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Abstract - The accuracy of an indoor Positioning System in
determining the location of an asset depends on its quality of
calibration; where sample measurements are taken to allow for
a better accuracy on position calculation through
measurements of the received signal-strength (RSS) and/or the
signal-to-noise-ratio (SNR) between the asset and multiple
setup access points (APs) to obtain the device’s true position.
This paper evaluates the effect of indoor environment
characteristics in calibration quality of an indoor positioning
system based on Ekahau’s Real Time Location System (RTLS).
Site surveys were conducted on selected test beds and the site
maps were calibrated with the Ekahau site survey application.
The different test environments presented different
characteristics that affected their calibration quality which
resulted in considerably high error in asset location positioning
within the building. Findings showed that high blockages
reduce the calibration quality of the indoor location system and
emphasized on physical site surveys and empirical network
planning exercises for congested warehouses.

Keywords: Indoor positioning, calibration, indoor asset location,
environment characteristics.

1. INTRODUCTION

The growth of wireless networking has generated
commercial and research interest in statistical methods to
track people and things which is presently witnessing
massive market demand and huge economic prospects [1],
[2], and has been found very useful inside stores, hospitals,
worship centres, warehouses, and factories, where Global
Positioning System (GPS) devices generally do not work
mainly because the GPS signals cannot provide indoor
coverage as the signals are too weak to realize high precision
and achieve positioning [3], [4].

The GPS however remains one of the most common and
accepted technologies for outdoor positioning although it
becomes infertile given its highly degraded or blocked
satellite signal inside of buildings [5]. This is because GPS
receivers need to ‘see’ at least three (3) satellites which are
relatively well distributed in the sky to calculate its 2D and
3D position. Hence in environments where the sky is
blocked, positioning becomes difficult and in most cases
impossible, making Indoor Positioning Systems (IPS)
pioneered by [6] a ready alternative to provide the much
needed accurate positioning required for indoor purposes.
This service has been further enhanced by the proliferation
of “Wi-Fi” wireless Internet access in cafes, college
campuses, airports, hotels, playgrounds, seminar halls,
market places, homes, museums, and libraries; where
location estimates for wireless devices such as laptop
computers, hand held devices, and electronic badges have

made human and material tracking achievable [7]. Its
performance in an outdoor environment is also of interest as
a Wi-Fi based positioning system can overcome the
shortcomings of blockages associated with GPS. All these
credits have given the indoor location systems the growing
popularity they are having today.

During the last two decades, positioning techniques and
technologies have been strongly researched and developed.
In particular, real-time positioning systems have generated
strong attention given the high impact they might have on
the broad spectrum of applications where ubiquitous
information and services are predominant [8].

Il. LITERATURE REVIEWS

A. Wi-Fi Based Assets Localization Methods

The performance of WI-FI based IPS depends mostly on
two factors namely; the number of the access points (APSs)
and the algorithm followed in the location positioning [9],
the number of access points qualifies the coverage which
defines the received signal strength (RSS) received between
the target asset and the APs while the algorithm defines the
steps applied to ensure the selection of the correct position
of the asset, many of which have been proposed, example is
the use of the Signal to Noise Ratio (SNR) in determining
the data rate and distance from each AP [4]. The received
signal strength (RSS) based approach is a simple and widely
deployed approach for most indoor localization systems in
the market today [10], [11], [12], [13], [14], and [15]. The
RSS is usually measured in decibel-milliwatts (dBm) or
milliwatts (mW) and is useful in the estimation of the
distance between a transmitting device and a receiving
device from the knowledge that the nearer the device the
higher the RSS value. Since it is in an indoor environment, a
simple propagation model can be used to determine the
absolute distance between the APs and the target asset, an
example of such model is found in [10] as

Pl = 10nlog,4(d) + A. 1)

This can be used to determine the absolute distance (d) in
meters, where Pl is the pathloss in dB, A is the RSSI value
at a reference distance from the receiver defined as the
received signal strength indicator (a relative measurement of
the RSS that has arbitrary units and is mostly defined by
each chip vendor [16] at the target asset and n is the path
loss exponent.

