

  
Page 3 

 

  

 
 
 
 
 
 
                                   Preface 
 
This report is our thesis in Bachelor of Science in Computer Communication 
at Halmstad University. The report states the results and conclusions of site 
survey of WLAN at Halmstad University. This report gives suggestions 
about up grading of WLAN infrastructure at Halmstad University. 
 
This project gave us clear idea and exposure of how to implement the 
knowledge studied at university into real life practical scenarios.  
 
We would like to thank 
Lasse Hagestam, IT-Chief at Halmstad University 
Lennart Neiker, Network Engineer at Halmstad University 
Urban Bilstrup, Thesis Supervisor at Halmstad University 
Nicolina Manson, Thesis Examiner at Halmstad University 
 
All of them helped us a lot for our thesis work. We learned a lot from them. 
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Abstract 
 
 
 
 
The university intends to upgrade the wireless network from IEEE 802.11 g 
to IEEE 802.11 n standard. The main task of thesis is to investigate the 
required number of access point for the update to IEEE 802.11 n. This thesis 
contains a survey of the campus site and provides suggestions for locations 
and number of access points required to provide good coverage and service 
quality. 
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1. Introduction 
 
WLAN transforms wired networks into wireless networks. The 
communication between different nodes (e.g. computer) is done via Access 
points (APs). An access point plays the role of wireless Ethernet adapter. 
       
  Wireless LAN (WLAN) technology has been available for a long time, but 
it is during the recent few years that wireless LAN (WLAN) has become 
popular. WLAN has gained quick popularity due to its simplicity of 
installation and the increased number of WLAN equipped laptops. 
Nowadays many public businesses are offering wireless internet service as 
secondary service to facilitate their customers. These sites manly include 
international airports, cafes, restaurants and shopping malls. With the 
passage of time wireless networks are also being used for large distance 
communication networks. One example of large wireless networks is the 
pilot project carried out in New York City to cover all 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 quality of Halmstad university 
wireless internet service. Some areas did not provide wireless access and in 
some areas the wireless service is not of adequate quality.  

It was concluded that it was a necessity to upgrade the existing system to a 
new more advanced technology to meet the demand of new applications and 
provide better user experience i.e. quality of experience (QoE). 

Thousands of new students arrive every year at the university and it gets 
difficult to provide wireless internet service to everyone because of 
increased load on the network. It has been seen that the internet connectivity 
requirement of students have changed over time. Today students desire to sit 
in a silent place along with their laptop wherever they feel comfortable for 
study. So the university urges to provide an infrastructure where students can 
get access to network facilities within the boundaries of the university.  

However, some parts of the university had problems with wireless coverage 
(low signal strength) as a result of increase in number of user or congestion 
beyond the capability of the access point. This thesis provides a site survey 
of the present WLAN network at Halmstad University. With the main goal to 



Site Survey for WLAN up Gradation at Halmstad University 

 

  Page 

10 

 

  

provide enhancement plan of the accessibility of the wireless network at the 
Halmstad University. 
 

2. Background  
          
2.1 Wireless access offers advantages 
 

• Installation speed and simplicity – Installing a wireless system can be 
done faster, easy and can eliminate the need to pull cable through the 
walls and the ceilings.  

 
• Reach of the network – The network can be extended to places which 

cannot be wired. 
 

• More Flexibility – Wireless networks offer more flexibility and 
adaptation, and it is easy to change the configuration of the network.  

 
• Reduced cost – The initial investment which required for wireless 

network can be higher than the cost of wired network hardware; 
however the overall installation expenses and life-cycle costs can be 
significantly lower in a dynamic environment as a university.  

 
• Convergence – It provides convergence of services over a single 

connection that can handle all data (voice, video and data) over the 
one network. The move to wireless system is a good first step towards 
convergence infrastructure, and it allows for a merged IT 
infrastructure by running voice, video and data network on the same 
infrastructure. 

 
 
 
2.2 How does wireless LAN work: 
                                   
The wireless connection is provided by that a computer is associated to a so 
called Access Point in its neighborhood i.e. in radio range. Access point 
utilizes radio waves, microwaves and infrared waves to send and receive 
data from connected devices e.g. wireless LAN enabled computers. These 
access points are connected to an internet server or existing wired network. 
In the fig 2.1, user nodes represent computers with WLAN enabled network 
adapter; the access point transmits and receives data from these nodes. 
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Fig 2.1, Example of WLAN scenario 
 
 
 

