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ABSTRACT: 
 
Enhanced-positioning systems are able to support the acquisition of accurate location information using wireless technology other 
than the Global Positioning System (GPS). These systems have the potential to supplement GPS where GPS is unreliable. In particu-
lar, enhanced-positioning systems can provide location information for navigational support and Location Based Services (LBS) in-
doors and in dense urban canyons and natural environments with extreme relief. The emergence of LBS and the widespread adoption 
of GPS-based navigation systems are largely a result of the accuracy with which GPS devices can determine location. The purpose of 
this study is to validate Wireless internet access points (WiFi APs) for determining location. This research follows three steps: 
1.establish the accurate WiFi position for APs; 2. plot transects of signal strength for APs; and 3. interpolate a campus signal strength 
map from transect data for the University of Saskatchewan campus and validate that map. This is the first step towards the develop-
ment of a non-GPS location system that can provide accurate location in a fashion that can be seamlessly integrated with GPS. 
 

1. INTRODUCTION 
 

Navigation and wayfinding are a routine part of our daily life. 
Navigation can be described as purposeful locomotion to reach 
a destination through space (Montello, 2005). Wayfinding is a 
special case of navigation; wayfinding is the motivated and 
goal-directed process of selecting a path to a destination 
(Golledge, 1999). Navigation technology based on GPS posi-
tioning has become increasingly ubiquitous as we strive for ef-
ficient and successful wayfinding (getting places without get-
ting lost). These technologies represent the most recent in a 
long line of innovations throughout history that have altered 
navigation and wayfinding process. For example, the introduc-
tion of the internal combustion engine increased locomotion 
range and dramatically reduced travel time. Additionally, rapid 
urbanization and the changing urban landscape put additional 
stress on our wayfinding abilities. In order to make people’s lo-
comotion safer, cheaper Global Navigation Satellite System 
(GNSS) have become popular. 
 
Location aware devices have primarily emerged over the past 
15 years. Just as the removal of selective availability by Presi-
dential decision directive in 1996 ushered in an era of dramatic 
growth in the use of personal GPS devices, the emergence of 
GPS-enabled smartphones have made location an area of com-
mercial development (Clinton, 2000). Location Based Services 
(LBS) and the widespread adoption of GPS-based navigation 
systems have their genesis in the accurate and reliable nature of 
the certainty with which GPS devices can determine location. 
While navigation might be considered a special of LBS, in gen-
eral LBS are associated with delivering information regarding 
commercial, public, and other services in the area surrounding 
the user to a mobile device (Steiniger et al., 2006). As a result, 
location has become a viable starting point for software devel-
opment targeting handheld devices. Cell phone operating sys-
tems including Android, iPhone, and Windows Mobile are mak-
ing it easier for software developers to integrate a person’s 
current location into information retrieval and delivery. How-
ever, due to the relatively weak radio signal upon which GPS 

relies it is generally unavailable in indoor environments. Such 
environments include institutions (hospitals, universities), con-
sumer and residential spaces (shopping centres, sprawling 
apartment complexes), and industrial and commercial buildings. 
The lack of GPS service in such environments may increase the 
cost and time to travel to unfamiliar indoor places. Therefore, 
the development of new location systems that can function with 
GPS-like accuracy in areas that GPS does not work is central to 
the extension of LBS into such environments (Borriello et al., 
2005). 
 
Many mobile devices, such as cell phones, smartphones, Per-
sonal Handheld Assistants (PDA), and laptops already provide 
LBS relying on GPS-based location as well as more uncertain 
location derived from WiFi or cellular based systems. Uncer-
tainty and the consumers’ lack of awareness of it are problems 
that must be addressed before widespread deployment of non-
GPS location systems can be realized. It seems apparent that the 
viability of any non-GPS system (including GPS’s soon to be 
available European counterpart, Galileo) dependes on achieving 
the location accuracy of GPS (sub-10 metre accuracy).  
 
