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ABSTRACT 

The last couple of years have witnessed tremendous growth in wireless communications. The quest 

for mobility of devices while maintaining seamless connectivity with a network has been a major 

driving force in the wireless technology industry. This has led to the introduction of various 

wireless standards such as WiMax, 3G/4G, MAN, Bluetooth and Wi-Fi to name a few. With Wi-Fi 

rising in popularity due to its increasing preference as last mile technology, we often witness the 

short comings first hand. These short comings many times are in the form of signal strengths as  

Wi-Fi operates in the unlicensed spectrum which is largely over-crowed by many devices and are 

major sources of interference. 

 

This thesis provides an overview of the received signal strength indicator (RSSI) of Wi-Fi signals 

and then employs it as a basis for comparing the behaviour of signals at peak and off-peak periods. 

The peak and off-peak periods have been defined by the number of people in the areas considered. 

inSSIDer software was used in signal logging and MATLAB was extensively used for both 

programming and analysis. All of these were done with the aim of establishing a pattern for Wi-Fi 

RSSI behaviour at peak and off-periods. Relevant techniques used in data analysis for signals were 

discussed in details stating why each was used. 

 

The results confirm that RSSI behaves differently under different physical conditions. Peaks signals 

were observed to be about 5dBm poorer than their off-peak measurements. It was also discovered 

that it is possible to relate attributes of the signal plot to the conditions of the physical environment. 

This thesis also provides recommendations on how the results produced may be used to improve 

existing structures and systems.
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CHAPTER 1 

1.0 INTRODUCTION 

In the emerging technology industry, wireless technology is top priority. The quest for mobility of 

devices and reduction of cost has led to a dramatic increase in demand for wireless devices such as 

smart-phones, notebooks, tablets etcetera. In the developed countries as well as the developing 

countries, people have embraced the wireless technology as a way to make life easier and as such it 

has become part and parcel of day to day life. The number of Wi-Fi certified devices according to a 

survey in 2010 has increased by ten times the figure of 2007. Such that the technology once thought 

of as luxury is now a necessity. (Cox, 2011) 

 

Numerous wireless technologies now exist as a result of this hunger such that they have been 

classified by their usage. Few of them are: 

 

 LTE (3G/4G) 

 WIMAX (IEEE 802.16) 

 WI-FI (IEEE 802.11) 

 Bluetooth 

 Infrared 

 

The history of wireless communication dates as far back as the stone ages when smoke signals were 

used by man as a mean of sending messages but a popular breakthrough by Marconi (1899) put the 

possibility of wireless transmission at its peak. These simple demonstrations of electromagnetic 

propagation over air where signals were not sent through electrical conductors set the basis for 

wireless technology. (Raychaudhuri and Mandayam, 2012) 

 

1.1 AIM OF THE PROJECT  

The aim of this project is to learn about the behaviour of received signal strength indicator (RSSI) 

from various access points with respect to the immediate surroundings. The project will deliver a 
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hypothesis as to how the immediate environment influences the RSSI value of Wi-Fi. 

1.2 OBJECTIVE 

The objectives of this research project include: 

 To provide an overview of wireless technology especially Wi-Fi 

 To explain in detail what the received signal strength indicator (RSSI) means and establish 

factors responsible for its variations 

 To make use of InSSIDer2 for signal logging 

 To undertake analysis of RSSI and attribute variations to the physical environment 

 To draw conclusions as to how findings may be utilised in real life scenarios. 

 

1.3 MOTIVATION 

This project is motivated by the performance of wireless networks in the IEEE 802.11 series 

standard and its usage for different purposes in various sectors. Wi-Fi, apart from wireless network 

connectivity usage is being employed as tools for various purposes. This is possible by exploiting 

different properties of the Wi-Fi signal. As much as it has advantages to be utilised in various 

industries, a particular downside has been claims that the RSSI does not always indicate the link 

performance. By monitoring and establishing the patterns and behaviour of signals in different 

situations, RSSI can be put to better use other than prediction of link quality. 

 

According to Bangula, et al. (2010), experiments carried out also outline the importance of RSSI as 

a very important parameter in collocation of Wi-Fi networks. This means that adjustments in RSSI 

can be used in dealing with interference hence it is a very obstacle-sensitive parameter. 

This research will establish a pattern of behaviour for Wi-Fi RSSI such that while transmission of 

data may rely on link quality, RSSI value may be utilised for other purposes. This may result in dual 

usage of a single Wi-Fi signal. 

 

Previous research in the field include the works of Patwari and Wilson (2009), who have been able 

to detect movement “behind a wall” at an accuracy of close to a meter. And further applications 

include the monitoring of breathing through RF signals. (Patwari and Siegel, 2011) Many more 

applications exist but this research project will particularly consider the Wi-Fi signal unlike 
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previous researchers who have employed other wireless standards. The results will be useful in 

planning Wi-Fi networks based on the anticipated or inherent nature of the coverage area. It may 

also be utilised to increase the efficiency of Wireless Sensor Networks. 

 

1.4 SCOPE AND LIMITATION 

The research work is based on the behaviour of received signal strength indicator (RSSI) under 

certain conditions. Furthermore, it focuses on the RSSI of the IEEE 802.11a/b/g standard series. 

The wireless network card used for the purpose of the experiment is the inbuilt Dell Wireless 1395 

WLAN Mini-Card and the software used is open source software (inSSIDder 2.0).  

This research does not in any way address the behaviour of other wireless technology standards. 

Wimax, Zigbee and Bluetooth do not have network cards readily available nor are they easily 

affordable. Also this research does not establish any sort of link between RSSI value and link 

quality (throughput). 

 

1.5 BACKGROUND AND LITERATURE REVIEW  

1.5.1 Wi-Fi Overview 

The wireless technology industry has grown to become one of the largest in the world today. And 

even at the moment, it happens to be one of the most dynamic. Many issues ranging from mobility 

to environmental concerns (most cables are not bio-degradable) and cost reduction (elimination of 

cabling cost) have led to people embrace wireless technologies.  

 

In an era when devices are becoming smaller and more mobile, it becomes necessary to provide 

services in places like cafes, parks and other public places. This purpose defeats the use of cables so 

the use of transceivers has been employed. Using transceivers in devices enable them transmit and 

receive signals without physical connections. The transmission is done at a certain frequency so that 

any device operating at the same frequency can detect the transmitter. The most popular standard in 

IT as regards wireless technology is the IEEE 801.11a/b/n (Wi-Fi, is discussed in details in the 

chapters that follow). (Davis, 2004) 

 

Wireless technology has also impacted other parts of our lives. According to Paul and Wan (2000), 
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it is being employed as a means of localisation and tracking (particularly Wi-Fi in areas too remote 

for GPS or where GPS is considered to be too expensive). Researchers have been attempting to 

analyse various properties of signals and how wireless devices can be put to more effective use. 

Below is a table showing some wireless technology and their corresponding frequencies of 

operation. 

 

NAME STANDARD FREQUENCY SPEED 

Wi-Fi, WLAN 

Wireless Fidelity,  

Wireless Local Area 

Network 

 

IEEE 802.11a/b/g/n 

 

 

 

2.4GHz/ 5GHz 

 

 

11/ 54/ 600 

Mbps 

 

 

WIMAX 

Worldwide Interoperability 

for 

Microwave Access 

 

 

 

IEEE 806.16 

 

 

 

2.5GHz/ 

3.5GHz 

 

 

 

15/ 75 Mbps 

 

Bluetooth 

 

 

IEEE 802.15.1 

 

2.5GHz 

 

700 Kbps 

ZigBee 

 

 

IEEE 802.15.4 

 

2.5GHz 

 

20/40/250 Kbps 

Table 1.1:- Popular Wireless Standards 

 

Each of these technologies has various properties that show the efficiency of the system. One of 

these properties is the received signal strength indicator. The chapters that follow describe in details 

the RSSI (received signal strength indicator) properties of signals as received from various Wi-Fi 

access points in a controlled environment. 

 

The Wi-Fi (wireless fidelity) is a trademark term of the Wi-Fi Alliance (a non-governmental 

organisation encouraging the use of wireless technology). These equipments operate in the 

unlicensed spectra 2.4GHz and 5GHz. A major advantage is the simplicity of the Wi-Fi networks. 
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The institute of electrical and electronic engineers (IEEE) standardised the types of wireless 

technologies to encourage interoperability between devices from different manufacturers. Every 

wireless device has a component called a “Network Card” with specifications built according to the 

standard of the IEEE to enable seamless connectivity with those of other manufacturers. (Davis, 

2004). 

 

This standardisation is based on the frequency at which they operate and Wi-Fi is otherwise known 

as the IEEE 802.11. The IEEE 802.11 is also divided into a/g, b and n according to the speed. 

 

IEEE 802.11a/g - 54Mbps - 2.4GHz/ 5GHz 

IEEE 802.11b  - 11Mbps - 2.4GHz 

IEEE 802.11n  - 600Mbps - 2.4GHz/ 5GHz 

 

The fact that these devices operate at different frequencies indicate that there exist some sort of 

trade-offs in terms of coverage area. (J. Zhang, 2012) 

 

1.5.2 What is RSSI? 

Access points (AP) are indispensible devices on any wireless Local Area Network (WLAN) 

structure. The AP is a transmitter that acts as an intermediary between the wired and wireless parts 

of a network. It is necessary to know how an AP works in order to understand what exactly the 

RSSI is. The AP establishes a wired connection with a router but then transmits and receives 

wirelessly to devices within its range. The signals transmitted have various parameters, one of 

which is the received signal strength indicator (RSSI). (Reynolds, 2003) 

 

The received signal strength indicator (RSSI) is an integer with values ranging between 0 to 1 byte 

(i.e. 0-255). It is a method by which radio frequency (RF) energy received in a signal is depicted by 

the receiver (usually a network card). Unfortunately, no manufacturer has delivered a network card 

that is capable of measuring 255 different levels hence RSSI values given by different vendors may 

be difficult to compare. It is considered an arbitrary integer originally intended to aid connectivity 

decision by the host device but recent research has seen the utilisation of this parameter for 

localisation. (Park and Park, 2007; wildpackets.com, 2002). 
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ROUTER

ACCESS

POINT

WIRELESS DEVICES IN RANGE

 
 

Figure 1.1:- Basic Wi-Fi Network Structure 

 

From experiments carried out by Chen et al. (2005), a good proportion of attenuation in signals can 

be directly linked to interference which in turn reflects in its RSSI value. An inevitable source of 

interference is humidity as the IEEE 802.11 devices operates as the same frequency as the resonant 

frequency of water (2.4GHz). 