There are basically two classification of systems
depending on the RSS as the means of determining the
distance between the transmitter to the receiver, one of such
group are the ones that makes use of dedicated
infrastructures such as ultrasound emissions and the ultra-
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wide band [17], and the other group adopt non-dedicated
technologies like Bluetooth [18], radio frequency
identification (RFID) [19] and wireless local area networks
(WLAN) systems [20]. The non-dedicated technologies
based systems are cheaper than the dedicated infrastructures
although the dedicated infrastructure may provide enhanced
performance but researchers say there might not be
considerable difference in the services to compensate for the
cost of the setup [21].

Using small battery powered Wi-Fi tags on the targeted
assets, the location of the assets can be determined with
proper calibration. Calibration being the process of carrying
out multiple sample measurements between the transmitters
and targets to allow for a better accuracy on position
calculation based on propagation models and wireless sensor
proximity based approaches. RSS calibration methods have
been classified into deterministic and probabilistic
approaches with the deterministic using deterministic
inference methods, such as Triangulation and K-Nearest
Neighbour averaging (KNN) [22] while the probabilistic
approach rely on the likelihood of the target to be in a
position if the RSS is of a given value [23] within its
probability distribution.

Along with the RSS location method, many other methods
have been proposed using the WI-FI system such as the
inertial navigation systems [9], the signal heat map approach
[24], the use of motion history information [25], and
fingerprinting or Scene analysis [26]. This work attempts to
look at the calibration quality using the Ekahua kits in four
locations with different characteristics at the University of
Uyo in Nigeria.

3. METHODOLOGY
A. Brief Description of the Ekahau RTLS System

The Ekahau Real-Time Location System is a wireless
radio frequency (RF) solution that continually monitors and
reports real-time locations of tracked resources. Ekahau's
patented RF modeling technology leverages standard Wi-Fi
access points, so no proprietary infrastructure is needed. By
using standard 802.11 access points and Wi-Fi tags, any Wi-
Fi network can now work as the backbone and sensor
network for a real-time location system. This is because
wireless networks that are used for data and voice service
can provide an excellent platform for building accurate
location-tracking systems which relies on the standard
802.11 wireless networks to deliver a real-time location
system [27]. This is very cost effective for those who
already have an existing Wi-Fi network in place. Ekahau
RTLS, helps in the identification of equipment positions and
people wearing the tags or using mobile devices in the Wi-Fi
network. This information can be readily updated
automatically and can be delivered to other systems and
personnel that require them. The fact that information about
the needed equipment or persons is readily available leads to
cost savings, because the assets can be utilized more
efficiently and the workflow can be optimized. Services
such as the automatic routing of security personnel to the
location where a tag alarm button is pressed or a safety
switch is activated are also incorporated into it.

B. The Components of the Ekahau RTLS
The Ekahau RTLS solution for asset and people tracking
consists of the following integrated components shown in
Table 1, while Figure 1 shows its network design.
TABLE 1
EKAHUA SYSTEM COMPONENT LIST

Component Component Description and Use

Ekahau Positioning | Server software for location tracking,
Engine™ Wi-Fi tag configuration and
management.

Ekahau Site Survey™ Application for creating and editing

positioning models

Ekahau Vision™ End-user application for grouping,
locating and viewing the location of
people and assets in real time, monitor
events, and invoke notifications and

alarms.

Ekahau Wi-Fi Tags Wi-Fi location tag for electronic
identification

Ekahau Positioning | Software based solution to provide
Client location tracking, capabilities for Wi-Fi
enabled devices.

- TAGT301-A
o 192.168.10.3/24 o
Q8 Qs
Channel 1 /V TAGT301-A

192.168.10.241/24 192.168.10.6/24

Channel 11
192.168.10.243/24 \

Ekahua
Vision/Site Survey

TAG T301-A
192.168.10.5/24°Q°

192.168.10.250/24

0

Channel 2
(9)) 192-168.10.242/24 VIAN1
o

EPE
192.168.10.24/24

AG T301-A
192.168.10.7/24

Fig. 1. Network design for Ekahau RTLS test bed

C. Ekahua Equipment Setup Process

The process used in setting up the Ekahau RTLS consists
of setting up the Cisco Access Point, general setup of the
Cisco 2950 Switch, configuring the V-LAN, and then
assigning IP addresses to the constituent devices, activation
and association of the Tags, and the conduct of the site
calibration.