The technologies (WiFi, cellular, and Bluetooth) that could 
theoretically provide EPS have strengths and weaknesses. 
While it is well known that GPS does not work indoors or in ar-
eas with limited line of sight to the sky (urban and natural can-
yons), it is this limitation that makes the development of EPS so 
enticing. In general positioning systems’ limitations fall into 
five categories: 1. non-global coverage, 2. accuracy, 3. security, 
4. signal confusion, and 5. power consumption. Considering 
each location system in turn (GPS included) their weaknesses 
include: 
 GPS (signal confusion and power consumption): GPS has 

a significant advantage in terms of positioning accuracy 
and reliability in outdoor settings but is unreliable indoors 
and in dense urban and natural canyons because of signal 
multipath, scattering, and attenuation (Zhou, 2006).. This 
Delays in signal acquisition may consume more power 
than systems relying on local signals. (Weyn and 
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Schrooyen, 2008). Futhermore, when a GPS-enabled de-
vice is in indoors it is continuously looking for visible sat-
ellites, consuming precious battery power. 

 Assisted GPS (signal confusion): Assisted GPS (A-GPS) 
integrates GPS functionality with cell phone technology 
(Weyn and Schrooyen, 2008). A-GPS takes measurements 
of signals from nearby cell phone towers and reports time 
and distance readings back to the network. It uses these to 
determining an approximate location as an initial step to-
wards collecting visible satellite information. For this rea-
son, A-GPS doesn’t need to acquire visible satellite infor-
mation for preliminary location determination (Zandbergen, 
2009). Although A-GPS is less accurate than a conven-
tional GPS it is suitable for mobile devices as it is faster 
and consumes less power. 

 GSM (accuracy and security): the Global System for Mo-
bile communication (GSM) is a digital cellphone protocol 
used around the world. However, since the technology was 
developed to support telecommunication the nominal array 
of towers through which a device communicates is sparse. 
The optimal array (from an economic perspective) would 
be the minimum number of towers to cover the expected 
number of users and call volume. The relatively long range 
of communication, compared with WiFi and Bluetooth, re-
sults in substantial location uncertainty. Even when two 
towers are within range the area over which a user’s possi-
ble location resides is quite large. Furthermore, since cell-
phones requires two-way communication a users’ identity 
is also communicated, presenting security issues. 

 Bluetooth Technology (non-global coverage): Bluetooth 
wireless technology was developed as a global standard for 
short-range data transfer between devices (Bluetooth, 
2010). This technology provides a high level of security 
between pairs of devices. In order to maintain lower en-
ergy consumption Bluetooth’s maximum data transfer rate 
is 1Mbps. Bluetooth is essentially a cable-replacement pro-
tocol with a short-range (Madhavapeddy and Tse, 2005). 
Bluetooth technology in most mobile devices has a range 
of less than 10meters. A Bluetooth system would require 
an AP array much more dense than WiFi.  

 WiFi Technology (accuracy, signal confusion, and secu-
rity): WiFi represents a wireless connection between a 
WiFi enabled device and wired internet server through dis-
tributed APs. Many indoor environments use WiFi as the 
primary wireless data transfer infrastructure. 
(Prasithsangaree et al., 2002). In particular, IEEE 802.11 
b/g/a/n represent standard WiFi protocols defined by raw 
data transfer rate and signal frequency. For indoor LBS, 
WiFi is a common technology for localization (Weyn and 
Klepal, 2009). However, most WiFi-based LBS fail to pro-
vide acceptable accuracy. WiFi-based services also have 
potential risks including location spoofing and location da-
tabase manipulation attacks (Tippenhauer et al., 2009).  

 
 

2. NECESSITY OF ENHANCED POSITIONING 
SYSTEM (EPS) 

 
EPS has the potential to fill gaps in the currently available GPS 
technology and to provide accurate location information by tak-
ing advantages of wireless technology. Many existing LBS use 
WiFi technology as an alternative indoor positioning source; 
unfortunately most of them fail to provide sufficient accuracy or 
clearly communicate levels of location uncertainty (Gallagher et 
al., 2009). For example, Skyhook provides a widely used hybrid 
positioning system that combines GPS, GSM, and WiFi posi-

tioning for mobile devices, such as laptops, PDAs, and smart-
phone, (SkyhookWireless, 2010). A WiFi-based positioning sys-
tem relies on gathering accurate AP Ids and locations for use in 
determining a devices current location (Jones et al., 2007). Sky-
hook (and others) has been collecting 802.11 WiFi AP location 
information and measure signal strength through web-based up-
dates (users entering X, Y coordinates of APs), purposefully 
signal detection to determine AP location (“wardriving”), and 
passive signal detection and communication with Skyhook.  
 