 

The chapters that follow will critically discuss the RSSI and its relationship with other parameters 

of a Wi-Fi signal. 
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CHAPTER 2 

2.0 RECEIVED SIGNAL STRENGTH INDICATOR (RSSI) 

The received signal strength indicator (RSSI) as the name implies is the numerical representation of 

the power level in a radio frequency (RF) signal as measured by the receiver. It is approximated by 

the network interface controller (NIC) which is popularly known as the network card. According to 

Yeh et al. (2004), it is evaluated at the output of the analogue-digital converter (ADC) which is just 

before the amplifier. They also went further to claim that three components must be present in the 

measurement process before received signal strength indicator (RSSI) can be said to be measured. 

The figure 2.1 below shows the block diagram of this process. The value achieved is usually readily 

available on wireless devices and is employed as criteria for connection where there is more than 

one wireless network available. 

 

 

 

Figure 2.1:- Component requirements for RSSI estimation. Yeh C. et al. (2004) 

 

It is common knowledge that although signals may appear to travel in a straight line (for example, 

line of sight technology) or across a surface (plane waves), the power degradation characteristics of 

signals cannot in any way be linearly expressed. Instead, signal power obeys an “inverse square 

law” such that it is inversely proportional to the square of the distance from the point of 

propagation. Equation 1.1 below is the mathematical representation of this statement. 

 

      …………….(2.1) 

 

Where, 

 is the power as measured at the receiver 

d is the recorded distance from the transmitter 

 is the power as measured at the transmitter 

 is the proportionality constant according to the transceiver.  

Considering the scope of the project (Wi-Fi signals),  will assume the proportionality constant for 

ADC ABS ACCUMULATOR 
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propagation in free space. (Benkic et al, 2008 and Goldsmith, 2005). 

 

2.1 MEASURING RECEIVED SIGNAL STRENGTH INDICATOR 

Received signal strength indicator (RSSI) is many times expressed in percentage. But more often it 

is expressed bearing the units milliWatt (mW) or decibel-milliWatt (dBm). With the later being a 

logarithmic expression, the relation between them is expressed in equation 1.2 below: 

dBm=                                                             ……………(2.2) 

With the dBm being a widely accepted unit as this allow for easier operations in terms of 

manipulating the output (i.e. simple handling mathematically, can be added or subtracted). Wireless 

network interface controller (WNIC) makers create conversion tables which help in standardising 

the readings from their device making it comparable to those of other makers. The issue arises from 

the IEEE 802.11 specifications (1999) which require received signal strength indicator (RSSI) 

measuring components to be capable of indicating 256 different levels (0-255/ 1 byte). The Institute 

of electrical and electronic engineers (IEEE) set as standard that these levels may be represented 

from zero (0) through RSSI_MAX, where RSSI_MAX is a value chosen by the Wireless network 

interface controller (WNIC) manufacturer which is duly mapped to highest energy level( i.e. 256
th 

level :255). Hence equation 1.3 below show the expression for received signal strength (RSSI) in 

percentage. 

RSSI%=(RSSI X 100)/ RSSI_MAX         ……………..(2.3) 

 

The table 2.1 below shows a list of popular wireless network interface controller (WNIC) 

manufactures and the values they have adopted as their RSSI_MAX. The values given are not in 

any way a reflection of the full signal power but a level onto which the highest signal power may be 

mapped with respect to the lowest. (Atalah et al, 2008 and Lui et al, 2011). 

 

For the purpose of this research project, the wireless network interface controller (WNIC) used is 

the inbuilt Dell Wireless 1396 WLAN Mini-Card (details of which will be discussed in the chapters 

that follow). 
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POPULAR 

MANUFACTURER 

MAXIMUM 

RSSI 

 

Atheros Chipset 

 

60 

 

Cisco 

 

100 

 

Symbol 

 

31 

Table 2.1:- Popular WNIC Manufacturers 

 

2.2 LINK QUALITY INDICATOR (LQI) 

It has been proven in recent times that the received signal strength indication (RSSI) is a good tool 

for distance estimation. This has resulted in further utilisation of this parameter which by and large 

has previously only been used for determination of preferred network connection when more than 

one wireless networks are available. More recent works by Ebenezer (2010) which exploits the use 

of received signal strength indicator (RSSI) in enhancing routing for wireless networks and Zhen et 

al (2010) which utilises received signal strength indicator (RSSI) characteristics in optimisation of 

wireless sensor networks have shown that the parameter is now being viewed in a different light, 

perhaps now being considered as one of the Wi-Fi signal’s most versatile. 

 

Although the received signal strength indicator has been utilised for different purposes, it still 

cannot be used in predicting link quality. Wu et al (2008) concluded from experimentation that 

variations in RSSI do not correlate with the total throughput between the devices in communication 

hence cannot be used to accurately judge the link conditions in terms of performance. Another 

parameter known as the Link Quality Indication (LQI) allows for a more accurate estimation of the 

quality of the wireless network in terms of performance and not just coverage area or transmitting 

power. There are no established similarities or direct relationship between the two parameters (RSSI 

and LQI) but the following behaviours have been noticed with regards to one another: 
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1. Strong received signal strength indicator (RSSI) does not always signify good link quality 

indicator (LQI) as RSSI measures the power in signal delivered while LQI is a measure of 

packet delivery to sent packets. Congestion on a network will impact link quality indicator 

(LQI) but may not necessarily affect the received signal strength indicator (RSSI) value. But 

in a noiseless environment, the access point with the highest received signal strength 

indicator (RSSI) usually has the best link quality indicator (LQI). 

2. Continuous degradation of received signal strength indicator (RSSI) will ultimately result to 

poor link quality indicator (LQI) as signal may become too weak to support data 

transmission. 

As the two parameters do not have any linear relationships, they cannot be directly converted either 

from RSSI to LQI or vice versa. (Srinivasan and Levis, 2006 and Jian and Hai, 2009). 

 

2.3 APPLICATIONS OF THE RECEIVED SIGNAL STRENGTH INDICATOR 

(RSSI) VALUES 

As discussed earlier, the received signal strength indicator (RSSI) has gained popularity in recent 

times leading to a number of researchers digging in. numerous research have led to even more 

breathtaking discoveries. This part of the chapter discusses the many applications of the received 

signal strength. 

2.3.1 Channel assessment, network connectivity and roaming 

The received signal strength indicator (RSSI) primarily assists devices in connecting wirelessly to 

preferred networks when more than one network exists. The device considers the RSSI values of all 

the access points in range and automatically connects to that with the highest value. 

When two nodes on a wireless network communicate, they do so through an allocated channel 

which has been allocated because it was not in use. Before transmission can be carried out, the 

transmitting node measures the received signal strength indicator of the channel intended for 

transmission as relates to its neighbour (the receiver). This process is known as the clear channel 

assessment (CCA). On establishing the received signal strength indicator (RSSI) value, the 

transmitter compares it against a pre-defined level according to the network. This pre-defined 

threshold is known as the clear channel threshold (CCT) and if the measured received signal 
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strength indicator (RSSI) level is lesser than this threshold, the transmitter senses that the channel is 

clear then a clear to send (CTS) message is returned and transmission may be initiated. Otherwise, 

when the measured value is higher than the-defined value, the channel is deemed busy and 

transmission is deferred. (Angrisani et al, 2008). 

 

Also when a device is in motion within the coverage area of the access point (AP) to which it is 

connected and then enters a region where that AP’s coverage area overlaps that of another access 

point. The mobile device takes into consideration the received signal strength indicator from both 

access points and once the value of that to which it is connected falls below a level known as the 

Roaming Threshold (RT), the mobile device disconnects and reconnects to the other access point 

with a higher received signal strength indicator. Hence, the device is said to have roamed with the 

help of RSSI as perceived by the device. 

2.3.2 RSSI as a tool for adaptive modulation and coding (AMC) And Power Control 

In environments where channel conditions of the wireless network are dynamically unstable, one 

solution is the implementation of an adaptive modulation and coding scheme. In this case, when the 

receiver records a low received signal strength indicator (RSSI) value from the transmitter, a 

feedback is sent to the transmitter about the current channel conditions to which the transmitter 

responds by adjusting the data rates, modulation scheme and coding while power is maintained at a 

constant rate.  

 

The figure 2.2 below is a representation of the basic idea behind the adaptive modulation and 

coding scheme. 

 

 

LOWER DATA RATE HIGHER DATA RATE

 

Figure 2.2:- Basic concept of Adaptive Modulation and Coding 

 

Another solution is the transmission fast power control. In the mobile communications industry, 

Wireless 

device 

Wireless 

device 

AP 
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mobility is achieved by means of battery powered devices. Preservation of battery life is a very 

important issue which is why this solution has become popular.  

 

HIGHER TRANSMISSION 

POWER

LOWER TRANSMISSION 

POWER 

 

 

Figure 2.3:- Basic concept of fast power control 

 

When received signal strength is recorded as higher than a certain threshold (as defined by 

manufacturer), the mobile device run on less power as it is experiencing strong signals but when the 

received signal strength is low, the device increases its power consumption to maintain the data rate. 

Unlike the adaptive modulation, the power control scheme varies power while data rate is 

maintained. The figure 2.3 above is a basic representation of the fast power control concept. 

(Zhang, 2012) 

 

2.3.3 Device-free passive Localisation 

This term refers the area of Localisation where humans or objects are being monitored and/or 

tracked in terms of positioning and movement without any device being carried by them. There 

have been a number of researches based on ways to improve localisation using wi-fi received signal 

strength indicator (RSSI). These techniques are often resorted to when satellite GPS systems are too 

expensive or out of reach. The works of Wilson and Patwari (2009) have shown that as opposed to 

the use of modern day view-behind-wall technologies, variance-based radio tomography provides a 

cheaper and slightly more accurate way of achieving equal and possibly better result. This is 

possible by taking advantage of human motion induced variations in received signal strength.  

 

The project was based on the preceding works of Youseff et al (2007) who came up with the 

following conclusions: 

1. Received signal strength indicator (RSSI) from nodes within an indoor wireless network 

based on the IEEE 802.11 series can be used in detecting and monitoring motion within that 

same network. 

Wireless 
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Wireless 

device 
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2. Changes in received signal strength indicator (RSSI) from nodes within the network can 

also be used to trace and pin-point the possible position of the object in motion. 

This technology is particular useful in emergency rescue mission, security purposes and military 

operations. Many cases of wireless sensor networks (WSN) where the RSSI of Wi-Fi is utilised for 

similar purposes also exist. Figure 2.4 below is an extract from the work of Chandra-Sekarani et al 

(2009). It shows how a self organising wireless sensor network (WSN) may utilise Wi-Fi received 

signal strength indicator for emergency medical purposes. Although this is not a device-free 

technique, it gives a clearer picture of previous explanations. 

 

 

Figure 2.4:- Utilisation of WSN for medical emergencies 

There are many other researchers who have successfully utilised the wireless fidelity (Wi-Fi) 

received signal strength indicator (RSSI) for localisation purposes but for the purpose of this 

project, only the ones mentioned above will be discussed. 

