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• Mobility tracking has currently been an important
need for many people in order to integrate
different environments

• Location awareness is an example of localization
technique

• The systems able to sense position in physical and
computational environments such as the current
location of a user, the relative location of
people, hosts, accessible devices, network
connectivity

• The systems able to sense position in physical and
computational environments such as the current
location of a user, the relative location of
people, hosts, accessible devices, network
connectivity

Introduction
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Seamless Location works 

• A seamless indoor-outdoor navigation system 
based on GNSS  (global navigation satellite 
system), INS (inertial navigation system)

• The federated Kalman filtering (FKF) 
• Light sensor signal, the magnetic sensor 

signal and GNSS signal were integrated into 
navigation algorithm 

• A real time Google map and Arduino- based 
vehicle tracking system with global 
positioning system (GPS) and global system 
for mobile communication (GSM) technology
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Implementation and Performance 
the seamless localization

A combination between indoor and outdoor technologies to provide direction 

for the users by integrating the environment conditions seamlessly.

• Wi-Fi for Indoor 
detection

• GSM & GPS for 
Outdoor detection 
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Integrated system design framework for 
all related components to be merged

Implementation & 

Performance 
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Signal strength indication when movement of the user is detected

Implementation & 

Performance 
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Set Degree of membership

Signal = GPS xx

Signal = GSM xx

Signal = Wi-Fi xx

Available = few yy

Available = some yy

Available = several yy

Strength = low zz

Strength = moderate zz

Strength = high zz 𝑅𝑆𝑆𝐼 =
σ𝑖=1
𝑛 𝑓(𝑥𝑖)𝑥𝑖

σ𝑖=1
𝑛 𝑓(𝑥𝑖)

𝑊𝑒 𝑎𝑙𝑠𝑜 ℎ𝑎𝑣𝑒: 𝑅𝑆𝑆𝐼 𝑑 = 𝑅𝑆𝑆𝐼 𝑑0 − 10 × 𝑛 × log
𝑑

𝑑0
(3)

𝑑 = 10
𝑅𝑆𝑆𝐼 𝑑0 − 𝑅𝑆𝑆𝐼 𝑑

10 × 𝑛

𝑛 =
𝑅𝑆𝑆𝐼 𝑑0 −𝑅𝑆𝑆𝐼(𝑑)

10×log(
𝑑

𝑑0
)

𝑑1
2 = (𝑥1 − 𝑥)2+ (𝑦1 − 𝑦)2+(𝑧1 − 𝑧)2

𝑑2
2 = (𝑥2 − 𝑥)2+ (𝑦2 − 𝑦)2+(𝑧2 − 𝑧)2

𝑑3
2 = (𝑥3 − 𝑥)2+ (𝑦3 − 𝑦)2+(𝑧3 − 𝑧)2

Distance Calculation 

(2)

(4)

(5)

(1)

Seamless or Integrated Location Tracking

Implementation & 

Performance 
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RESULT OF THE EXPERIMENTAL AND DISCUSSION
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Location 
detecting 
based on 
outdoor 

(above) and 
indoor (below) 
conditions

• Received signal strength indication technique such as the fingerprinting method was utilized
for the seamlessness of the localization together with Wi-Fi fingerprinting, GPS, and GSM
networks

• The proposed system was programmed as an Android application running on Samsung Galaxy S7
Edge and integrated between outdoor and indoor environments to combine both technologies and
scenarios

• The blue dot represented current positioning point of the user, while an indoor map location
served as regions when the user hit the recorded path positions
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RESULT OF THE EXPERIMENTAL AND DISCUSSION
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• Signals strength based on GPS and Wi-Fi are

detected in term of the user’s movement. The

blue dot is the available signal for Wi-Fi

when the user moves from an outdoor to

indoor region at the current positioning.

• The blue dot (Wi-Fi indication) will move

forward and appear to users whenever they

change position and time in terms of

seconds. The graph increases or decreases

depending on the signal strength detection

at that moment.
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RESULT OF THE EXPERIMENTAL AND DISCUSSION
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At the seamless point, GPS,

Wi-Fi values in Figure 5

are detected from the

current location in real-

time responding to the

environment when the user

arrived at his or her

destination or stopped

somewhere to check the

available signals
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CONCLUSION
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• The proposed system is based on the Android application platform using
the received signal strength indicator to prove the seamless scenario.

• Accordingly, the result indicated that the system is able to handle
different situations and different locations that maintain the
challenges introduced in this thesis.

• Moreover, the proposed system has indicated the certainty value of an
accuracy in seamlessness terms that is 98.4% accuracy for outdoor to
indoor movement and 97.7% accuracy for the opposite movement.

• This additional result ensures that the proposed system works together
with the seamless scheme. This observation is made from outdoor
conditions to overlapped and indoor regions which operate smoothly
under the proposed system.
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