2.2.1 IEEE 802.11g 

The IEEE 802.11 g is the standard offering higher data rates, extended 
range, back ward compatibility to IEEE 802.11b standard and forward 
compatibility to IEEE 802.11a standard. 
The modulation scheme that is used in 802.11g is orthogonal frequency-
division multiplexing (OFDM) directly copied from 802.11a with data rates 
of 6, 9, 12, 18, 24, 36, 48, and 54 Mbps and reverts to CCK  for 5.5 and 11 
Mbit/s and DBPSK/DQPSK+DSSS for 1 and 2 Mbit/s. Even though 802.11g 
operates in the same frequency band as 802.11b, it can achieve higher data 
rates because of its heritage from the 802.11a standard. 
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2.2.2 IEEE 802.11n 

IEEE 802.11n is enhanced and upgraded version of the previous standards to 
improve network throughput. It provide a significant increase in 
transmission rate, the maximum data rate is increased from 54 Mbps to 600 
Mbps by adding MIMO (multiple input multiple output) and 40 MHZ 
channels to the PHY (physical layer), and frame aggregation to the MAC 
layer. 

IEEE 802.11n is an amendment to IEEE 802.11-2007 as amended by IEEE 
802.11k-2008, IEEE 802.11r-2008, IEEE 802.11y-2008, and IEEE 802.11w-
2009.  
 

 
 
Fig 2.2, Latency vs. Distance test for IEEE 802.11 ‘n’ & ‘g’ 
 
 
 

MIMO (multiple-input and multiple-output,) is a technology which uses 
multiple antennas to coherently resolve more information than possible 
using a single antenna.  
 
MIMO SDM can significantly increase the data rate as the number of 
resolved spatial data streams is increased. Each spatial stream requires a 
discrete antenna at both the transmitter and the receiver. MIMO (multiple-
input and multiple-output) technology requires a separate radio frequency 
chain and analog-to-digital converter for each MIMO antenna which 
translates to higher implementation costs compared to non-MIMO systems. 
Channels operating at 40 MHz are another feature integrated into 802.11n 



Site Survey for WLAN up Gradation at Halmstad University 

 

  Page 

13 

 

  

which doubles the channel bandwidth from 20 MHz in previous 802.11 
PHYs to transmit data to 40MHz. This allows for a doubling of the PHY 
data rate over a single channel. It can be enabled in the 5 GHz mode if there 
is knowledge that it will not interfere with any other 802.11 or non-802.11 
system using these same frequencies. MIMO architecture with wide 
bandwidth channels offers increased physical transfer rate over 802.11a 
(5 GHz) and 802.11g (2.4 GHz) 
 

2.3 Why IEEE 802.11n  
 
Halmstad University was using 802.11g Wireless technology which operates 
at a maximum data rate of 54Mbps with bandwidth of 20 MHz (delivering 
roughly half application throughput due to overhead). 
 
The new IEEE 802.11n standard operates at a maximum data rate of 300 
Mbps with bandwidth up to 40MHz. 802.11n enabled devices can operate on 
2.4 GHz and 5 GHz frequency band. This standard is backward compatible 
to 802.11g and previous standards. This means that 802.11g enabled devices 
can connect through 802.11n access points. But they can get benefit of extra 
bandwidth offered by 802.11n standard. 
 
We advised IT department of Halmstad University to upgrade their existing 
system with new 802.11n devices. Because with 802.11n access points more 
devices (even not 802.11n compatible devices) can connect to one access 
point. If instead now university increase the number of 802.11g access point, 
this might solve the problem for time being but university might have to 
spend extra money to upgrade to new standard in future. So, it’s better to 
upgrade to upgrade now as it will solve the problem for long run. 
 

2.4 The History and the alphabet soap of the IEEE 
802.11 
 
Institute of Electric and Electronics Engineers (IEEE) 802.11 is a set of 
standards for wireless local area network (WLAN) in the frequency ranges 
2.4 GHz and 5 GHz. They are developed and maintained by the IEEE LAN 
Standards Committee (IEEE 802) and the current version is 802.11n of IEEE 
802.11 standards which was introduced in the year 2009. 
 
From the beginning three physical layer specifications were provided by 
these standards: infrared, 1-2 Mbps frequency hopping spread spectrum 
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(FHSS) and 1 - 2 Mbps direct sequence spread spectrum (DSSS) in the 2.4 
GHz ISM band. The 802.11 standard was later developed along two paths. 
 