 

2.3.4 Monitoring of breathing and heart rates 

A more recent study by Patwari and siegel (2011) has successfully established the possibility of 

monitoring the breathing of critically ill patients in a non-invasive manner. Unlike conventional 
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medical equipments that make use of wires, clips, tubes amongst other connectors, this technology 

employs the use of regular transceivers (day to day transmitters which usually can be found in 

homes and offices) and no physical contact with the patient which in turn allows for better sleeping 

condition for the patient and hence, better recovery. 

 

The process is achieved by positioning about 20 transceivers around the sides of the patient’s bed 

making it possible for each one to be able to transmit to and receive from 19 others. In the breathing 

process, the movements of the chest and abdomen cause disruptions of the signals across the body 

and along with the disruptions comes variations in received signal strength indicator (RSSI) value. 

A total of 20 transceivers multiplied by 19 others produce 380 measurements of received signal 

strength indicator (RSSI) over a short period. These measurements are of the variations in the 

received signal strength indicator form the various transceivers across the bed. Figures 2.5 and 2.6 

are extracts from the design and testing of the product as presented by Patwari himself. 

 

 

 

Figure 2.5:- Experimentation shows the transmitters by the patient’s bedside. 
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Figure 2.6:- Monitoring breathing wirelessly 

The use of off the shelf transceivers makes this a very cheap way of monitoring breathing as 

opposed to the expensive hi-tech medical equipments currently in use. It is particularly useful in 

monitoring breathing of people who have just had a surgery, babies with sudden infant death 

syndrome and those with abdominally induced sleep apnea. 
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2.4 VARIATIONS IN RECEIVED SIGNAL STRENGTH INDICATOR (RSSI) 

Like any other property of a signal, received signal strength indicator (RSSI) is susceptible to 

interference from various sources. This is a very vital part of this research work because received 

signal strength indicator (RSSI) fluctuates around a mean value. These interferences may cause a 

change of mean value or more frequent changes in RSSI value resulting in the signal itself 

exhibiting some instability. From the works of Amusa (2011) and Malik (2009), variations in 

received signal strength indicator (RSSI) is categorised into: 

 Hardware Specification 

 Environmental interference 

 

2.4.1 Hardware Specifications 

These are variations caused by the inherent nature of the components of transceivers. This can be 

further described as follows: 

- Antenna Propagation 

The radiation pattern of two identical antennas may not be exactly the same. Although 

they may possess similar parameters, it is often noticed that there is an allowable error 

taken into consideration. This makes it difficult to categorically state precisely, what the 

received signal strength at a point will be. Instead estimations are made as to what 

should be expected. 

- Transmitting Power and Receiver sensitivity 

Even with similar configurations, two transmitters will not send packs at exactly the 

same power level. There are many reasons responsible for this, for example close study 

of signals carried out in this research show a single power level is not maintained. 

Instead, a range of values around the preferred power level is what actually is in effect. 

Likewise at the receiving end, due to the non-existence of an ideal receiver, the 

sensitivity of a receiver cannot be valued at 100%. Considering receivers from the same 

manufacturer with equal parameters, variations are often experienced as components 

(chipset) in them may not necessarily be same. 
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2.4.2 Environmental Interference 

These are variation caused by activities outside the system (that is transmitter and receiver). They 

range from interference from other signal, to humidity and even obstacles. Below are a few that 

may cause variations in RSSI value. 

 

- Multipath fading 

This occurs when a receiver captures more than one copy of a signal as sent by the 

transmitter. This happens when the signal bounces off several surfaces before getting to the 

receiver resulting in some part of it arriving before others. Hence same signals make not 

also arrive at the receiver with equal signal strength due to power loss encountered in path 

travelled. 

 

- Time delay 

As in the case of multipath fading, it is established that signals do travel by line or sight and 

also bounce of various objects or people in its was. This causes a time overlap as packets are 

usually time stamped and transmitter-receiver synchronisation may be violated. 

 

A detailed analysis of the variations in the received signal strength indicator (RSSI) of Wi-Fi signals 

will be critically undertaken in the chapters that follow. The figures below attempt to describe 

signal behaviours when obstacles are encountered. 

  

 

 

 

 

 

 

 

 

 

 

Figure 2.7:- Reflection of a signal by an obstacle 
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Figure 2.8:- Refraction of a signal by an obstacle 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.9:- Diffraction of a signal by an obstacle 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.10:- Scattering of a signal by an obstacle 
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CHAPTER 3 

3.0 EXPERIMENTATION SETUP AND SURVEY REPORT 

As described by Paul and Wan (2009), the unstable and unpredictable behaviour of RSSI often 

results in frequent deviations in RSSI measurements. In light of this, the experimentation process 

designed for the purpose of this project includes capturing of numerous measurements and filtering 

while maintaining an unbiased approach. This chapter explains the processes involved in the data 

collection stage of the project and evaluation of statistics generated. 

 

3.1 REQUIREMENTS FOR EXPERIMENTATION 

Network researchers are often faced with the problem of optimum workflow due to lack of up-to-

date experimentation tools. This often results to use of tools which may fail in real time scenarios. 

Translation of data to useable formats while retaining originality has also been a source of 

significant concern. These inevitably result in poor and inaccurate analysis. The importance of 

excellent experimentation tools hence cannot be over emphasised as this can lead to a big question 

at the end of the process. (Dabbous and Lacing, 2010) 

 

3.1.1 Working Tools 

As discussed in the preceding chapters, a brief inventory of the tools that enable proper and accurate 

measurements is as follows: 

 

 Hardware - Dell Inspiron 1525 laptop computer, 

Wireless Network Interface Controller (WNIC) inbuilt Dell Wireless 

1396 WLAN Mini-Card. This network card supports IEEE 802.11b/g 

and any Wi-Fi certified devices up to 54Mbps. It is also produced in 

accordance with cisco technology standards. (dell.com, 2011) 

 

Software          - inSSIDer 2.1 ; an open-source freeware that utilises the inherent 

Wireless Network Interface Controller (WNIC) of the hardware upon 

which it is resident. Its features include: monitoring and sorting of all 
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available Wi-Fi parameters within range of the WNIC, logging of 

wireless network data exportable KML, Microsoft excel and word 

formats. These parameters are captured on an average of every second 

and it estimates the time to the nearest third decimal (that is, 0.000). 

(metageek.net, 2012) 

 Matlab R2010a ; a mathematics based computational software used 

for numerous processes including signal processing, data analysis, 

simulations and even generation of algorithms to suite various 

purposes. It is usually used by scientists, engineers, programmers and 

data handling purposes in general. For the purpose of this project, 

Matlab is used extensively in conjunction with simpler and more user 

friendly packages like Microsoft excel and notepad. It is extensively 

used and across many professional fields and highly regarded by 

many scholars. (mathworks.co.uk, 2012) 

 

Figure 3.1:- Laptop computer Dell inspiron 1525 
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Figure 3.2:- User interface for inSSIDer 2.1 

The figures 4.1 and 4.2 above shows the laptop computer used and the inSSIDer 2.1 user interface. 

Books and Journals -  a number of books were consulted in experimentation process to gain 

relevant knowledge about the functionality of the hardware and 

software utilised. Journals, especially those published within the last 

5 years were critically consulted in a bid to ensure that the process is 

in line with current industry practice. This ensured adherence to best 

practices as regards all the parts of this project. 

 

3.1.2 Observation and Assumptions 

As discussed earlier, the main purpose of this research is to establish that Wi-Fi RSSI is subject to 

interference from the environment which results in variations of the received signal strength 

indicator metric of a signal. The answer lies in the study of the characteristics of the RSSI value of 

itself. Carrying out the experiment and generating a comparable set of statistics will assist in 

making a realistic conclusion which in turn satisfies the purpose of undergoing the project. The 

conclusion hence will serve as basis for further research in this field. 
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To further improve the accuracy of the results from this research project, some decisions were made 

as to areas of concentration. Two of such decisions which directly impact on the course of the 

research are: 

 Peak/ Off-peak - the Webster’s online dictionary defines peak busy hour as: 

“the sliding 60-minute period during which occurs the 

maximum total traffic load in a given 24-hour period” 

    It also defines off-peak as: 

“Period of relatively low system demand. These periods often 

occur in daily, weekly, and seasonal patterns” 

   -Webster’s online dictionary, 2012. 

 

Based on these definitions as it applies to the telecommunications 

industry, the environmental condition within the University of 

Bedfordshire with respect to human activities has been properly 

monitored and consultations made with the security and restaurant 

staff. This assisted the decision activities around the university are at 

the highest in the afternoon (specifically between 1100hrs and 

1400hrs). Similar degree of human activities was discovered between 

the morning and the evening hours. But for the purpose of research, 

all off-peak data will be measured in the mornings (specifically 

between 0630hrs and 0830hrs). This is done to reduce the error 

margin as much as possible. Hence two sets of comparable measure 

are to be taken namely; Peak human activity (between 1100hrs and 

1400hrs) and Off-peak human activity (between 0630hrs and 

0830hrs). 

 

Nature of Activity - after careful examination of three different locations within the 

University of Bedfordshire it was discovered that although human 

activities peaked around the same time, the nature of the activities 

were slightly different (a very important observation which might 

alter the course of the experimental results). These observations are 
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grouped into three and presented thus: 

 (A1), human activity is characterised by movement. That is generally 

walking through and around the area under observation. The area 

where this is observed is the Learning and Resource Centre Level 1. 

Detailed description of the environment is given in the pages that 

follow. 

 (A2), human activity is characterised by non-movement. That is 

majority of the people in the area are sat down at different places 

within the area. Although there is also movement from time to time, it 

is mainly of people coming to take seats or leaving the area. The area 

where this is observed is the Social Space and detailed descriptions 

will also be given as the process unfolds. 

 (A3), human activity cannot be categorised as mainly by movement 

or by stationary individuals. The environment is a combination of 

people sat down and those moving around. The area under 

observation is the Unity Café (Sodexo) at the main campus (ground 

floor). 

 

Based on these assumptions as derived from the observations, four signals will be captured from 

each location. The result of which is a compilation of twenty four data sets. The table 4.1 below 

gives details of the Wi-Fi signals captured. 