D. Characteristics of the Indoor Test Beds

Four indoor sites were selected as test beds for this work
namely; the Ground Floor Lecture Hall 3 (GD3), First Floor
Lecture Hall 3 (FL3), Computer Laboratory and the
Workshop; all located within the permanent site of the
University of Uyo.
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E. Characteristics of ground floor lecture hall 3 (GD3 Hall)
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Fig. 2. Floor plan of GD3

Figure 2 shows the floor diagram of GD3 hall, it is a 12.02
x 8.73 m? ground floor hall with 8 ceiling fans, 6 fluorescent
bulbs, white board and students’ desks and is located very
closed to the densely populated machine area of the
Workshop. Being on the ground floor of a popular Campus
GD/FL Block, there exist heavy movement of people, and
remarkably high noise level by moving objects like vehicles.

F. Characteristics of first floor lecture hall 3 (FL3 Hall)
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Fig. 3. Floor plan of FL 3

The floor plan of FL3 is shown in Figure 3 and it is a
11.04 x 9.01 m? hall and a student area although being on a
first floor, it is not exposed to a high noise level such as
GD3 from moving vehicles, car horns and human traffic, but
it also has 8 ceiling fans and 6 fluorescent lamps and not
also closed to the workshop area.

G. Characteristics of the computer laboratory
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Fig. 4. Floor plan of the Computer Laboratory

The computer laboratory is relatively far from heavy
machines populated area (workshop) and also separated
from the main halls and invariably exposed to less noise and
movements. It is 14.39 x 10.70 m? and also has 6 ceiling
fans, 6 fluorescent bulbs, and inverters, computers monitors
(CRT), a white board and voltage regulators. It is displayed
in Figure 4.

H. Characteristics of the Engineering Workshop
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Fig. 5. Site floor plan of the Engineering Workshop

The Engineering workshop is shown in Figure 5. It is a
heavily loaded environment filled with machineries such as
Lathe machines, Heavy wattage bulbs, and Guillotine shear
machine, Drilling machine, Welding machines, Power
Inverters, Metallic Vices, Iron Benders and many others. It
is 20.45 x 13.02 m? in size and has ceiling fans and some
fluorescent lightings too. It could be said to be the most
populated machine area in the campus although with
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relatively low human traffic except for students carrying out
their practical during the measurement drive.

I. Site Map Calibration Process

The floor plans were imported into the Ekahua Site Survey
application and scaled to match the physical dimensions of
the sites. The scaled site maps were calibrated and the site
survey metrics were obtained.

This work deployed the fingerprinting method as
supported by the Ekahua systems. The radio maps were
created from the scaled (through physical measurements)
floor plans drawn using 2D AutoCAD. The coverage and
capacity requirements were set up, the WiFi adapters
installed and AP list developed through network scanning.
Passive (signal strength, SNR and ping test) and active (end-
to-end connectivity- like latency, packet drops and AP
roaming) survey parameters were measured and recorded to
form the site map. Poor calibration was tested by switching
off some AP and not covering the entire pixels in the map
during the survey exercise to create survey points. Detail
checks were then carried out and performance analysis
measured by moving tags from place to place to confirm the
quality of the calibration with the view gotten from the
visualization tool of the software. Actual positions of items
were compared to the offline positions of the items using
well calibrated and with poorly calibrated maps. A result of
an intentional poor calibration in the computer laboratory is
as shown in Figure 10.

4. RESULTS AND DISCUSSIONS

A. Calibration Quality Analysis

A good calibration resulted into proper location of the tags
to a high precision on the radio map, while a poor calibration
lead to error in tag placement. The calibration exercise
carried out using the Ekahua application for the different
environment was as presented in section 4.B to section 4.E.

The legends used in indicating the quality of the
calibration depicts a red colouration for low calibration
quality, a yellow colour for a fair calibration and green
colour for a high quality of calibration.

