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Abstract— In this paper, an empirical research
on the development of a web application for realtime asset location management system in indoor
setting is presented. Specifically, the detailed
development of selected key mechanisms of the
system is presented. One, the real time indoor
asset position detection used trilateration
technique to determine the position of assets in
indoor areas. Based on this concept, a minimum
of three wireless network access points (APs) are
used to determine the position of the assets in the
x and y coordinates. Three test beds at the main
campus of the University of Uyo, Uyo, were
carefully selected for the study and they include
the computer laboratory, FL3 classroom and
engineering workshop. The Ekahau real time
location software was used to accomplish the
calibration of the test beds. Sample data were
used to demonstrate the application of the
mechanism in the real-time asset location
management web application. The sample asset
location detection and tracking performed in each
of the selected test beds showed that the x and y
location coordinates (in meter) for the asset in
each of the test beds are as follows; Computer
Laboratory ( 4.36 , 2.55), FL3 Classroom ( - 1.25,
2.24) and Engineering Workshop ( 4.69, 2.18). Two,
the other salient mechanisms presented are geolocation mechanism and geo-fencing mechanism.
The geo-location mechanism uses the GPS
location coordinates of the asset to visualize the
asset’s location on Google map. In addition, geofencing mechanism is used to mark and track the
asset location and movement within and outside
the designated indoor region of interest. Sample
Google map-based screenshots for the results
from
the
geo-location
and
geo-fencing
mechanisms were also captured as part of the
results in the paper. In all, the paper demonstrates
the application of electronic and software tools to
monitor and track the location of asset in realtime.
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I. Introduction
Nowadays, assets tracking is one of the most attractive
technologies. Various technologies are currently used for
tracking assets. Particularly, the Global Positioning
Systems (GPS) is mainly used for outdoor environment
assets tracking applications [1,2,3,4,5]. However, the nonsuitability of GPS in indoor conditions because of its nonline of sight (NLOS) conditions and signal attenuation has
led to several other techniques for indoor positioning. This
work proposes a real-time asset location management
system for indoor environment [6,7,8]. Essentially, in this
paper, some key mechanisms employed in a web
application for real-time asset location management system
for indoor environment are presented. One of the key
mechanisms is the trilateration localization technique that is
used to determine the asset two dimensional location
coordinates (x and y coordinates of) within a given test bed
area [9,10,11,12,13,14,15,16].The trilateration localization
technique estimates an object position based on measured
distances of the object from multiple reference points [10,
14, 17, 18]. In this paper the reference points are wireless
network access point and the asset is represented by an
electronic tag attached to the asset. The electronic tag uses
wireless network signal to interact with the network access
points, thereby disclosing essential parameters that are used
to determine the exact location of the asset. In this paper,
the distance of the object is estimated using the measured
signal strength received from the electronic tag attached to
the mobile object (asset).
In addition, the real-time asset location management system
uses geo-location technology [19, 20, 21] to capture GPS
location coordinates of asset in real-time, store the GPS
coordinates and visualize the locations of the assets on
Google map. Furthermore, geo-fencing technology
[22,23,24] is also used in the location management system
to monitor and give alert when the asset is being taken
beyond a defined geographic area. In the succeeding
sections, the detailed mathematical expressions for the
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trilateration localization technique are presented along with
flowchart or procedure for the geo-location and geo-fencing
of asset location. Also, results of sample asset location
determination using trilateration localization technique are
presented. Again, screenshots showing the results of the
application of the trilateration localization technique, geolocation and geo-fencing techniques in a real-time asset
location management web application are presented.
II. METHODOLOGY
A. TRILATERATION TECHNIQUE
The real-time outdoor location management system
considered in this paper entails using geolocation
technology to capture GPS location coordinates of asset in
real-time, storing the GPS coordinates and visualizing the
location on Google map. Furthermore, geo-fencing
technology is also used in the asset location management
system to monitor and give alert when the asset is being
taken beyond a defined geographic area. Most importantly,
the asset location management system
relies on a
localization algorithm to determine the exact location of an
asset. The localization algorithm in the study work is the
trilateration localization technique. This is based on the
laterations process. Considering the basic formula for the
general expression for a sphere as shown in Equation (1);
𝑑2 = 𝑥 2 + 𝑦 2 + 𝑧 2
(1)
For a sphere centred at a point ( 𝑥𝑎 , 𝑦𝑎 𝑎𝑛𝑑 𝑧𝑎 ), the
Equation is simplified as shown as in Equation (2);
𝑑 2 = (𝑥 − 𝑥𝑎 )2 + (𝑦 − 𝑦𝑎 )2 + (𝑧 − 𝑧𝑎 )2 (2)
Consider the three anchor nodes (a, b and c) with distance
(da , db and dc )to the blind node as shown in Figure 1.