 

LOCATION 

 

SSID 

 

MAC ADDRESS 

LRC level 1 - 

A1 

 

 

 

 

 

 

Eduroam (peak) 

Eduroam (off-peak) 

[00:26:3E:B7:EC:00] 

[00:26:3E:B7:EC:00] 

UoB-Student (peak) 

UoB-Student (off-peak) 

        [00:26:3E:B7:EC:06] 

[00:26:3E:B7:EC:06] 

UoB-Staff (peak) 

UoB-Staff (off-peak) 

[00:26:3E:B7:EC:04] 

[00:26:3E:B7:EC:04] 

UoB-Guest (peak) 

UoB-Guest (off-peak) 

[00:26:3E:B7:EC:02] 

[00:26:3E:B7:EC:02] 
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Social Space - 

A2 

 

 

 

 

 

 

Eduroam (peak) 

Eduroam (off-peak) 

[00:26:3E:12:72:80] 

[00:26:3E:12:72:80] 

UoB-Student (peak) 

UoB-Student (off-peak) 

       [00:26:3E:B8:D5:46] 

[00:26:3E:B8:D5:46] 

UoB-Staff (peak) 

UoB-Staff (off-peak) 

[00:26:3E:B8:D5:44] 

[00:26:3E:B8:D5:44] 

UoB-Guest (peak) 

UoB-Guest (off-peak) 

[00:26:3E:B5:D7:C2] 

[00:26:3E:B5:D7:C2] 

The Unity Café- 

A3 

 

 

 

 

 

 

Eduroam (peak) 

Eduroam (off-peak) 

[00:26:3E:3E:8B:00] 

[00:26:3E:3E:8B:00] 

UoB-Student (peak) 

UoB-Student (off-peak) 

       [00:26:3E:3E:84:C6] 

       [00:26:3E:3E:84:C6] 

UoB-Staff (peak) 

UoB-Staff (off-peak) 

[00:26:3E:3E:8B:04] 

[00:26:3E:3E:8B:04] 

UoB-Guest (peak) 

UoB-Guest (off-peak) 

[00:26:3E:3E:8B:02] 

[00:26:3E:3E:8B:02] 

Table 3.1:- List of access points to be monitored 

 

3.2 CAPTURING DATA 

The data captured as described in the sub-section above is in its raw form. For these data to be 

useful, it has to be filtered according to desired preferences. The filtered output then presents a set 

of data that can be subjected to the intended statistical analysis. 

 

3.2.1 InSSIDer 2.1 Log File 

The inSSIDer 2.1 software logs every access point within the range of the host computer’s Wi-Fi 

and generates a file containing information about their parameters and time recorded.  Below is a 

sample file as generated by the inSSIDer 2.1 software. Note that this is not the file used for the 

experiment. Please refer to the appendices section for the actual experimental results. 

 

 



[ANALYSIS OF WI-FI RSSI AS OBSERVED] May 25, 2012 

 

32 

 

 

<gpx> 

  <wpt lat="" lon=""> 

    <ele>0</ele> 

    <time>2012-03-25T21:09:3.280Z</time> 

    <geoidheight>0</geoidheight> 

    <name>virginmedia2932400 [A0:21:B7:F0:AE:C2]</name> 

    <cmt>0</cmt> 

    <desc>virginmedia2932400 

[A0:21:B7:F0:AE:C2]         1 

RSSI: -49 dB    2 
Quality: 86% 

Channel 9 

Speed (kph): 0 

2012-03-25T21:09:3.280Z</desc>               3 
    <fix></fix> 

    <sat>0</sat> 

    <hdop>0</hdop> 

    <vdop>0</vdop> 

    <pdop>0</pdop> 

    <extensions> 

      <MAC>A0:21:B7:F0:AE:C2</MAC> 

      <SSID>virginmedia2932400</SSID> 

      <RSSI>-49</RSSI> 

      <ChannelID>9</ChannelID> 

      <security>WPA2-Personal</security> 

      <signalQuality>86</signalQuality> 

      <networkType>Infrastructure</networkType> 

      

<rates>1/2/5.5/6/9/11/12/15/18/24/30/36/45/48/54/60/90/120/135/150/180/240/270/300</rates

> 

    </extensions> 

 

The sample shown above is a block of data for an access point as recorded in the inSSIDer 2.1 log 

file. On an average, it generates close to a 3000 blocks for one access point per hour. The highlights 

1, 2, 3 are the parts needed to carry out the desired statistical analysis and below is their respective 

descriptions. 

1- The data will be filtered according to the Media Access Control (MAC) address. This is 

because many nodes within the university actually serve as relay nodes hence signals can 

only be effectively identified by their MAC addresses as many access points broadcast the 

same Service Set Identifier (SSID). 

2- The RSSI value as recorded by the software via the WNIC. This is a very important part of 

the file as it forms a vital part of this research work. 

3- The exact time at which the RSSI was recorded. Correct to the nearest third decimal. This is 

important because although inSSIDer 2.1 record RSSI every second, access points may not 

always broadcast every second. The recorded time increases the accuracy of the analysis as 

it enables the RSSI to be plot respectively against the time stamp instead of arbitrarily 
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assuming one second intervals. 

 

To begin data logging, the follow steps apply: 

From the inSSIDer 2.1 user interface, click “file” and select the “start logging” option. This brings 

up a window asking for where to store log file and by what name it is to be identified. The software 

then begins to record the parameters. To stop the process the same sequence is repeated but this 

time there is no pop up window. Click “file” and select “stop logging”. (metageek.net, 2012) 

 

3.3 FILTERING 

The log file produced by the inSSIDer 2.1 software can be opened using a notepad or Microsoft 

excel package. But due to the large size of data generated in this experiment (about a hundred 

thousand lines per file), these programs fail to respond when requested to process such huge data. 

The use of Matlab allows for handling of data that are too large to open using conventional 

programs. 

3.3.1 Filtering and Sorting the Log File 

To access the content of the log file, a script has to written in Matlab to read only the needed parts 

(highlights 1, 2 and 3 as discussed in the previous sub-section). Using a combination of low level 

I/O and text data import functions, a script was written to serve as a filter. This reads the data 

according to the specified delimiter which in this case is line delimited so it can be stated that it 

reads only parts of lines 9, 10 and 14. Below is the script that was written specifically for the 

purpose of filtering the lines from each block. (mathworks.co.uk, 2012) 

 

fid = fopen('filename'); 
c = textscan(fid, ... 
    '%*s %*s %*s %*s %*s %*s %*s %*s %s RSSI: %s %*s %*s %*s (DATE)T%s %*s %*s 

%*s %*s %*s %*s %*s %*s %*s %*s %*s %*s %*s %*s %*s', ... 
    'Delimiter', '\n', ... 
    'CollectOutput', true); 
fclose(fid); 

 

The first line opens the file to be filtered and allocates an arbitrary number which serves as a means 

of identification for the matlab program. The semi-colon indicates that it is not a command to be 

executed instantly and as such no output is created for it in the workspace. The second line defines 
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the variable ‘C’. ‘C’ is the output desired from the log file which serves as the input and is defined 

thus: 

%*S - ignore string (lines 1-8) 

%S  - print string (line 9) 

RSSI: %S  - print string after ‘RSSI: ‘ (line 10) 

%*S - ignore string (lines 11-13) 

(DATE)T%S- print string after (DATE)T (line 14). For example 2012-04-27T%s if data was 

captured on the 27
th

 of April 2012 

%*S     - ignore string (lines 15-29) 

 

With the output needed from each line now clearly defined, the next line indicates that the log file is 

line delimited. This means that each line represents a set of data ('Delimiter', '\n'). 

The next line instructs the programs to collect all the outputs and combine then in one array while 

the next line signifies the end of script and close on the file initially opened. 

Running the script generates a variable in the workspace ‘c{1,1}’. It contains the information from 

the three lines needed in each block. When viewed in the variable editor it appears in the form show 

in the figure 4.3 below: 

 
Figure 3.3:- Extraction of Information from log file 



[ANALYSIS OF WI-FI RSSI AS OBSERVED] May 25, 2012 

 

35 

 

But to be able to statistically analyse the data, the signals specified in table 4.1 above still have to 

be extracted. This is achieved by applying another set of codes to the output from the textscan 

process. But first the output has to be saved in a text file. Using the diary function, the following 

command is entered: 

Diary on          - turn on diary and record everything that prints in the command window to a 

text file ‘diary’ 

C{1,1}            - prints the content of the variable (the three lines from every block) in the 

command window and subsequently into the text file 

Diary off         - closes the text file and makes it useable outside matlab environment. 

 

Having written the three lines needed from each block into a text file, the data still needs to be 

filtered according to the desired MAC addresses of the access points whose signals will be 

analysed. This is achieved combining the ‘litcount’ command again with the ‘diary’ command. But 

first another script has to written using the ‘fgetl’ command. This command reads the next line of 

the specified file and prints the requested action in the command window (MathWorks, 1999). For 

the purpose of this project, the script used is shown below: 

 

function y = litcount(filename, literal) 
% Search for number of string matches per line.   

  
fid = fopen('filename'); 
y = 0; 
tline = fgetl(fid); 
while ischar(tline) 
   matches = strfind(tline, literal); 
   num = length(matches); 
   if num > 0 
      y = y + num; 
      fprintf(1,'%d:%s\n',num,tline); 
   end 
   tline = fgetl(fid); 
end 
fclose(fid); 

 

The script is then run by entering the following command line through the command window: 

litcount ('filename','literal') 

This prints out all lines containing the literal stated (in this case the MAC address) in the command 

window so that only the MAC address and their various RSSI value and time are displayed. As with 

the earlier method, this is also copied to a text file using the ‘diary’ command. The figure 4.4 below 
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is a sample of what is generated after the litcount command is used. 

 

Figure 3.4:- Filtering by MAC Address 

The final touch is added by importing into Microsoft excel and stripping off the ‘dB’ unit attached 

to the RSSI value and the ‘Z</desc>’ attached to the time. Having done this, the data has been 

successfully filtered and the end product can be statistically analysed. Please refer to the appendices 

section of this report for the actual data sheets used. 

 

3.4 DATA ANALYSIS 

According to Professor Levine (1999) of Dartmouth College,  

“Data analysis is a body of methods that help to describe facts, detect patterns, develop 

explanations, and test hypotheses. It is used in all of the sciences. It is used in business, in 

administration, and in policy.” 

Simply put, data analysis is a process of monitoring consistency and inconsistency among sets of 

data so that these differences and similarities may be interpreted and attributed to real life scenarios. 

Data analysis is not about the data itself (that is numbers) but much more. It is about what the 

numbers are pointing out. This is why the techniques chosen in the analysis of those data must be 
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relevant to the hypothesis that is to be proven. For the purpose of this research the following 

techniques discussed below are employed in interpreting the data at hand. 

3.4.1 Mean/ Expected Value 

Considering the nature of the data to be analysed, mean can be described as the weighted average of 

the set of values. Its gives an idea of what may be expected as output from an event. In discrete 

random variables, this value can be said to represent a summary of the data. It creates a balance 

point or midpoint which can be assumed in predicting outputs of the system over a period. 

Mathematically, mean is defined as: 

        ……………..(3.1) 

Where, 

E[X] is the expected/mean value, 

 is the output 

 is the probability of the output and i is the number of number of outputs. 