The 802.11b specification increased data rates beyond the 10 Mbps mark, 
maintained compatibility with the original 802.11 DSSS standard and 
incorporated a more efficient coding scheme known as complimentary code 
keying (CCK) to attain a top-end data rate of 11 Mbps. After that success a 
second coding scheme, Packet Binary Convolution Code (PBCC), was 
included as an option for higher performance in the form of range at the 5.5 
and 11 Mbps rates, as it provided for a 3 decibel (dB) coding gain. The 
second development path of 802.11 was nominated as 802.11a. It ventured 
into a different frequency band, the 5.2 GHz band, and was specified to 
achieve data rates up to 54 Mbps. Unlike 802.11b, which is a single carrier 
wireless network, 802.11a utilized a multi-carrier modulation technique 
which known as orthogonal frequency division multiplexing (OFDM). By 
utilizing the 5.2 GHz radio spectrum, 802.11a is not interoperable with 
either 802.11b, or the initial 802.11 WLAN standard. In March 2000, the 
IEEE 802.11 Working Group produced a study group to investigate the 
feasibility of establishing an extension to the 802.11b standard for data rates 
greater than 20 Mbps. In July 2000, this study group became a full task 
group, Task Group G (TGg), with a mission to define the next standard for 
higher rates in the 2.4 GHz band. 

 The result was the IEEE 802.11g  standard for wireless local area networks 
(WLANs), it offers transmission rates up to 54 Mbps in the 2.4 gigahertz 
(GHz) band over short distance.                                 
 

2.5 Comparison 802.11n and 802.11g  
 
The figure below shows the range and data rate comparison for both 
standards. In the upper half of the figure, blue color represents the range of 
IEEE 802.11n standard whereas orange color represents range of IEEE 
802.11g standard. In the lower half of figure the data rates of both standards 
are compared. 
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Fig 2.3, Comparison of IEEE 802.11 standards 
 
A major drawback of this standard is suffering from interference problems 
from devices like microwave ovens, cordless phones and Bluetooth devices. 
 
Actual achieved speeds range from 130 to 160 Mbps. The doubling of 
bandwidth from 20 MHz to 40 MHz greatly increases the speed of data 
transfer.  

It has a MIMO (Multiple Input Multiple Output) architecture which is 
actually a smart antenna technology that significantly improves the data 
transfer rate. It allows 4 IO streams. It means that 4 packets can be sent, 
received or combination of both simultaneously. Devices 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 areas where the university (IT 
department) got problems or had received complaints about WLAN signal. 
We recorded the signal strengths at different locations especially in the 
critical regions. For this purpose we used a signal meter to check the signal 
strength to verify the situation. 
 
3.2 Interviews 
 
To get the feedback from users and concerned authorities, we conducted 
interviews with the technical staff working there and with head of the 
departments to discuss the problems. These interviews pointed out the 
problem areas and also pointed out the difficulties faced by users. 
 
Wireless local area network (WLAN) users are satisfied about the quality 
and speed of network in most of departments of the Halmstad University. 
There are some complains for some departments where there are lot of 
WLAN users. The wireless internet service is declared to be satisfied in 
departments A, B, C, E, F, H, J, N, P, Q, S and T by majority of the users 
interviewed. But lot of users complained for the poor service in department 
D, M and O. They mainly complained about the speed and connectivity of 
WLAN. A described the situation in department M. He said “Wireless local 
area network (WLAN) in not so good in M department. Connection is lost 
frequently so one has to reconnect again and again. The download speed is 
not good also. The infrastructure should be improved to provide good 
service”. Some other users complained same kind of problems for 
department D and O. 
 

3.3 Tools 
       
To check the signal strength and the wireless coverage of Cisco Aironet 
1000 Series access points in all the university WLAN sites we used a 
specially design software “WirelessMon Professional”, which was 
recommended by the IT department of the university. 
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Figure 3.1, User Interface of Wireless Mon

 

3.3.1 Wireless Môn

Wireless Môn is a specially design software tool that allows users to monitor 
the status of wireless Wi
wireless access points and hot spots around the around it in real time. 
WirelessMon can log the information collected into a file and provides you 
comprehensive graphing of signal strength and real time IP and 802.11 Wi
Fi statistics.
 

3.3.1.1 Utilities, 

. To verify 802.11 network configuration is correct. 

. To test Wi-Fi drivers and de

. To check signal level of local and nearby networks Wi

. To locate source of interference in

. To scan hot spots in local area

. To verify correctly locate your wirel

. To verify the security settings for local access points. 
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Figure 3.1, User Interface of Wireless Mon 

Wireless Môn 

is a specially design software tool that allows users to monitor 
the status of wireless Wi-Fi adapter and gather information about nearby 
wireless access points and hot spots around the around it in real time. 

can log the information collected into a file and provides you 
comprehensive graphing of signal strength and real time IP and 802.11 Wi
Fi statistics.