dc 2 = 𝑥 2 − 2𝑥(𝑥𝑐 ) + (𝑥𝑐 )2 + (𝑦)2 − 2𝑦(𝑦𝑐 ) + (𝑦𝑐 )2
(8)
Equations (6), (7) and (8) are independent non-linear
simultaneous equations which cannot be solved in a closed
form. However, using method proposed by Dixon [26] to
obtain the radical plane for sphere intersection, Equation (8)
was subtracted from Equation (7) to get the following linear
Equation:
db 2 − dc 2 = 2𝑥(𝑥𝑐 − 𝑥𝑏 ) + (𝑥𝑏 )2 − (𝑥𝑐 )2 +
2𝑦(𝑦𝑐 − 𝑦𝑏 ) + (𝑦𝑏 )2 − (𝑦𝑐 )2
(9)
Also, subtracting Equation (6) from Equation (7), the
following linear Equation is obtained:
db 2 − da 2 = 2𝑥(𝑥𝑎 − 𝑥𝑏 ) + (𝑥𝑏 )2 − (𝑥𝑎 )2 +
2𝑦(𝑦𝑎 − 𝑦𝑏 ) + (𝑦𝑏 )2 − (𝑦𝑎 )2
(10)
Rearranging Equation (9) gives:
𝑥(𝑥𝑐 − 𝑥𝑏 ) + 𝑦(𝑦𝑐 − 𝑦𝑏 ) =
(db 2 −dc 2 )−((𝑥𝑏 )2 −(𝑥𝑐 )2 )+((𝑦𝑏 )2 −(𝑦𝑐 )2 )

= 𝑉𝑎
(11)
2
Again, rearranging Equation (10) gives:
𝑥(𝑥𝑎 − 𝑥𝑏 ) + 𝑦(𝑦𝑎 − 𝑦𝑏 ) =
(db 2 −da 2 )−((𝑥𝑏 )2 −(𝑥𝑎 )2 )+((𝑦𝑏 )2 −(𝑦𝑎 )2 )

= 𝑉𝑏
(12)
2
Resolve Equation (11) and Equation (12) to gain the
intersection point ‘x’ and ‘y’ of the two equations gives:
𝑉𝑏 (𝑥𝑐 −𝑥𝑏 )−𝑉𝑎 (𝑥𝑎 −𝑥𝑏 )
𝑦 = [(𝑦
(13)
)(𝑥
)]−[(𝑦
)(𝑥
)]
𝑥=

𝑎 −𝑦𝑏
𝑐 −𝑥𝑏
𝑉𝑎 −𝑦(𝑦𝑎 −𝑦𝑏 )

(𝑥𝑐 −𝑥𝑏 )

𝑐 −𝑦𝑏

𝑎 −𝑥𝑏

(14)

The values for x and y gives the accurate position in 2D [9].
B.
GEOLOCATION AND GEOFENCING OF ASSET
LOCATION COORDINATES FOR OUTDOOR
ASSET LOCATION MANAGEMENT
Due to the challenges of interfacing with the
available proprietary Ekahau [25] and geolocation data
output from mobile devices, a laptop was used to
implement a typical interface between the asset location
management software (ALMS) and the asset location
coordinates capturing technologies. Typically, the laptop
with internet access provides the geolocation service and
furnishes the ALMS with the geolocation coordinates. In
turn, the ALMS process the geolocation data and renders it
on a Google map as well as on a tabular view. The interface
is shown in Figure 2.