Note that midpoint mentioned above is not Median. Median is central variable after data set has 

been arranged in ascending order. (Dekking et al, 2005). 

 

In this case the received signal strength indicator values as recorded for all locations will be 

subjected to this process and a mean value will be defined for each data set. The mean values will 

be then compared (off-peak against peak periods) and a pattern will be identified. This is defined 

by: 

 =       ……………..(3.2) 

Where, n is the number of RSSI values recorded. 

 

3.4.2 Mode/ Histogram 

The histogram is a classic technique for graphically representing sets of data. It creates a clearer 

image of the distribution of the dataset which may not be visible to the eyes by looking at the data 

itself. This is achieved by splitting the data into intervals or representation of individual values and 

matching against the number of time such intervals or individual values occur in the data set. The 

histogram makes it easier to locate the mode (that is the value with highest occurrence) which will 

also be subjected to comparisons (off-peak and peak periods). (Dekkings et al, 2005). 
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In this research work, due to the erratic nature of RSSI, the mean and mode tend to be very useful 

because it gives an idea of the actual value (more like the value the access point strives to maintain). 

3.4.3 Range and Standard Deviation 

Both range and standard deviation are values that complement the mean. Because the mean value 

does not always say all that there is to know about a set of variables, it is often important to look at 

the range and standard deviation for more insight. Mathematically, range is defined as the difference 

between the largest and the smallest variable of the set. It shows how loosely or tightly bound the 

data set actually are. Standard deviation on the other hand can be defined as the average of the 

approximated distance between each variable and the calculated mean. This means it shows how 

loosely or tightly bound variables are to the calculated mean. Hence many describe the standard 

deviation as the mean of mean. (Marshall, 2010) 

Mathematically, Standard deviation is defined as: 

      ……………..(3.3) 

Where  is the calculated mean of the dataset. 

 

3.4.4 Probability Density Function 

In random variables, the probability density function (PDF) is defined as the degree of possibility 

that a particular outcome will be achieved at some point in a continuous event at a particular period 

in the time line of that event. As the definition implies, it applies majorly to absolute continuous 

variables. 

 

The figure 4.5 below is a sample distribution of a PDF plot. Considering the continuous random 

variable (X), the PDF f(x) for two variables a and b such that a b.  The probability of having a 

value (X) is the portion of the plot from a to b. The total area under this curve is 1 which represents 

the summation of all the probabilities involved in the event. (Dekking at al, 2005) 
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Figure 3.5:- Probability Density Function Plot 

Source: http://www.weibull.com/LifeDataWeb/the_probability_density_and_cumulative_distribution_functions.htm 

      ……………..(3.4) 

3.4.5 Cumulative Distribution Function 

Due to the inability of the PDF to properly depict the processes of continuous random variable, it is 

combined with the Cumulative Distribution Function (CDF). The CDF assesses the probability of 

having a range of outcomes starting from the lowest and adds up to one. 

 

Figure 3.6:- Cumulative Distribution Function Plot 

Source: http://www.weibull.com/LifeDataWeb/the_probability_density_and_cumulative_distribution_functions.htm 

 

http://www.weibull.com/LifeDataWeb/the_probability_density_and_cumulative_distribution_functions.htm
http://www.weibull.com/LifeDataWeb/the_probability_density_and_cumulative_distribution_functions.htm
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The figure 4.6 above is a sample CDF plot. Mathematically, CDF is defined as: 

     ……………..(3.5) 

The relationship between CDF and PDF is further defined by: 

 

Then,            ……………..(3.6) 

Where  and  

The PDF used for the analysis of the data in this research is the popular normal distribution and is 

defined by: 

      ……………..(3.7) 

 

3.5 THE PROJECT SURVEY REPORT 

As part of the requirements for the successful completion of this project, a survey was carried out to 

sample people’s opinion on wireless technology. This was used to estimate the general awareness 

about wireless technology including devices. A list of questions was composed with simplified 

expressions to ensure people from all walks of life can contribute their opinions. The result of this 

allowed for better understanding of the topic and helped in making the outcome and conclusions 

useful to everyone and was not restricted to people in the telecommunications field alone. 

 

3.6 SURVEY RESULT ANALYSIS 

The simplicity of the questions meant that people from different backgrounds were able to 

participate effectively. The survey consist nine (9) questions and from the answers gathered through 

an online collector and it was discovered that mobility is important factor when it comes to internet 

connectivity as seen in question two where 80% own smart phones and 82.2% own laptops and 

other mobile devices as compared to the 15.6% that own desktop computers. Question three 

confirms that WiFi has gained tremendous popularity over the years as 73.3% of respondents claim 

that their preferred mode of internet connection is through access points while 3G/4G is next with 

24.4% and Wimax received no response at all. The fact that 48.9% claim they are always connected 

explains where there may be some network congestion at certain times of the day if these people 
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come together and a further 33.3% say they do so often while 17.8% connect when necessary. 

The fluctuation of signal levels was confirmed when an outstanding 95.6% of respondents claim to 

notice changes in signal levels on their devices while 4.4% say they do not. In question six 64.4% 

of people experience poor signal levels in crowded environments, 48.9% and 13.3% do so in 

afternoons and enclosed environments respectively. Question seven shows that 84.4% acknowledge 

that they connect more easily to access point when the level of activity in that area is low 

meanwhile 13.3% were not sure of the effect of activity level on their ease of connection. The last 

question shows that 53.3% believe network performance is dependent on signal level while 33.3% 

are not sure of the relationship between them. 

 

3.7 IMPLICATIONS OF SURVEY RESULT 

The results from the survey highlight the growing popularity of Wi-Fi technology and indicate that 

users are more interested in being able to connect to networks using mobile devices such as smart 

phones and laptops. It also shows that RSSI is very important since internet connectivity is very 

indispensable when it comes to our daily activities bearing in mind that many prefer to connect 

wirelessly. The results also stress the importance of this project as they show that RSSI may behave 

differently in different conditions making ease of connection vary. It also indicates that people may 

erroneously tie network performance to signal levels. More awareness should be carried out to 

clarify this. 
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CHAPTER 4 

4.0 DATA ANALYSIS 

This chapter analyses the data generated according the techniques discussed in the earlier chapter. 

The different locations will be compared according to time of day and trends will be noted. 

 

4.1 THE LRC LEVEL1 

The figures 4.1a - d and 4.2 a – d below show the physical environment as at when the data was 

captured. 

 

 
Figure 4.1a:- LRC Off-Peak1 

 
Figure 4.1b:- LRC Off-Peak2 
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Figure 4.1c:- LRC Off-Peak3 

 

 
Figure 4.1d: - LRC Off-Peak4 

 

 
Figure 4.2a: - LRC Peak1 
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Figure 4.2b: - LRC Peak2 

 
Figure 4.2c: - LRC Peak3 

 

 
Figure 4.2d: - LRC Peak4 
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From the images above, it can be seen that activities were at the lowest possible (approximately 7 

people seated and walking around) at the off-peak periods and particularly there was very minimal 

human movements at the time. The peak periods on the other hand shows a very visibly busy 

environment (approximately 75 people seated and walking around) with people walking and seated 

around the room. The following Wi-Fi signals were captured. 

 

 
    (off-peak)      (peak) 

Figure 4.3a:- [00:26:3E:B7:EC:00], Eduroam Wi-Fi Signal 

 

 
   (off-peak)      (peak) 

Figure 4.3b:- [00:26:3E:B7:EC:02], UoB_Guest Wi-Fi Signal 
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   (off-peak)      (peak) 

Figure 4.3c:- [00:26:3E:B7:EC:04], UoB_Staff Wi-Fi Signal 

 

 
   (off-peak)      (peak) 

Figure 4.3d:- [00:26:3E:B7:EC:06], UoB_Student Wi-Fi Signal 

 
As noticed from the figures 4.3 a-d above, the peak period signals are characterised by regular 

spikes when compared to the corresponding off-peak signal. It would be erroneous to judge from 

these images and as such the data contained will be subjected to analysis. Table 4.1 below presents 

a summary of the statistical contents of the signals above. These include, mean, median, standard 

deviation, etcetera.  

 

 

 



[ANALYSIS OF WI-FI RSSI AS OBSERVED] May 25, 2012 

 

47 

 

Statistical 

Variable 

Eduroam 

[00:26:3E:B7:EC:00] 

UoB_Guest 

[00:26:3E:B7:EC:02]  

UoB_Staff 

[00:26:3E:B7:EC:04] 

UoB_Student 

[00:26:3E:B7:EC:06]  

 Off-Peak Peak Off-Peak Peak Off-Peak Peak Off-Peak Peak 

Min -79 -79 -77 -84 -78 -79 -76 -77 

Max -30 -29 -31 -29 -31 -29 -31 -30 

Mean -35.56 -36.32 -35.87 -36.33 -35.68 -36.55 -35.36 -35.07 

Median -34 -35 -35 -35 -35 -35 -35 -34 

Mode -34 -32 -35 -33 -35 -34 -35 -32 

Std 4.603 5.796 5.06 5.568 4.508 6.046 3.959 4.475 

Range 49 50 46 55 47 50 45 47 

Table 4.1:- Statistical values of RSSI for LRC 

From the table 4.1 above, it can be seen that the minimum levels of each signal often falls short 

during peak periods as compared to the off-peak period. The figures 4.3a-d also show more frequent 

records of very low RSSI in the peak data (min: -79, -84, -79, -77) which is the cause of the mean 

value pulling slightly away from that of the off peak. This basically means that the expected value 

of RSSI during the peak period statistically, is lower than that of the off-peak in the LRC. As 

discussed earlier, the range and standard deviation show the spread of a set of data and basically 

gives more insight to the calculated mean value. In this case, the range and standard deviations are 

seen to increase in the peak measurements of all the signals captured. This indicates that the RSSI 

values in the Off-peak periods are more tightly bound together and around the mean compared to 

the peak period which as seen has more downward spikes hence spread over a wider set of values. 