. To verify 802.11 network configuration is correct.  
Fi drivers and device hardware are functioning correctly.

. To check signal level of local and nearby networks Wi-Fi networks.
of interference in network.  

local area network (war driving). 
. To verify correctly locate your wireless antenna 
. To verify the security settings for local access points.  

 

is a specially design software tool that allows users to monitor 
Fi adapter and gather information about nearby 

wireless access points and hot spots around the around it in real time. 
can log the information collected into a file and provides you 

comprehensive graphing of signal strength and real time IP and 802.11 Wi-
Fi statistics. 

vice hardware are functioning correctly.  
Fi networks.  
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. To measure network speed and throughput and view available 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 coverage for download and upload 
data we used specially designed software called “Bandwidth Place”. 
 
 

 

 
Figure 3.2, User interface of Bandwidth Place 
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Bandwidth Place is used for Internet speed test, it examines the broadband 
connection speed for the purpose of validating true Internet speeds of 
connected Access point across the globe.  
 
Bandwidth Place is delivering intelligent information regarding the current 
download and upload speed.  
 
Bandwidth is simplifying small business voice and data communications, 
and covers the full range of information for small business communications 
requirements. 
 
 Bandwidth Place is a very powerful tool for learning about residential 
internet solutions at home or small institute and Check the availability of 
different providers in your area, and compare multiple broadband options, 
including high-speed internet and television. 
 
 
3.3.3 Speed test results for Halmstad University network 
 

 

 
Figure 3.3, Speed test result for Halmstad University internet   
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3.4 Equipment  
 
3.4.1 Cisco Aironet 1000 Series Access Points 
     
 
 

                                                                
Figure 3.4, Cisco Aironet 1000  
 
 
The currently used access point in the university is the Cisco Aironet 1000 
Series Access Points, provide by industry leading RF(Radio frequency) 
capabilities with a wide range of deployment options for maximum wireless 
local area networks performance, security, reliability, and easy to configure 
it. This makes the Cisco wireless LANs (local area networks) solution 
ideally suited for any enterprise environment 
 
 
The Cisco Aironet 1000 Series access points are specifically designed for 
operation with Cisco Wireless LAN Controllers and the Wireless Control 
System management. They provide dual band support for 802.11a, 802.11b 
and 802.11g, simultaneous air monitoring for dynamic, real time RF (Radio 
frequency) management. Further more Cisco Aironet 1000 Series Access 
Points handle time sensitive functions, such as Layer 2 encryption, that 
enable Cisco wireless LANs to securely support voice, video, and data 
applications. 
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Enterprise wide RF (Radio frequency) Intelligence is provided by Cisco 
Aironet 1000 Series Access Points combine simultaneous data forwarding and air 
monitoring functions eliminating the need for additional dedicated monitoring nodes and 
thereby reducing the cost of operating wireless networks. This simplifies network design 
and deployment and maximizes RF (Radio frequency) security by extending real-time 
monitoring to every corner of a wireless infrastructure 
 
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, 48, and 54 Mbps 

 

Frequency Band and Operating Channels 
  802.11a: 5.15 to 5.25 GHz, 5.25 to 5.35 GHz, 5.47 to 5.725, 5.725 to 5.825 GHz 
  802.11b: 2.412 to 2.497 GHz 
  802.11g: 2.412 to 2.497 GHz 

 

Non overlapping Channels 
  802.11a: Up to 12 
  802.11b/g: Up to 3 
  Dependent upon country-specific regulatory approvals 

 

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 (WPA) and 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 conducted a survey at all 
departments of the university. This survey was to correctly identify the 
problems and it helped in suggesting solutions for the faced problems. 
 
Survey results and suggested solutions for departments of Halmstad 
University are as follows. 
 
A1 (House ‘A’, floor 1) 
 
AP (Access point) is located at the corner at this floor; if we place the AP of 
‘n’ standard in the center then whole floor will be served with full signal 
strength. 
 
 
A2 (House ‘A’, floor 2) 
 
It does not have an AP (access point). The user in this area gets connected 
through the access point at A1. There is no need of access point at this floor 
because of fewer users in this area. 
 
 
B1 (House ‘B’, floor 1) 
 
There is one access point at this department. It is working fine enough to 
provide good connectivity to users at this block. 
 
B2 (House ‘B’, floor 2) 
 
There is one access point at this department. It is enough to provide good 
connectivity to users at this block. 
 