Figure 1: Intersection of three spheres in two-dimensional
(2D)
Then, the distances, (da , db and dc ) for the spheres in a
2D (X and Y) plane are given as:
Sphere A;
da 2 = (𝑥 − 𝑥𝑎 )2 + (𝑦 − 𝑦𝑎 )2
(3)
Sphere B;
db 2 = (𝑥 − 𝑥𝑏 )2 + (𝑦 − 𝑦𝑏 )2
(4)
Sphere C;
dc 2 = (𝑥 − 𝑥𝑐 )2 + (𝑦 − 𝑦𝑐 )2
(5)
Equations (3), (4) and (5) when further expanded gives:
da 2 = 𝑥 2 − 2𝑥(𝑥𝑎 ) + (𝑥𝑎 )2 + (𝑦)2 − 2𝑦(𝑦𝑎 ) + (𝑦𝑎 )2
(6)
db 2 = 𝑥 2 − 2𝑥(𝑥𝑏 ) + (𝑥𝑏 )2 + (𝑦)2 − 2𝑦(𝑦𝑏 ) + (𝑦𝑏 )2
(7)
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𝑉𝑏 = V2

=

2

2

(db 2 − da 2 ) − ((𝑥𝑏 )2 − (𝑥𝑎 )2 ) + ((𝑦𝑏 ) − (𝑦𝑎 ) )
2

𝑉𝑏 = V2

(1.422 – 1.012) – (1.92 – 2.12) – (2.22 − 2.82)
2
4.7963
𝑉𝑏 = V2 =
= 2.40
2
From the expression given in Equation 13
=

𝑦=

𝑉𝑏 (𝑥𝑐 − 𝑥𝑏 ) − 𝑉𝑎 (𝑥𝑎 − 𝑥𝑏 )
[(𝑦𝑎 − 𝑦𝑏 )(𝑥𝑐 − 𝑥𝑏 )] − [(𝑦𝑐 − 𝑦𝑏 )(𝑥𝑎 − 𝑥𝑏 )]

𝑦

2.4(5.25 – 1.9) – 20.97(2.1 – 1.9)
(2.8 – 2.2)(5.25 – 1.9) − (4.7 – 2.2) (2.1 – 1.9)
3.846
𝑦=
=
2.55m
1.51
Also, from Equation 14
𝑉𝑎 − 𝑦(𝑦𝑎 − 𝑦𝑏 )
𝑥=
=

Figure 2: The flowchart for the Geo-location and Geofencing of asset location
III. RESULTSAND DISCUSSION
A.
RESULTS OF THE TRILATERATION
LOCALIZATION
In this paper, three test environment were used and
the three test beds are located in faculty of
Engineering at the main campus of University of
Uyo, Akwa Ibom State. The test beds include
:computer laboratory, FL3
classroom and
Engineering Workshop.
B.
COMPUTER LABORATORY :RESULTS OF THE
TRILATERATION LOCALIZATION
Data were taken from three access points AP1,
AP2, and AP3.
For AP1,
AP2
AP3
x1 =𝑥𝑎 = 2.1m x2 = 𝑥𝑏 =1.9m
x3= 𝑥𝑐 =5.25m
y1 = 𝑦𝑎 =2.8m y2= 𝑦𝑏 =2.2m
d1= 𝑑𝑎 =1.01m d2 = 𝑑𝑎 =1.42m
d3 = 𝑑𝑐 =1.13m
Wherex1, x2, and x3 are the distance in the x co-ordinate; y1,
y2 and y3 are the distance in the y co-ordinate; and d1, d2
and d3 are the distances between the transmitter and
receiver. From the expression given in Equation 11 and the
data taken from three access points AP1, AP2, and AP3,
then;
𝑉𝑎 = V1
2

=

2

2

2

2

2

(db − dc ) − ((𝑥𝑏 ) − (𝑥𝑐 ) ) + ((𝑦𝑏 ) − (𝑦𝑐 ) )

𝑉𝑎 = V1

2

(𝑥𝑐 − 𝑥𝑏 )

20.97 – 2.55 (4.7 – 2.2)
𝑥=
5.25 – 1.9
14.595
𝑥=
=
4.36m
3.35
Therefore, the X and Y coordinates based on the
three access points in the computer laboratory are
4.36m and 2.55m respectively.
C.