 

4.1.1 LRC Histogram Analysis 

The figures 4.4a-d below provides further insight into the distribution of the RSSI values within the 

set. Rather than just comparing numbers, the histogram gives a graphic representation of the data 

which helps in having an idea of the spread of the values at a glance. 
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   (off-peak)      (peak) 

Figure 4.4a:- [00:26:3E:B7:EC:00], Eduroam Histogram 

 

 

 

 
   (off-peak)      (peak) 

Figure 4.4b:- [00:26:3E:B7:EC:02], UoB_Guest Histogram 
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  (off-peak)        (peak) 

Figure 4.4c:- [00:26:3E:B7:EC:04], UoB_Staff Histogram 
 

 
  (off-peak)        (peak) 

Figure 4.4d:- [00:26:3E:B7:EC:06], UoB_Student Histogram 

 
Looking at the histograms for the four signals captured, it can be seen that during off-peak periods 

there is always a range of values that dominates. Figures 4.2 a, b, c, d all have dominating RSSI in 

the -30 to -35 ranges and -35 to -40 being the second most frequent range. The rest is scantily 

shared among the other ranges. On the other hand, looking at the off-peak data indicates a slightly 

balanced population between two major ranges. One notable change is that the -35 to -40 ranges 

now marginally dominates the dataset and then closely followed by the -30 to -35 ranges. There are 

also notable increases in the presence of the -40 to -50 ranges of RSSI values recorded which means 

that no values occurs as much as the modal range in the respective off-peak set. Instead there is a 
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slightly fairer distribution. This can be translated into chances of having a certain value because 

there is a better chance of having for example a value within the range -30dBm to -35dBm during 

off-peak periods of the UoB_Student data as it has about 2400 occurrences which is about 4 times 

more than that of the -35dBm to -40dBm range. Same is applicable to the data which see the 

possibility of having the -30dBm to –35dBm significantly drop as it occurs 800 times compared to 

the -35dBm to -40dBm which is now the range with the highest occurrence at almost 1400 time.  

 

4.1.2 LRC Probability Density Function Analysis 

The idea of the possibility of occurrence raised by the data spread of the RSSI values as shown by 

the histogram necessitates the subjection of the data to Probability analysis. The figures 4.5 a-d 

show the probability density function (PDF) plots of the RSSI values as captured in LRC. 

 

 

Figure 4.5a:- [00:26:3E:B7:EC:00], Eduroam Probability Density Function 
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Figure 4.5b:- [00:26:3E:B7:EC:02], UoB_Guest Probability Density Function 

 

 
Figure 4.5c:- [00:26:3E:B7:EC:04], UoB_Staff Probability Density Function 
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Figure 4.5d:- [00:26:3E:B7:EC:06], UoB_Student Probability Density Function 

 
The figures 4.5 a-d above compares the probability density function of the RSSI values from both 

measurements of each Wi-Fi signal. From the illustrations, it can be seen that the curves from the 

peak periods in each slightly levels out thereby reducing its height and increasing width. This can 

be explained by the spread of data in the peak period as described by the histogram and it results in 

the less frequent values of the off-peak period occurring more often in the peak period. To translate 

this to probability, considering figure 4.5a the probability of having a -35dBm RSSI reading is 

about 0.085 during off-peak but falls to about 0.065 during peak period. This drop in probability 

means the value is now less popular due to increase in popularity of another. In this case, the 

probability of having a -45dBm RSSI value increases from 0.01 in the off-peak period to 0.02 in the 

peak period. From all figures 4.5 a – d above, it can be deduced that the data actually does spread 

wider in the peak periods and that probability is a little more fairly shared. To show the 

effectiveness of the probabilities, taking a summation of all the probabilities for each value within 

the range is equal to zero. Due to the large data being handled the individual summation cannot be 

carried out instead, the data will again be subjected to another analysis technique. 
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4.1.3 LRC Cumulative Distribution Function Analysis 

The Cumulative distribution function shown in the figures 4.6a-d below show the probability 

distribution of the data and how they add up as a unit. This is done to further understand the 

probability spread as discussed in the PDF above. Its shows that the various probabilities indicated 

in the PDF actually do add up to one. 

 

 

Figure 4.6a:- [00:26:3E:B7:EC:00], Eduroam Cumulative Distribution Function 
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Figure 4.6b:- [00:26:3E:B7:EC:02], UoB_Guest Cumulative Distribution Function 

 

Figure 4.6c:- [00:26:3E:B7:EC:04], UoB_Staff Cumulative Distribution Function 
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Figure 4.6d:- [00:26:3E:B7:EC:06], UoB_Student Cumulative Distribution Function 

The figures 4.6 a-d above compares the peak data’s cumulative distribution of each signal against 

its corresponding off peak data. This gives an idea of where the major portion of the dataset falls. It 

goes further to explain why as seen in the probability distribution function (PDF) plot, certain 

ranges have higher probabilities. Considering the figures 4.6 a-d above, it can be seen that there are 

two distinct portions of the plots where the graphs overlap in turns. The first part is between             

-40dBm and -35dBm where off-peak leads on the RSSI axis while the peak data leads on the 

Probability axis. This means that the Peak data is characterised by more members of this range 

compared to the off-peak data. The peak data contains higher number of RSSI values within the        

-40dBm to -35dBm range causing this range to possess a higher probability than those of the same 

range in the off-peak data. The second part of the overlap is between the -35dBm and                        

-30dBm where the Peak data now lags the off-peak on the probability axis but leads on the RSSI 

axis. This means that within this range, the off-peak data set now possesses more members 

compared to those of the peak data within the same range. A closer look at the figure4.6a above 

reveals the following information for the ranges. 
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Range Off-Peak probability Peak probability 

(-40 to -36)dBm 0.08 to 0.26 = 0.18 0.12 to 0.48 = 0.36 

(-35 to -31)dBm 0.26 to 1.0 = 0.74 0.48 to 0.98 = 0.5 

Table 4.2:- comparison of LRC data range probabilities 

 

The table 4.2 above shows that although there are higher possibilities of getting RSSI values in the 

range of -35dBm to -31dBm at both peak and off-peak periods, the probability of getting a lower 

value in the range -40dBm to -36dBm at peak periods is double the chances at off-peak. And while 

the chances of having RSSI value in the range -35dBm to -31dBm remains a 50/50 situation at peak 

periods, there is a little more assurance at off-peak with a 74% chance. 

 

 

4.2 THE SOCIAL SPACE 

The figures 4.7a - d and 4.8a – b below are of the pictures taken from a digital camera showing the 

conditions of the social space at peak and off-peak periods. This room holds approximately 50 

people at peak periods, most of who are seated while at off-peak it holds only about 5 people. It is 

less susceptible to interference from other access points as it is an enclosed room. 

 

 

Figure 4.7a:- Social Space Off-Peak1 
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Figure 4.7b:- Social Space Off-Peak2 

 

 

Figure 4.7c:- Social Space Off-Peak3 

 

Figure 4.7d:- Social Space Off-Peak4 
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Figure 4.8a:- Social Space Peak1 

 

Figure 4.8b:- Social Space Peak2 

 

The signals captured are shown below. They will be subjected to the same analysis techniques as 

the data from the LRC. Similarities and differences will be established which will be discussed in 

the concluding parts of this research report. 
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   (off-peak)      (peak) 

Figure 4.9a:- [00:26:3E:12:72:80], Eduroam Wi-Fi Signal 

 

 

   (off-peak)      (peak) 

Figure 4.9b:- [00:26:3E:B5:D7:C2], UoB-Guest Wi-Fi Signal 
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   (off-peak)      (peak) 

Figure 4.9c:- [00:26:3E:B8:D5:44], UoB-Staff Wi-Fi Signal 

 

   (off-peak)      (peak) 

Figure 4.9d:- [00:26:3E:B8:D5:46], UoB-Student Wi-Fi Signal 

The figures 4.9 a- d are the Wi-Fi signals captured in the social space area of the university. This is 

an enclosed area as seen in the pictures provided and from the signal plots presented it is seen that 

at peak periods, each signal lags its off-peak values by approximately 5dBm. As this is an estimate 

value, it cannot be the basis for any argument. To get adequate information from it, the table 4.3 

summarises the statistical properties all six measurements. 
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Statistical 

Variable 

Eduroam 

[00:26:3E:12:72:80] 

UoB_Guest 

[00:26:3E:B5:D7:C2] 

UoB_Staff 

[00:26:3E:B8:D5:44] 

UoB_Student 

[00:26:3E:B8:D5:46] 

Off-Peak Peak Off-Peak Peak Off-Peak Peak Off-Peak Peak 

Min -61 -65 -72 -73 -69 -76 -87 -72 

Max -33 -38 -48 -56 -44 -49 -44 -49 

Mean -40.53 -45.35 -54.81 -63.02 -50.22 -57.46 -50.33 -57.62 

Median -40 -45 -54 -63 -50 -57 -50 -57 

Mode -40 -45 -52 -62 -47 -56 -47 -56 

Std 2.725 2.893 3.234 2.906 3.551 3.444 3.854 3.493 

Range 28 29 24 25 25 28 43 23 

Table 4.3:- Statistical values of RSSI for Social Space 

From the table 4.3 above, it is seen that the minimum and maximum values of the signal at off-peak 

periods represent stronger RSSIs as compare to their peak period values except for the 

UoB_Student whose off-peak minimum is larger than the peak minimum. This can be explained 

looking on the signal plot itself as a single spike is responsible for this. This can easily be attributed 

to an electrical surge or any uncharacteristic influence as this does not carry on over time. However 

a better insight into the performances of these signals can be drawn from their mean values. From 

the table 4.3 above, the expected RSSI values at off-peak periods are estimated to be at least 5dBm 

better off than that of the peak periods and even up to about 9dBm in the case of the UoB_Guest 

signal. It also reveals through the modal values that better signal strength values are recorded more 

frequently in off-peak periods. 

 

4.2.1 Social Space Histogram Analysis 

The figures 4.10a-d below graphically shows the distribution on the RSSI values captured in each 

measurement. The histogram provides an idea of how the data is distributed along different ranges. 
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   (off-peak)      (peak) 

Figure 4.10a:- [00:26:3E:12:72:80], Eduroam Histogram 

 
   (off-peak)      (peak) 

Figure 4.10b:- [00:26:3E:B5:D7:C2], UoB-Guest Histogram 
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   (off-peak)      (peak) 

Figure 4.10c:- [00:26:3E:B8:D5:44], UoB-Staff Histogram 

 
   (off-peak)      (peak) 

Figure 4.10d:- [00:26:3E:B8:D5:46], UoB-Student Histogram 

The histograms shown in figures 4.10a-d above reflect the distribution of RSSI. As show there is a 

shift in the most frequent values at peak and off-peak periods. Consider for example figure 4.10d at 

off-peak RSSI within the range -45dBm to -50dBm are the most popular with the -50dBm to -60 

also noticeably represented leaving the other ranges with fewer occurrences. But at peak periods 

just as it was noticed in the LRC analysis, the data is much more widely spread and there is a 

change in the most frequent RSSI value recorded. This spreading can be seen to have taken its 

effect on the number of occurrences for the dominant range as it reduces from about 1300 at off-

peak to 700 in peak period. The most frequent range now becomes the -56dBm to -58 dBm range 
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allowing other ranges to attain a more visible presence in the data. The fairer distribution as 

discussed earlier causes for a higher possibility of having RSSI values other than the calculated 

mode. 

 

 

4.2.2 Social Space Probability Density Function Analysis 

As discussed earlier, the importance of this technique lies in the exploitation of the idea from the 

histogram. When the data spread changes as shown in the histogram, the chances of getting the 

values also changes. Figures4.11a-d below shows the probability distributions of the measured 

values from each signal. 