 
C1 (House ‘C’, floor 1) 
 
There is one access point at this department. It is working 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. The users get connected to the 
network via access point located in department D2. Due to fewer numbers of 
users, there is no need of access point in this department. 
 
D2 (House ‘D’, floor 2) 
 
Two AP’s (access points) are serving the area. When the load increases then 
some users get connected to AP (access point) in floor D3. 
 
D3 (House ‘D’, floor 3) 
 
Two AP’s (access points) are serving the area with 90% connectivity. 
 
D4 (House ‘D’, floor 4) 
 
One AP is located at this department. If we place the 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 AP (access point) should be 
installed because of large number of students. N standard 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 providing satisfactory service. 
 
 
E3 (House ‘E’, floor 3) 
 
One AP is located and it is providing satisfactory result. Faculty rooms are 
located on this floor. Most of the faculty members use desktop computers 
connected to wire network. Thus, decreasing load from wireless network. 
 
E4 (House ‘E’, floor 4) 
 
One AP is located and it’s providing satisfactory result. 
 
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 service. 
 
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 center of this area, then it will 
provide full satisfactory coverage. 
 
F4 (House ‘F’, floor 4) 
 
No AP found but getting services from F3 AP, we recommend that we 
should place AP on this area because of more project rooms; 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 we place this AP in the 
center then it will provide excellent coverage. 
 
H3 (House ‘H’, floor 3) 
 
One AP found and providing full satisfactory service. 
 
H5 (House ‘H’, floor 4) 
 
One AP located but it is placed at the corner on the table, if we place this AP 
in the center of this floor then it will provide satisfactory 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 description of above locations say 
that 30-40 users come online in M1, 20-30 people are online in M2 and 
about 35-50 users are online in M3 in day time, Thus it is desired that 1 
access point will be required at each location for proper functioning. 
 
 
N1 (House ‘N’, floor 1) 
 
All over coverage is good 3 AP providing good coverage  
 
N2 (House ‘N’, floor 2) 
 
The AP of N2 is not working well and the signals come from n1 
N3 (House ‘N’, floor 3) 
 
All over coverage is good 
 
O2 (House ‘O’, floor 2) 
 
No coverage in room 237-246. The student prefer to use that place because 
there are small cubical and is better place for studying but due signal 
problem, it is highly recommend that we install some new access point in 
this area. 
 
O3 (House ‘O’, floor 3) 
 
Room 3316 – The signal strength in this area is too low, 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 need one N standard 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 strength is good 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 strength mainly due to the access 
point from Q1. It is recommended that we install new access point here. 
 
Q3 (House ‘Q’, floor 3) 
 
A lot of students are using this block but they are suffered a lot due to signal 
strength. They can catch conditional signal mainly due to the signal caught 
from Q1 AP. It is really and strongly desirable to have an access point in this 
block, so that everyone can connect and use network smoothly. 
 
Q4 (House ‘Q’, floor 4) 
 
Some time we have signals and sometimes not but because this area is 
composed of offices mainly and they use wired network attached to the 
desktop PC, thus installing an access point in this block is optional. 
 
Q5 (House ‘Q’, floor 5) 
 
There is on AP on the top of conference room and because of that Q5 has 
now good coverage. Thus I guess there is no need to have an extra AP here. 
 
R1 (House ‘R’, floor 1) 



Site Survey for WLAN up Gradation at Halmstad University 

 

  Page 

27 

 

  

 
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 well. Most of the area has good 
coverage but some are experiencing problems but it is OK because main area 
has no problem. 
 
 
 
4.2 Results and signal strength analysis 
 
By using different soft ware like WirelessMon and Bandwidth Placer, we 
conducted different operations on the wireless network at HALMSTAD 
UNIVERSITY and the results are shown in the figures below.              
The results below represents wireless coverage, signal strength and 
download and upload speed at a particular department of Halmstad 
University.  
 
Below are the analysis results for different departments at Halmstad 
University. 
 
Department ‘A’ 
 
In department A there are small numbers of wireless internet users. There 
are few offices and couple of laboratories for students. The access point is 
installed in a corner of A1 (department ‘A’, floor 1) which serves both A1 & 
A2 floors. The average wireless signal strength in department A1 is -66.33 
dBm. The average wireless signal strength in department A2 is -74.33 dBm. 
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The figures below show the signal strength at various locations at the above 
said department.  
 