FL3 CLASSROOM : RESULTS OF THE
TRILATERATION LOCALIZATION

Data were taken from three access points AP1, AP2, and
AP3. For AP1, AP2 and AP3;
x1=𝑥𝑎 =3.25m; x2= 𝑥𝑏 =1.40m and x3= 𝑥𝑐 =1.70m
y1 =𝑦𝑎 =2.65m; y2= 𝑦𝑏 =1.10m and y3= 𝑦𝑐 =2.25m
d1=𝑑𝑎 =4.19m ;d2= 𝑑𝑏 =2.34m and d3= 𝑑𝑐 =2.42m
y3 = So,
𝑦𝑐 =4.7m
again, with the dataset, Equation 11 gives;
𝑉𝑎 = V1
(2.342 − 2.422) – (1.42 – 1.72) – (1.12 – 2.252)
=
2
(−0.3808) – (−0.93) – (−3.8525)
𝑉𝑎 = V1 =
2
4.4017
𝑉𝑎 = V1 =
= 2.20 m
2
Also, from Equation 12
𝑉𝑏 = V2
(2.342 – 4.192) – (1.42 – 3.252) – (1.12 – 2.652)
=
2
2.3345

𝑉𝑏 = V2 =
= 1.17 m
(1.422 – 1.132) – (1.92 – 5.252) – (2.2 − 4.72)
2
=
From the expression given in Equation 13;
2
1.17 (1.7 – 1.4) – 2.2 (3.25 – 1.4)
41.942
𝑦=
(2.65 – 1.1)(1.7 – 1.4) – (2.25 – 1.1) (3.25 – 1.4)
𝑉𝑎 = V1 =
= 20.97
− 3.719
2
𝑦=
=
2.24m
−1.6625
Also, from Equation 12
Also, from Equation 14
2.2 – 2.24(2.25 – 1.1)
𝑥=
1.7 – 1.4
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𝑥=

− 0.376
0.3

=

-1.25 m

Therefore, the X and Y coordinates for the three access
points in the FL3 are
-1.25m and 2.24m respectively
D. ENGINEERING WORKSHOP: RESULTS OF THE
TRILATERATION LOCALIZATION
Data for the three access points AP1, AP2 and AP3 were
taken as follows: For AP1,AP2 and AP3;
x1=𝑥𝑎 =4.25m , 𝑥2 = 𝑥𝑏 =1.60m and x3=𝑥𝑐 =1.80m
y1=𝑦𝑎 =3.65 m , y2=𝑦𝑏 =1.20m and y3 =𝑦𝑐 =2.45m
d1=𝑑𝑎 =5.60m , d2 =𝑑𝑏 =2.96m and d3 =𝑑𝑐 = 3.300m
Then,

The home page of the real-time asset location management
web application is given in Figure3. The home page shows
the location of some of the assets in the system on the map
with info window that displays the properties of a sample
highlighted asset. Also, the list of some of the assets
captured by the system and their features are shown in
Figure 4. The features include name, location, date
captured, time of capture, longitude, latitude as well as the
current status.

Figure 3: The homepage of the real-time asset location
management web application showing asset
locations shown on the map.

Therefore, the X and Y coordinates for the three access
points in the engineering workshop are 4.69m and 2.18m
respectively.

Table 1: Test beds and its corresponding coordinates

E.

THE RESULTS OF THE APPLICATION OF THE
TRILATERATION LOCALIZATION TECHNIQUE,
GEO-LOCATION AND GEO-FENCING IN A
REAL-TIME ASSET LOCATION MANAGEMENT
WEB APPLICATION

Figure 4: Screenshot of assets and their features.
In a situation whereby due to some hitches, the location and
features of asset cannot be automatically captured and
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saved, the system provides an interface (Figure 5) for
manually inputting the features of an asset into the system
database.