 

Figure 4.11a:- [00:26:3E:12:72:80], Eduroam Probability Distribution Function 
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Figure 4.11b:- [00:26:3E:B5:D7:C2], UoB-Guest Probability Distribution Function 

 

Figure 4.11c:- [00:26:3E:B8:D5:44], UoB-Staff Probability Distribution Function 
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Figure 4.11d:- [00:26:3E:B8:D5:46], UoB-Student Probability Distribution Function 

 

The figures 4.11 a-d above shows the comparison between the off-peak and peak probability 

distributions. From the plots, it can be seen that the off-peak plots generally leads on the x-Axis but 

then lags on the probability axis. There is a complete shift in the curve positions which indicates 

that the probabilities of having larger RSSI values increases in the off-peak periods. Again the 

figure 4.11a will be considered where the probability of having a -45dBm RSSI value is about 0.118 

at peak periods and 0.04 at Off-Peak but the probability of having a much better RSSI value for 

example -40dBm is about 0.025 at peak and 0.145 at off-peak. Simply put, there are better chances 

of recording higher RSSI values on the Off-peak rather than on the peak period. This analysis also 

as in the case of the histogram reflects that the off-peak data set contains higher RSSI values 

influences the possibilities of achieving high value RSSI.  
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4.2.3 Social Space Cumulative Distribution Function Analysis 

In the figures 4.12a-d below, the cumulative distribution of the data will be analysed as similarities 

and differences will be checked with the LRC data. 

 

Figure 4.12a:- [00:26:3E:12:72:80], Eduroam Cumulative Distribution Function 

 

Figure 4.12b:- [00:26:3E:B5:D7:C2], UoB-Guest Cumulative Distribution Function 
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Figure 4.12c:- [00:26:3E:B8:D5:44], UoB-Staff Cumulative Distribution Function 

 

Figure 4.12d:- [00:26:3E:B8:D5:46], UoB-Student Cumulative Distribution Function 
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In the figures 4.12a-d above, the peak and off peak data are compared based on their cumulative 

distribution. Just as the case in the LRC cumulative analysis, two distinct ranges will be used to 

explain what this means. Considering the figure 4.12a, the probabilities of having values in the -

50dBm to –45dBm range are about 0.04 at off-peak and 0.4 at peak periods. On the other hand, the 

probabilities of having values within the -40dBm to -35dBm range are about 0.04 at peak periods 

and 0.5 at off-peak periods. This also shows that there are better chances of recording higher RSSI 

values at Off-peak periods. The table 4.4 below is a brief extract from the figure 4.12a. 

 

Range Off-Peak probability Peak probability 

(-50 to -46)dBm 0.01 to 0.05 = 0.04 0.05 to 0.45 = 0.4 

(-40 to -36)dBm 0.48 to 0.098 = 0.5 0.98 to 1 = 0.02 

Table 4.4:- comparison of Social Space data range probabilities 

 

The table 4.4 above indicates that while there’s a 40% chance of recording a value in the range (-50 

to -46)dBm at peak periods, the probability of recording same at off-peak is extremely low at 0.04. 

on the other hand while there is a 50-50 chance of recording a higher range of (-40 to -36)dBm at 

off-peak periods, there is very little chance of getting such good signal strength  with a probability 

of 0.02 at peak periods. Just as the analysis points out in the LRC measurement, this also shows that 

the signals captured at off-peak periods seem stronger. 
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4.3 THE UNITY CAFÉ  

The figures 4.13a - c and 4.14a – d below are of the pictures taken from a digital camera showing 

the conditions of the social space at peak and off-peak periods. 

 

Figure 4.13a:- The Unity Café Off-Peak1 

 

Figure 4.13b:- The Unity Café Off-Peak2 

 

Figure 4.13c:- The Unity Café Off-Peak3 
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Figure 4.14a:- The Unity Café Peak1 

 

Figure 4.14b:- The Unity Café Peak2 

 

Figure 4.14c:- The Unity Café Peak3 

This is a common area open to 3 different floors. As at the peak period considered, approximately 

150 people were present across three floors but only about 80 seated and walking through on the 

café floor. Meanwhile a total of 20 people at off-peak and only 5 in the café area were recorded. 
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The signals captured are as follows. 

 

   (off-peak)      (peak) 

Figure 4.15a:- [00:26:3E:3E:8B:00], Eduroam Wi-Fi Signal 

 

   (off-peak)      (peak) 

Figure 4.15b:- [00:26:3E:3E:8B:02], UoB-Guest Wi-Fi Signal 
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   (off-peak)      (peak) 

Figure 4.15c:- [00:26:3E:3E:8B:04], UoB-Staff Wi-Fi Signal 

 

   (off-peak)      (peak) 

Figure 4.15d:- [00:26:3E:3E:84:C6], UoB-Student Wi-Fi Signal 

As seen in the LRC and Social space signals, there is a notable difference in the signal plots of each 

peak and off-peak plot set. But again this has to be subjected to analysis and again the table4.5 

below. 
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Statistical 

Variable 

Eduroam 

[00:26:3E:3E:8B:00] 

UoB_Guest 

[00:26:3E:3E:8B:02] 

UoB_Staff 

[00:26:3E:3E:8B:04] 

UoB_Student 

[00:26:3E:3E:84:C6] 

Off-Peak Peak Off-Peak Peak Off-Peak Peak Off-Peak Peak 

Min -70 -76 -70 -74 -72 -77 -57 -66 

Max -50 -51 -49 -51 -49 -51 -45 -44 

Mean -55.43 -59.39 -55.42 -59.47 -55.54 -59.61 -50.53 -49.88 

Median -55 -59 -55 -59 -55 -59 -51 -50 

Mode -55 -58 -55 -59 -56 -59 -51 -49 

Std 1.896 3.411 1.879 3.327 1.935 3.494 1.598 2.393 

Range 20 25 21 23 23 26 12 22 

Table 4.5:- Statistical values of RSSI for the Unity Café  

From the table 4.5 the minimum and maximum levels of the signals can be seen to improve in the 

off-peak as compared to the peak values. This basically means that the expected value of RSSI 

during the peak period statistically, is lower than that of the off-peak in the Café just as in the LRC 

and the social space. Range and standard deviations also increase in the peak measurements of all 

the signals captured indicating values in the Off-peak periods are more tightly bound together and 

around the mean compared to the peak period which as seen has more downward spikes hence 

spread over a wider set of values. This is the same as in the cases of the LRC and the Social space 

measurements. 
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4.3.1 The Unity Café Histogram Analysis 

 

   (off-peak)      (peak) 

Figure 4.16a:- [00:26:3E:3E:8B:00], Eduroam Histogram 

 

   (off-peak)      (peak) 

Figure 4.16b:- [00:26:3E:3E:8B:02], UoB-Guest Histogram 
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   (off-peak)      (peak) 

Figure 4.16c:- [00:26:3E:3E:8B:04], UoB-Staff Histogram 

 

   (off-peak)      (peak) 

Figure 4.16d:- [00:26:3E:3E:84:C6], UoB-Student Wi-Fi Signal 

As shown in figures 4.16a-d there is a shift in the most frequent values at peak and off-peak 

periods. Considering figure 4.16a, at off-peak RSSI within the range -56dBm to -54dBm are the 

most popular with the -58dBm to -56dBm also noticeably represented leaving the other ranges with 

fewer occurrences often less than 400 times as compared to 1580 times. But at peak periods just as 

it was noticed in the LRC and Social space analysis, spreading can be seen to have taken its effect 

on the number of occurrences for the dominant range as it reduces from about 1580 at off-peak to 

600 in peak period.  
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4.3.2 The Unity Café Probability Density Function Analysis 

 

Figure 4.17a:- [00:26:3E:3E:8B:00], Eduroam PDF plot 

 

Figure 4.17b:- [00:26:3E:3E:8B:02], UoB-Guest PDF plot 
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Figure 4.17c:- [00:26:3E:3E:8B:04], UoB-Staff PDF plot 

 

Figure 4.17d:- [00:26:3E:3E:84:C6], UoB-Student PDF plot 

 

The figures 4.17 a-d above compares off-peak and peak probability distributions of each signal. 
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There is also a shift in the curve positions which means that the probabilities of having larger RSSI 

values increases in the off-peak periods just as in the cases of the LRC and Social space. 

Considering the figure 4.17a the possibility of recording a value -55dBm RSSI is about 0.05 at peak 

periods and 0.21 at Off-Peak but the probability of having a much lesser RSSI value for example -

60dBm is about 0.12 at peak and 0.02 at off-peak. This translates into better chances of recording 

higher RSSI values on the Off-peak rather than on the peak period. This analysis also as in the case 

of the histogram reflects that the off-peak data set contains higher RSSI values which influence the 

possibilities of achieving high value RSSI.  

 

4.3.3 Social Space Cumulative Distribution Function Analysis 

In the figures 4.18a-d below, the cumulative distribution of the data will be analysed as similarities 

and differences will be checked with the LRC data. 

 

Figure 4.18a:- [00:26:3E:3E:8B:00], Eduroam CDF plot 
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Figure 4.18b:- [00:26:3E:3E:8B:02], UoB-Guest CDF plot 

 

Figure 4.18c:- [00:26:3E:3E:8B:04], UoB-Staff CDF plot 
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Figure 4.18d:- [00:26:3E:3E:84:C6], UoB-Student CDF plot 

 

In the figures 4.18a-d cumulative distribution of both peak and off-peak datasets are compared. Just 

as the case in the LRC and Social Space cumulative analysis, two distinct ranges will be used to 

explain the plot. Considering the figure 4.18a, the probabilities of having values in the -55dBm to –

50dBm range are about 0.54 at off-peak and 0.12 at peak periods. On the other hand, the 

probabilities of having values within the -65dBm to -60dBm range are about 0.3 at peak periods 

and 0.01 at off-peak periods. This also shows that there are better chances of recording higher RSSI 

values at Off-peak periods. The table 4.5 below is a brief extract from the figure 4.18a. 

 

Range Off-Peak probability Peak probability 

(-55 to -50)dBm 0.46 to 1 = 0.54 0.88 to 1 = 0.12 

(-65 to -60)dBm 0 to 0.01 = 0.1 0.03 to 0.33 = 0.3 

Table 4.6:- comparison of Unity café data range probabilities 
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The table 4.6 above shows that although there is a 54% chance of recording a high value in the 

range (-55 to -50) dBm at off-peak periods, the probability of recording same at peak is much lower 

at 0.12. While there is a 30% chance of recording a lower range of (-65 to -60) dBm at peak 

periods, there is a smaller possibility of getting such low signal strength with a probability estimate 

of 0.1 at off-peak periods. This analysis also corresponds with that of those from the LRC and the 

Social Space measurements. 