Wardriving is the process of evaluating the availability of WiFi 
networks through passive data collection. Wardriving is primar-
ily preformed in urban areas with dense WiFi availability. Gen-
erally the wardriving process involves capturing signal strength 
and determining AP location; most wardriving integrates GPS 
(Kim et al., 2006). The estimated location of both APs and sig-
nal fingerprints may increase the error for determining locations 
estimated location may differ from true. This in turn causes 
problems for current location determination that rely on triangu-
lation or trilateration, both of which depend on the discrete lo-
cation of APs. The error between the estimated and true location 
of APs location and reference point will increase uncertainty in 
any location relying on such AP locations. 
 
Skyhook Wireless is an example of a commercial enterprise col-
lecting AP locations and integrating it with wardriving data. The 
primary method relies on consumer participation and is a good 
example of Volunteered Geographic Information (VGI) 
(Goodchild, 2007). Anyone ca enter AP information on Sky-
hook’s webpage, including Media Access Control (MAC) ad-
dress, and geographic coordinates. However, there are several 
issues. First, the collected information could contain unreli-
able/false information because there is no requirement or re-
striction for submitting one’s own AP information. Submitted 
information could be intentionally falsified. Furthermore, the 
submitted AP/router information can change over time and is 
only updated if a user takes the time to do so. In particular, 
MAC addresses are the unique identity for each AP but its ad-
dress can be easily replaced (Tippenhauer et al., 2009). Second, 
if someone only has limited knowledge about either a WiFi 
AP/router or geographic coordinate system, there is a higher 
likelihood of providing incorrect information. Finally, Sky-
hook’s map-based data entry system (Figure 1) does not provide 
a particularly high resolution map. Skyhook Wireless explains 
that they are constantly updating and optimizing their position-
ing determination method and reference database, which con-
tains information regarding APs location and signal strength 
(Morgan et al., 2006). However, their optimized process might 
not find all critical errors.  
 

 
 

Figure 1. Skyhook ‘Submit a Wi-Fi Access Point’ Page 
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Figure 3. A Spreadsheet for Access Points Information 
 
Access Points Location Mapping 
 
All base maps and CAD-drawn blueprints for all campus build-
ings from FMD were georeferenced to ‘NAD 84 UTM Zone 13 
North coordinate system with ArcGISTM. Once a georeferenced 
image was produced it was used to locate APs on the campus 
map. Individual APs in blueprints were digitized as point fea-
tures and digitized points were compared with spreadsheet in-
formation. There were several missing APs and some APs loca-
tion descriptions were different. Visual inspection of APs was 
performed to ensure that digitized APs were correct and placed 
in the correct location. While visual inspection was performed, 
AP MAC addresses were also validated for all sources (spread-
sheet and georeferenced and digitized maps). 
 
4.2 Signal Strength Transects 
 
Raw signal strength data was collected for the campus core area 
and was performed along transects in four orthogonal paths 
starting from each AP location (Figure 4). Signal strength col-
lected from hallways, bridges, and tunnels from indoors and 
along paths as dictated by plotted transects. The Panasonic CF-
T5 personal laptop running with ‘Windows XPTM Professional 
Service Pack 3’ was used for the data collection. The laptop’s an 
Intel® Wireless WiFi Link 4965 ABG (802.11 a/b/g) wireless 
card. 
 

 
 

Figure 4. Warwalking Path 
 
Netstumbler 0.4.0 was used for detecting available WLAN ser-
vice and collecting WiFi signal strength data (Figure 5). 
Netstumbler observes all APs within the wireless card’s visible 

range (Li et al., 2007). It does this by ”pinging” nearby APs and 
“listening” to the return message from the router to find the sig-
nal strength and of the surrounding WLAN.  
 

 
 

Figure 5. NetStumbler Windows 
 
Data Collection 
 
Signal strength data was collected continuously along each tran-
sect from all visible APs to the laptop. However, the raw data, 
which was recorded by Netstumbler didn’t contain spatial in-
formation. Spatial and signal strength data were integrated after 
data was collected: Starting and ending points for each transect 
were determined then X-Y coordinates were digitized  for each 
point in ArcGIS. This allowed for the conversion of Netstum-
bler data into a mappable GIS format. All collected data was 
converted to point data for each transect. A Python scripts was 
used for converting text file from Netstumbler into a shape file. 
 