Figure 5: Screenshot showing a form to add an asset and its
location features

Figure 6: Geo-fenced region which is the engineering
lab.
The screenshot in Figure 6 shows the geo-fenced region or
area which is the Engineering Laboratory that includes the
Computer Engineering Laboratory which is located in the
main campus of University of Uyo. Furthermore, Figure 7
shows a screenshot of the geo-fenced tool for setting the
coordinates of a geo-fenced area.

Figure.7: Screenshot showing the geo-fenced tool.

Once the coordinates of the geo-fenced area are set, the area
is marked out on the map by the real-time asset location
management system (RTALMS). If an asset is moved (that
is, the location of the asset changes) the RTALMS will
indicate whether the asset is within a given geo-fenced area
or not. For instance, the screenshots of Figure 8 shows an
asset that is within a geo-fenced region and Figure 9 shows
an asset that is outside a geo-fenced region
.

Figure.8: Screenshot showing the asset within the geofenced tool.

Figure.9 Screenshot showing the asset outside the geofenced tool.
In practice, the real-time asset location management system
(RTALMS) does support one or more geo-fenced regions
and at any given time each asset is associated with one
particular geo-fenced region which indicates its current
resident region. If the asset is moved (that is, the location of
the asset changes) the RTALMS will indicate whether the
asset is within its given geo-fenced resident region or
outside the resident region. In the case where the asset is
outside the resident region the RTALMS will sound an
alarm to signal unauthorized movement of the asset.
Essentially, before an asset can be moved out of its resident
region, personnel with the requisite privilege the RTALMS
will disable the assigned resident region status of the asset
before it can be moved out of the region. This is because, in
the real life situation, the door locking system of the region
may be integrated with the RTALMS such that it will not
permit the door that leads to the outside of the building to
be opened if the system alarm is activated.
IV. CONCLUSION
An empirical research on the development of a real-time
asset location management system for an indoor setting is
presented. Details of some salient mechanisms of the
system are presented. One of such mechanisms is the
trilateration localization mechanism for determining the X
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and Y coordinates of an asset in real-time. Other
mechanisms presented are geo-location mechanism which
uses the GPS location coordinates of asset to visualize the
asset location on Google map. In addition, geo-fencing
mechanism is used to mark and track the asset location and
movement within and outside a designated region of
interest. Sample data were used to demonstrate the
application of the listed mechanisms in the real-time asset
location management web application.
REFERENCES
1.

Damani, A., Shah, H., Shah, K., &Vala, M.
(2015). Global positioning system for object
tracking. International Journal of Computer
Applications, 109(8), 3977-3984.
2. Drira, A. (2006). GPS navigation for outdoor and
indoor environments. University of Tennessee,
Knoxville.
3. O’Connor, A. C., Gallaher, M. P., Clark-Sutton,
K., Lapidus, D., Oliver, Z. T., Scott, T. J., ...&
Fletcher, J. (2019). ECONOMIC BENEFITS OF
THE GLOBAL POSITIONING SYSTEM (GPS).
4. Phillips, M. L., Hall, T. A., Esmen, N. A., Lynch,
R., & Johnson, D. L. (2001). Use of global
positioning system technology to track subject's
location
during
environmental
exposure
sampling. Journal of Exposure Science and
Environmental Epidemiology, 11(3), 207.
5. Olevall, A. H., & Fuchs, M. (2017). Indoor
Navigation And PersonalTracking System Using
BluetoothLow Energy Beacons.
6. Kim, H., & Han, S. (2018). Accuracy
Improvement of Real-Time Location Tracking
for
Construction
Workers. Sustainability, 10(5), 1488.
7. Yoo, S., Kim, S., Kim, E., Jung, E., Lee, K. H.,
& Hwang, H. (2018). Real-time location
system-based asset tracking in the healthcare
field: lessons learned from a feasibility
study. BMC medical informatics and decision
making, 18(1), 80.
8. Boulos, M. N. K., & Berry, G. (2012). Realtime locating systems (RTLS) in healthcare: a
condensed primer. International journal of
health geographics, 11(1), 25.
9. Oguejiofor, O. S., Aniedu, A. N., Ejiofor, H. C.,
&Okolibe, A. U. (2013). Trilateration based
localization algorithm for wireless sensor
network. International Journal of Science and
Modern Engineering (IJISME), 1(10), 23196386.
10. Javaid, R., Qureshi, R., & Enam, R. N. (2015).
RSSI based node localization using
trilateration in wireless sensor network. Bahria
University
Journal
of
Information
&
Communication Technologies (BUJICT), 8(2).
11. Leelavathy, S. R., & Sophia, S. (2014).
Providing localization using triangulation
method
in
wireless
sensor
networks. International journal of innovative
technology and exploring engineering, 4, 4749.