 

4.3 THE ANALYTIC SUMMARY 

In the course of analysing the data from the various measurements in the experimental process, the 

following trends have been established. 

1) Mean values are lower in most peak measurements compared to the corresponding off-peak 

period. 

 

Figure 4.19a:- Mean values of LRC signals 

 

Figure 4.19b:- Mean values of Social Space signals 



[ANALYSIS OF WI-FI RSSI AS OBSERVED] May 25, 2012 

 

83 

 

 

Figure 4.19c:- Mean values of The Unity Café signals 

2) Modal values in off-peak measurements are usually better/higher than  in peak 

measurements 

 

Figure 4.20a:- Modal values of LRC signals 
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Figure 4.20b:- Modal values of Social Space signals 

 

Figure 4.20c:- Modal values of The Unity café signals 

3) RSSI readings tend to cover a wider range of values in peak period measurement. 

 

Figure 4.21a:- Range of RSSI values for LRC signals 
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Figure 4.21b:- Range of RSSI values for Social Space signals 

 

Figure 4.21c:- Range of RSSI values for Unity café signals 

4) Data is more evenly distributed across ranges in peak periods so much that there is a change 

in the off-peak modal value. 

5) There are higher chances of getting values around the modal value in off-peak period while 

the chances of getting the modal values in peak period are slightly lower as other values 

away from the modal value are well represented. 

6) Chances of recording high RSSI levels are higher in off-peak as compared to the peak 

periods while lower RSSI are more easily encountered at peak periods even when they have 

similar modal values.. 
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CHAPTER 5 

5.0 CONCLUSION 

Wi-Fi is one of the most widely used wireless technologies in the world today but because it 

operates in an unlicensed spectrum, it is often susceptible to interference .In this research project, 

the unstable nature of the received signal strength indicator (RSSI) of Wi-Fi signal is investigated. 

The objectives of the process was to provide an overview of wireless technology (specifically Wi-

Fi), explanation of the RSSI and its variations, signal logging with inSSIDer software, analysis of 

wireless data captured and attribution of results from analysis to real life scenarios. All of these with 

the sole aim of learning about the behaviour of RSSI in different environments. Many researchers 

who have previously studied the behaviour of RSSI under the influence of its environment have 

either not specifically analysed the IEEE 802.11 standard or have done so in controlled 

environments (that is creation of signal for the experimental purpose). The results often fall short in 

real life scenarios. The experimentation carried out in this project utilised existing Wi-Fi 

infrastructure within the University of Bedfordshire so that normal activities are basis for analysis. 

 

Results from experiments show that the mean and modal values decrease in the peak measurement. 

Because each measurement was compared against off-peak measurement taken from the same 

location, it can be concluded that the effect of the peak/off-peak conditions causes degradation 

when people are particularly active in the region and then the signal become stronger when there 

are less obstacles present. It was also seen that the range at peak-periods were larger than at off-

peak indicating that the signal was able to maintain minimal deviations from the expected value 

when less people were around but once the area became populated, it struggled to keep to same 

range and often went considerably beyond the expected values. This in turn leads to the presence of 

more values further away from the expected RSSI value at peak periods indicating that there is a 

wider range of values available hence the possibility of getting lower RSSI value is higher while the 

chances of high RSSI values are better at off-peak periods where the range were discovered to be 

narrower and as such deviations were lesser. The probability graphs from the analysis have shown 

that even when both peak and off-peak measurements have similar modal values, the change in 

range and deviation is inherent and this causes the values to spread in both directions of the mean 

making the peak graph wider and shorter. This results in a lesser probability for the modal value and 
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increased probabilities for values within the new range. 

This research project set out to educate people on WiFi technology, the received signal strength 

indicator and how normal day to day activities may affect its value. After the experimentation 

process, analyses of the results have provided a clearer view of the behaviour of Wi-Fi RSSI in our 

environment according to the level of activities. RSSI performs better when there is less activity 

around. The presence of people either occupying the environment or passing through it adversely 

affects the RSSI value of an access point.  

 

The outcome verifies that Wi-Fi signals are susceptible to multi-path loss as in the earlier chapters. 

Wi-Fi signals are believed to bounce off different surface in a packed environment before reaching 

its destination. Power is lost in this process and poorer RSSI is recorded as opposed to when the 

signal travel with minimal obstacles thereby conserving a good portion of it energy hence high 

RSSI is recorded. 

 

5.1 FURTHER WORK 

Due to limitation of interaction with the access points which are properties of the university, it was 

impossible to physically locate the access point devices as this required climbing up to the ceiling to 

detach and check the device for its printed media access control (MAC) address. This would have 

enabled the incorporation of impact distance has in RSSI value. Future work on Wi-Fi RSSI will be 

considered within similar environment and would tackle the proximity issues. Outside the 

environments considered in this project, further work would be carried out to determine the 

degradation sequence of Wi-Fi RSSI according to a more segmented activity level (that is number 

of people needed for certain losses in dBm) and the effects of temperature and humidity. This would 

allow for more accurate measurements in Wi-Fi based Wireless Sensor Networks as the object or 

people being monitored may in turn be causing inaccurate measurements. 

 

5.2 RECOMMENDATIONS 

From the survey it was noticed that most people feel a high RSSI value (high signal level) 

corresponds to high network performance. This research recommends that people be made aware 

that a high RSSI value may not always indicate a good network as discussed earlier in the preceding 
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chapters. Network planners are encouraged to allow for at least -5dBm when designing or 

implementing a Wi-Fi network in places designed to hold a maximum of 120-150 people as 

summary of the analysis have shown that the difference is close to this amount. 

 

5.3 PERSONAL APPRAISAL AND PROBLEMS ENCOUNTERED 

This project has been an opportunity for me to develop skills as well as acquire knowledge that may 

generally have been impossible to acquire in the classroom. I was a beginner at the use of 

MATLAB and had no experience at all using inSSIDer 2.1. Although the idea of signal strength was 

acquired in the classroom, I gained the main knowledge about received signal strength indicator 

especially that of Wi-Fi from the numerous journals consulted in the course of this project. One 

major problem encountered was the filtering out data captured by the software. This problem was 

resolved by learning how to write programs in MATLAB. I also had the chance to apply theoretical 

statistics ideologies to my data and witness the first hand generation of results.  

With time and resources being a major constraint, I was unable to analyse as much data as I wished. 

The availability of an access point for the sole purpose of this project as well as access to some 

other parts of the university would have enable this report address issues such as humidity, 

temperature and distance. 

It was a big privilege to work on Wi-Fi RSSI. In the course of my research I discovered there is a 

lot of work still to be done in this field and I am very happy for the chance to contribute my efforts 

to the growth. 
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http://www.metageek.net/products/inssider/
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APPENDICES 
APPENDIX 1 

Survey Result 
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APPENDIX 2 

MATLAB Filter files 

 

The script 

fid = fopen('filename'); 
c = textscan(fid, ... 
    '%*s %*s %*s %*s %*s %*s %*s %*s %*s %s RSSI: %s %*s %*s %*s DATET%s %*s %*s 

%*s %*s %*s %*s %*s %*s %*s %*s %*s %*s %*s %*s', ... 
    'Delimiter', '\n', ... 
    'CollectOutput', true); 
fclose(fid); 

 

 

The Line count 

function y = litcount(filename, literal) 
% Search for number of string matches per line.   

  
fid = fopen('1.txt'); 
y = 0; 
tline = fgetl(fid); 
while ischar(tline) 
   matches = strfind(tline, literal); 
   num = length(matches); 
   if num > 0 
      y = y + num; 
      fprintf(1,'%d:%s\n',num,tline); 
   end 
   tline = fgetl(fid); 
end 
fclose(fid); 
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APPENDIX 3 

MSc Project Proposal Form  

AY11/12, Semester 2 
 

Student Number 1018438 

Student Name OLUWASEGUN OLATUNDE OGUNDELE 

Degree Course 
MSC TELECOMMUNICATIONS 
MANAGEMENT 

Supervisor Name PROFESSOR BEN ALLEN 

Title of Project ANALYSIS OF WI-FI RSSI AS OBSERVED 

Description of your artefact  This project is based on the analysis of 
received signal strength indicator value of 
wireless local area networks signals. 
Researchers have stated how RSSI may be 
utilised in Localisation and routing but 
there is no record of a registered pattern 
of behaviour in the near/far field. 

 The main aim is to produce a 
trend/pattern of behaviour of the RSSI 
from Wi-Fi signals with respect to the 
immediate environment. Objectives will be 
achieved by providing an insight to Wi-Fi 
RSSI, capturing and understudying them at 
strategic time and locations around the 
university. 

 The behaviour of Wi-Fi RSSI that will be 
established will be as a result of not less 
than 15 minutes of data captured at any 
point in time. Based on this behaviour, an 
hypothesis will be generated to generalise 
RSSI under the conditions which have been 
set up. 

 This hypothesis will help in proper 
planning when implementing Wi-Fi 
networks as it will address the issue of 
interference. It will also open up new 
avenues for the utilisation of RSSI. 

 A major challenge is the general idea that 
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RSSI is not very important, hence materials 
are limited. Network cards are not 
universally calibrated and the process 
requires a full hands-on approach along 
with specialised software applications. 

What methodology (structured 
process) will you be following 

to realise your artefact? 

 Quantitative research will be carried out 
and bi-variate analysis methodology will be 
used in processing data from experiments. 
This is because people’s opinions will be 
used to establish the usage of Wi-Fi and 
the experiments are subject to two 
variables, (RSSI and interference) 

 There will be control experiments at peak 
periods and near zero periods and this will 
be reflected in data captured. 

How does your project relate to 
your degree course and build 

upon the units/knowledge you 
have studied/acquired  

 Knowledge gained from the wireless 
networking unit is important in the 
project. I have studied digital 
communications, telecommunications 
business environment, and project 
management. These would be vital in 
terms of data processing, innovation and 
resource management respectively. 

Resources  During the course of this project, the 
following resources will be used: 

- insider 2.1 software (open source) 

- Dell in-built wireless network mini card 

- Matlab software 

- Microsoft excel software 

- Some programming tools for data 
processing 

- Academic journals, textbooks, websites 
and conference reports 

Have you completed & 
submitted your ethics form? 

 Yes No 

 

 
APPROVED: PROFESSOR BEN ALLEN 
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APPENDIX 4 
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APPENDIX 5 

 

 

 

Please refer to the attached CD for all the project scripts and files.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



[ANALYSIS OF WI-FI RSSI AS OBSERVED] May 25, 2012 

 

103 

 

APPENDIX 6 

 
 



[ANALYSIS OF WI-FI RSSI AS OBSERVED] May 25, 2012 

 

104 

 

APPENDIX 7 

 

 