                           

              
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 wireless internet users. There are 
few administrative offices, study hall for students and laboratory for 
students. The access point is installed in study hall at department B1 
(department ‘B’, floor 1) and in department B2 access point is installed in 
the centre of the department. The average wireless signal strength in 
department B1 is -58.33 dBm. The average wireless signal strength in 
department B2 is -36.5 dBm. 
The figures below show the signal strength at various locations at the above 
said department.  
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Figure 4.3, Results for department ‘B’ floor ‘1’ 
 

  
Figure 4.4, Results for department ‘B’ floor ‘2’ 
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Department C 
 
In department C there is small number of wireless internet users. There are 
mostly offices and few project laboratories. The access point is installed in 
the centre of this department. The average wireless signal strength in 
department C1 is -50.0 dBm.  
The figures below show the signal strength at various locations at the above 
said department.  
 

 
Figure 4.5, Results for department ‘C’ floor ‘1’ 
 
 
Department D 
 
In department D there are a lot of wireless users. There is a class room and a 
laboratory almost on every floor of this department. There are also dedicated 
study areas on every floor except floor 1. There is no access point on floor 
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D1 because of almost no wireless internet user, this floor is served by the 
access point located on floor D2. There are two access points on the floors 
D2 and D3.One access point is located on each floor, D4 and D5. The 
average signal strength on floors D1, D2, D3, D4 and D5 is -66.5 dBm, -
57.75 dBm, -55.85 dBm, -55.71 dBm and -53.85 dBm respectively. 
The figures below show the signal strength at the above said department. 
 
 

   
                     Figure 4.6, Results for department ‘D’ floor ‘1&2’ 
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Figure 4.7, Results for department ‘D’ floor ‘3’ 

      
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. There are offices of faculty 
members and doctorate students. The IT department of Halmstad University 
is located on floor E1. So, it was out of bound for analysis. There is one 
access point on each floor E2, E3, E4 and E5. The average signal strength on 
floors E2, E3, E4 and E5 is -59 dBm, -49.33 dBm, -37 dBm, and -53.75 
dBm respectively. 
The figures below show the signal strength at the above said department. 
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 Figure 4.10, Results for department ‘E’ floor ‘2’ 
 

                     
Figure 4.11, Results for department ‘E’ floor ‘3’ 
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  Figure 4.12, Results for department ‘E’ floor ‘4’ 
 
 

 
Figure 4.13, Results for department ‘E’ floor ‘5’ 
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Department F  
 
In department F there is small number of wireless internet users. There are 
faculty offices, student health centre and couple of class rooms. There are 
access points only on floor F1 and F3. The signal strength in floors F1, F2, 
F3, F4 and F5 is -71 dBm, -68.33 dBm, -66.5 dBm, -77.66 dBm and -78 
dBm. 
The figures below show the signal strength in the above said department. 
 
 

     
Figure 4.14, Results for department ‘F’ floor ‘1&2’ 
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Figure 4.15, Results for department ‘F’ floor ‘3’ 

     
Figure 4.16, Results for department ‘F’ floor ‘4’ 



Site Survey for WLAN up Gradation at Halmstad University 

 

  Page 

39 

 

  

 

   
Figure 4.17, Results for department ‘F’ floor ‘5’ 
 
Department H 
 
In department H there are administrative offices so there are less wireless 
internet users. There are access points on floors H2, H3, H5, H6 and H21. 
The signal strengths at floors H2, H3, H5, H6, H7 and H21 are -57.2 dBm, -
63.85 dBm, -51.77 dBm, -68.5 dBm, -66.75 dBm and -49 dBm. 
The figures below show the signal strength in above said department. 
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Figure 4.18, Results for department ‘H’ floor ‘2&3’ 
 

                         
Figure 4.19, Results for department ‘H’ floor ‘5’ 



Site Survey for WLAN up Gradation at Halmstad University 

 

  Page 

41 

 

  

   
Figure 4.20, Results for department ‘H’ floor ‘6&7’ 
 

                     
Figure 4.21, Results for department ‘H’ floor ‘21’ 
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Department J 
 
In department J there are only class rooms and seminar halls. So, there are 
very less wireless internet users. There is one access point on each floor J1 
and J2. The average signal strength at floor J1 and J2 is -45.5 dBm and -
42.66 dBm respectively. 
The figures below show the signal strength at the above said department. 
 
 

  
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 are quite lot users of wireless 
internet. There is one access point on each floor of the library (M1, M2 and 
M3). The average signal strength at the floors M1, M2 and M3 is -54.57 
dBm, -68.5 dBm and -49.2 dBm respectively. 
The figures below show the signal strength at the above 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 wireless internet. There are three 
access points in floor N1, one access point in N2 and two access points in 
N3.The average signal strength in floor N1, N2 and N3 is –65 dBm, -59 
dBm and -68.57 dBm. 
The figures below show the signal strengths of above said department. 
 