12. Pradhan, S., Bae, Y., Pyun, J. Y., Ko, N. Y., &
Hwang, S. S. (2019). Hybrid TOA Trilateration
Algorithm Based on Line Intersection and
Comparison
Approach
of
Intersection
Distances. Energies, 12(9), 1668.
13. Li, J., Yue, X., Chen, J., & Deng, F. (2017). A
novel robust trilateration method applied to
ultra-wide
bandwidth
location
systems. Sensors, 17(4), 795.
14. Zhang, A., Ye, X., & Hu, H. (2012). Point In
Triangle
Testing
Based
Trilateration
Localization Algorithm In Wireless Sensor
Networks. TIIS, 6(10), 2567-2586.
15. Bhatia, A., Mehta, B., & Gupta, R. (2007).
Different localization techniques for real time
location sensing using passive RFID. Indian
Institute of Technology, 60(5), 600-611.
16. Varshavsky, A., & Patel, S. (2018). Location
in Ubiquitous Computing. In Ubiquitous
computing
fundamentals (pp.
299-334).
Chapman and Hall/CRC.
17. Motlagh, O., Tang, S. H., Ismail, N., & Ramli,
A. R. (2009). A review on positioning
techniques and technologies: a novel AI
approach. Journal of Applied Sciences, 9(9),
1601-1614.
18. Farooq-i-Azam, M., &Ayyaz, M. N. (2016).
Location and position estimation in wireless
sensor
networks.
In Wireless
Sensor
Networks: Current Status and Future
Trends (pp. 179-214). CRC Press.
19. Boulos, M. N. K., & Berry, G. (2012). Realtime locating systems (RTLS) in healthcare: a
condensed primer. International journal of
health geographics, 11(1), 25.
20. Mardeni, R., & Othman, S. N. (2015). Efficient
mobile asset tracking and localization in
ZigBee wireless network. Journal of Advances
in Computer Networks, 3(1), 1-6.
21. Nasr, E., Shehab, T., & Vlad, A. (2013, April).
Tracking systems in construction: Applications
and comparisons. In 49th ASC Annual
International Conference Proceedings.
22. Küpper, A., Bareth, U., & Freese, B. (2011).
Geofencing and background tracking–the next
features in LBSs. In Proceedings of the 41th
Annual
Conference
of
the
GesellschaftfürInformatikeV.
23. Zimbelman, E., Keefe, R., Strand, E., Kolden,
C., & Wempe, A. (2017). Hazards in motion:
Development of mobile geofences for use in
logging safety. Sensors, 17(4), 822.
24. Muriach, A. M. (2015). Information provision
improvement with a geofencing event-bases
system (Doctoral dissertation).
25. Ekahau (2006). Comparison of Wireless Indoor
Positioning
Technologies.
An
Ekahau
Whitepaper, Saratoga, Ekahau Inc.
26. Dixon, J. (2009).
Suspension Analysis and
Computational Geometry. John Wiley and Sons,
Hoboken, pp. 102-134.

www.scitechpub.org
SCITECHP420067

235