4.3 Interpolate campus signal strength to 1 meter grids 
 
Data collection resulted in more than 100 reference points for 
each AP. These points only showed the WiFi signal strength 
changes along the experimental path.  
 

 
 

Figure 6. WiFi Availability 
 
From this raw data the estimated WiFi coverage was established 
through spatial interpolation. Inverse Distance Weight (IDW) 
was used as a method of interpolation to estimate signal 
strength across campus. IDW estimates each cell’s values by 
averaging the values of collected data points in the neighbour-
hood of each cell (McCoy and Johnston, 2002). The closer cells 
have more influence or weight (higher average value) than more 
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distant cells (see figure 6 for the resulting signal strength map).  
 
 

5. RESULTS 
 
The purpose of producing a WiFi coverage map is to validate 
the distribution and consistency of the WiFi network on campus. 
Measurements were made across the campus to allow for a 
comparison with interpolated WiFi signal strength in the core 
area of wireless coverage. A set of measurements collected with 
the same device used on transects was used for validation. A to-
tal of thirteen measurements were collected from twelve differ-
ent positions in both outdoor and indoor settings (Figure 7).  
 

 
Figure 7. Validation Points Location 

 
Seven measurements were collected outside of buildings around 
campus and five measurements were collected from inside a 
single campus building where we anticipated interference from 
its structural complexity. Each validation position received sig-
nals from 2 to 11 APs. Each set of measurements consists of 30 
seconds of data collected at a 1 second sampling interval.  
 

 
 
Figure 8. Comparison signal strength between validation points 
and IDW map. (Max, Min, & Average: reading from validation 

points, IDW: reading from IDW map) 
 
After analyzing all validation points, there were some interest-
ing differences between the actual reading of signal strength 
and estimated signal strength (IDW) (Figure 8). For indoor 
validation points, the values in IDW maps and the values from 
reference points matched quite well. IDW appeared to provide 
quite good estimation for indoor environments but was less ac-
curate for outdoor spaces. Furthermore, our software and data 

collection methods appeared to generate more outliers in out-
door settings. WiFi measurements in outdoor environments 
could be affected by signal interference or the presence of other 
wireless devices that are not part of the formal campus network. 
Validation of the coverage map is important to the development 
of optimized algorithms for EPS with high efficiency and cer-
tainty.  
 
 

6. CONCLUSIONS AND FUTURE WORK 
 
EPS is designed for spaces in which GPS cannot provide reli-
able location information. EPS has the potential to provide 
seamless positioning service in indoor and outdoor environ-
ments. The evolution of mobile devices places high demand on 
new functionality; the proposed system can be used as an addi-
tional feature on WiFi enabled smartphones. One of the criteria 
for a system based on our research is that the navigation device 
with EPS communicates with an external server in order to ac-
cess spatial and non-spatial information regarding APs. A de-
sign that accesses an external database reduces demand on a de-
vice’s processor. The obvious drawback is that the application 
requires a connection to the server to determine current location 
based on employed positioning algorithms (however, this latter 
task could also be performed off-device at the server).  
 
WiFi-based EPS has many potential benefits for developing in-
door location aware services. First, EPS doesn’t need to employ 
any special infrastructure for its service. Once EPS is success-
fully deployed, it may trigger the proliferation of EPS related 
services and software because of the extensive availability of 
WiFi and flexibility of software-based applications. Further-
more, EPS can provide location aware service without requiring 
additional hardware; the user simply downloads the software-
based application to their mobile devices. Finally, EPS can de-
liver location information to the user with certainty and consis-
tency both indoors and outdoors. 
 
An interesting result of the WiFi validation process is the differ-
ence between indoor and outdoor locations. Reduced accuracy 
outdoors is likely the result of interference from buildings and 
other structures. Fortunately these are the environments in 
which GPS can provide reliable and accurate location informa-
tion. Future work should help explain the differences in location 
in different types of environments. Such research can help move 
EPS from limited implementation with questionable accuracy to 
one which can be seamlessly integrated with GPS. 
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