  
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 wireless internet. In this department 
there are class rooms, laboratories and study rooms. There is one access 
point on each floor (O1, O2 and O3). The average signal strength on floors 
O1, O2 and O3 is -53 dBm, -64.5 dBm and -57.11 dBm. 
The figures below show the signal strength at different locations of above 
said department. 
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Figure 4.28, Results for department ‘O’ floor ‘1 & 2’ 
 

                    
Figure 4.29, Results for department ‘O’ floor ‘3’ 
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Department P 
 
In department P there are class rooms and laboratories for students. So, there 
are quite lot users of wireless internet. There is one access point on floor P2, 
P3 and P5. 
The average signal strength on floors P1, P2, P3, P4 and 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 at different points of above said 
department. 
 

  
Figure 4.30, Results for department ‘P’ floor ‘1& 2’ 
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Figure 4.31, Results for department ‘P’ floor ‘3’ 
 

 
  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, class rooms, administrative offices 
and gym and sports complex. So, there are quite lot users of wireless 
internet. There is one access point on floor Q1 and one access point on floor 
Q5. The average signal strength on floors Q2, Q3, Q4 and Q5 is -72.25 dBm, 
-62.5 dBm, -72.5 dBm and -68.875 dBm respectively. 
The figures below show the signal strength at different locations of above 
said department. 
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Figure 4.34, Results for department ‘Q’ floor ‘1&2 ’ 
 

               
Figure 4.35, Results for department ‘Q’ floor ‘3’ 
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Figure 4.36, Results for department ‘Q’ floor ‘4’ 
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Figure 4.37, Results for department ‘Q’ floor ‘5’ 
 
Department R  
 
In department R there are lot of class rooms, laboratories, seminar rooms, 
study rooms and group meeting rooms. So, the number of wireless user in 
this department is quiet high. There is one access point at floor R2 and two 
access points on floor R4. The average signal strength at floors R1, R2, R3, 
R4 and R5 is -72.6 dBm, -60.8 dBm, -57.5 dBm, -59.63 dBm and -69 dBm. 
The figures below show the signal strength at different locations of above 
said department. 
 
 

 
Figure 4.38, Results for department ‘R’ floor ‘1&2’ 
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Figure 4.39, Results for department ‘R’ floor ‘3&4’ 
 

             
Figure 4.40, Results for department ‘R’ floor ‘5’ 
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Department S 
 
The university is offering wireless internet service only in floor S3. Because 
on the rest of the floors there are class rooms and open halls. The amount of 
wireless internet users in S block is quite good. There is one access point on 
floor S3. The average signal strength on floor S3 is -59.375 dBm. 
The figures below show the signal strength at different locations of above 
said department. 
 

  
Figure 4.41, Results for department ‘S’ floor ‘1&2’ 
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Figure 4.42, Results for department ‘S’ floor ‘3’ 
 
 
Department T  
 
There are quite lot of users in this department. In this department there are 
laboratories, class rooms and examination halls. There are two access points 
on each floor T1 and T2. The average signal strength at floors T1 and T2 is -
48.66 dBm and -52.15 dBm respectively. 
The figures below show the signal strength at different locations of above 
said department. 
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 Figure 4.43, Results for department ‘T’ floor ‘1’ 
 

 
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 this report, IT department at 
Halmstad University replaced the existing 802.11g access points with new 
802.11n access points. At some departments the number of access points 
was also increased as compared to previous number of access points. The 
table below shows the number of access points in each department.  
 
No. Department Floor Previous 

number of 
access 
points 

Type Current 
number  
of 
access 
points 

Type 
N: 802.11 n 
G: 802.11g 

N: 802.11 n 
G: 802.11g 

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 department, a comparison 
 
The IT department at Halmstad university modified the system in 
accordance to the recommendations made earlier in this report. To improve 
the service they increased the number of access points at departments C1, 
D1, D4, D5, E1, H6, H7, M1, M2, M3, O1, O2,O3, P1, P2, P3, P4, P5, Q1, 
Q4, Q5, R2, R4, T1 and T2. At these departments they not only increased 
the number of access points but also replaced the existing ones with 802.11n 
access points. At the departments D1, E1, H7, P1, P4 and Q4 previously 
there was no access point installed but now new 802.11n series access points 
are installed. 
 