B. Calibration quality of ground floor lecture hall 3 (GD3)
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Fig. 6. Calibration quality — GD3

The map for GD3 in Figure 6 indicates more green fields
showing the achievement of a high calibration in the survey
carried out. Some of the areas tested showed a fair quality of
calibration as indicated by the yellowish colourations.

C. Calibration quality of first floor lecture hall 3 (FL3)

Fig. 7. Calibration quality — FL3

The calibration quality shown in Figure 7 for FL3 showed
a remarkably good quality of calibration in the entire map
which gives an indication of a high quality of the RSS in
these areas.

D. Calibration quality for the Computer Laboratory

— L . e
Fig. 8. Calibration quality — Computer Laboratory
As shown in Figure 8, the two zones measured in the

Computer Laboratory showed a considerably high
calibration quality with poor calibrations recorded at the
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fringes of the measure space. The visible purple colour is a
result of the superimposed colours at the zones.

E. Engineering Workshop — calibration quality

. [ i T
Fig. 9. Calibration Quality — Workshop

The map in Figure 9 shows the calibration quality of the
signals captured in the workshop; it has many areas with red
colours interpreting low calibration in those areas. Most of
the fields coloured red are restricted areas especially the
rectangular portion (Welding Bay) at the top-left corner
guided to prevent accidents to operators. Less movement of
people takes place at these areas; some are no walk-throughs
with serious obstruction to the WiFi signals. Tags that fall
within the green portion will have better location accuracy
on radio-map while those within the red areas will
experience poor location accuracy. Unlike the other three
test beds, The Engineering Workshop is prone to
electromagnetic interference (EMI) and signal obstructions
having different machining processes running as at the time
of the measurement.

F. Effects of a poorly-calibrated map on asset tracking
Although Wi-Fi systems were not developed for
positioning, its radio signals is being used for location
estimation by understanding the relationship between the
Received Signal Strength (RSS) and distance, this gives
adequate predictions as regards the position of a target asset
like notebook computers, smartphones and personal digital
assistants (PDA) or any device or persons wearing a Wi-Fi
enabled mobile devices generally referred to as Tags. Tags
are placed on devices to track them and the accuracy of such
asset location greatly depends on the calibration quality.
Location fingerprinting is considered to be more reliable
than dependent only on the RSS as there may be situations
where there exist a change in the propagation characteristics
of the environment as a result of many factors such as
human movement, increase generated noise floor or as a
result of reflection, diffraction and scattering of the signals
hitting on objects. Hence fingerprinting deploy the use of a
radio map which is constructed by measuring the RSS at a
number of known locations called calibration points and

comparing the measured RSS of the target with the radio
map to estimate target location.
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Fig. 10. Effect of a Poorly-Calibrated Map

A poorly calibrated map therefore will provide a wrong
benchmarking to the RSS and results in error in the
prediction of a target location. This was confirmed with a
deployment in the computer laboratory test bed. A poor
calibration was carried out and used to estimate the position
of a tag as shown in Figure 10. The position of the tag was
wrongly estimated due to poor calibration deliberately
caused by introducing reflectors on the benches which were
later removed after the calibration. Figure 9 also shows the
radio map of the workshop whose coverage was affected
badly due to blockages of the signal path by the machines.
Items places in areas with poor coverage indicated by the red
colouration will be difficult to correctly be detected and be
located.

5. CONCLUSION

As the use of indoor positioning system continues to grow
wider since the GPS cannot provide the indoor users with
the positioning accuracy they need for room-level tracking
as Global Navigation Satellite Systems (GNSS) services are
hardly ever available indoors due to the inability of satellite
signals to penetrate walls and roofs, there is great need to
evaluate the best methods of providing good accuracy in the
real time estimation of asset location using the most
affordable method of Wi-Fi calibration. This work looked at
the importance of good calibration and the effects of some
interfering sources in calibration quality and using the four
testbeds studied, the first three (3) testbeds of GD3, FL3 and
the computer laboratory exhibited better accuracy as the
calibrated radio map showed better performance. This was
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not the case with the heavily blocked multipath area of the
workshop which had poor performance. These results
confirmed that tags perform best in open environments
where there is not much distortion in the propagation of RF
signals [28] and therefore suggest a more detailed network
coverage planning in heavily congested and EMI prone
areas.
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