To explain the effect of these modifications we are going to discuss the 
results of the department M. This department is the university library. There 
are always quite a lot number of wireless internet users. Previously the most 
complaints received about wireless internet service were from this 
department. By the modification and installation of new 802.11n series 
access points the service has improved. Previously the average signal 
strength at department M floors M1, M2 and M3 was -54.57 dBm, -68.5 
dBm and -49.2 dBm respectively. Now after the modification the average 
signal strength at floors M1, M2 and M3 is -51.27 dBm, -60.3 dBm and -
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46.14 dBm respectively. The download and upload speeds were increased as 
well. The signal strength, upload and download speeds at various points of 
above said department are shown in the figures below. 
 

 
Figure 4.45, Results after modification for department ‘M’ floor ‘1’ 
 



Site Survey for WLAN up Gradation at Halmstad University 

 

  Page 

61 

 

  

 
Figure 4.46, Results after modification for department ‘M’ floor ‘2’ 
 

 
Figure 4.45, Results after modification for department ‘M’ floor ‘3’ 



Site Survey for WLAN up Gradation at Halmstad University 

 

  Page 

62 

 

  

5 Conclusions 
  
To conclude the thesis work here are some suggestions to improve the 
wireless internet QoS (quality of service) at Halmstad University.  
There are some departments where no problem was discovered. These 
departments include department ‘A’, department ‘B’, department ‘C’, 
department ‘E’, department ‘H’, department ‘J’, department ‘R’ and 
department ‘T’. The service can be enhanced by changing the existing access 
points by n-series access points. In the above mentioned departments 
although there was no problem but still coverage can be enhanced by 
changing the location of access point. The access points on floors A1, H2 
and H5 should be moved from corners to centre of the floor. In this way the 
signal strength will be good on whole floor. 
The department ‘D’ has some problems regarding wireless internet service. 
These problems were identified during the signal strength analysis. These 
problems are also discussed in results section. On the floor ‘D2’ the existing 
two access points should be replaced by three n-series access points to 
enhance the coverage and also to be able to accommodate more users. On 
the floor D5 one more access point should be added so that more students 
can get internet access. These two floors are the most crowded floors in 
department ‘D’. 
Some problems were discovered in the department ‘F’. On the floor F3 the 
existing access point should be relocated to centre and replaced by n-series 
access point. One access point should be installed on floor F4 as currently 
there is no access point.  
Internet connectivity is a major problem in department ‘M’. As this 
department is the university library so every time approximately 40-50 
wireless internet users are present on each floor. Currently installed access 
points (one on each floor) are not enough to provide good connectivity. 
More access points should be added on each floor to accommodate so many 
users. 
In the department ‘N’ floor N2 there is one access point. But installed access 
point is not working properly. So, a new n-series access point should be 
installed. Currently users in floor N2 are getting service through access 
points located on floor N1 and N3, thus, affecting their performance as well. 
Internet connectivity is a big problem in department ‘O’. There are some 
study rooms with no internet access on floor O2 and on floor O3. So, new 
access points should be added to solve the problem. 
In department ‘P’ there is no access point on floor P1. So, a new n-series 
access point should be installed. 
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Internet connectivity is a major problem in department ‘Q’ on floors Q2 and 
Q3. The users on these floors are using internet via access point on floor Q1. 
New n-series access points should be installed on floors Q2 and Q3. This 
new addition will also enhance signals on floor Q4. 
In department ‘S’ floor S3 there is one access point. Some of the seminar 
rooms on this floor have no internet connectivity. So a new n-series access 
point should be added in addition to the existing access point.  
By implementing these suggestions the wireless internet service at Halmstad 
University will be enhanced and the problems regarding internet 
connectivity will resolved. Also good quality of service will be provided to 
users. 
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Summary 
           
 
 This paper dealt with performance measurements for 802.11g Wireless 
Networks. In the beginning an introduction about wireless system is given, 
including the brief history of the wireless, implementation, drawbacks and 
the advantages as well as the medium access of a Wireless LAN. 
Afterwards, a focus on Wireless standard 802.11 is set. The usage of 
different modified standard 802.11g and 802.11n is described in detail. 
Furthermore, a short discussion about the advantages and disadvantages of 
two different standards along with little comparison was given. For each of 
the two standard try figure out their work was presented. 
The following chapter introduced the testing environment, which gave a 
detailed description of our work, the locations of the Access point, and the 
software for measuring signal strength and latency. 
The actual test sequence was defined with full detail in chapter also showing 
the results of our work. 
In the same chapter the results of the reference measurements testing of the 
whole department, and a wireless coverage’s are given. They clearly stated 
that the wireless signal coverage (signal strength, download and uploads). 
 
Afterwards, an introduction to the test series for the actual WMHN tests 
followed. Here, it was explained how the tests in the indoor, and outdoor. 
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