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Abstract—Navigation and finding Point of Interest (POI) using location based applications is an integral part of 
mobile/tablet eco-system. GPS (Global Positioning System) is a wonderful technology that provides a unique way for city 
travel analysis other than the traditional travel diary data. Generally raw GPS data will not include information about trip 
activites or purposes. Earlier studies are mostly based on a combination of computer (tablet)-assisted data proxessing and 
manual steps. However geographical context database provide us with the ease of automatic identification of trajectories 
using GPS. This paper aims at finding all the available POIs from the starting point of journey to the ending point of journey 
using GPS which is fully automatic and alerts the user as the POI arrives. This paper comapres different possible 
technologies for finding out the POIs and presents a novel approach using spatial and temporal way of finding of POIs (Point 
of Interests) from raw GPS trajectory. Finally, the evaluation of proposed approach using the real time data is done using 
GPS tracked data. 
 
 
I. INTRODUCTION 
 
Todays tablets, smart phones, gadgets etc are making 
our life simple and easy. Navigation, mapping 
applications and mobile data sensing are becoming 
more and more prevalent because the hardware is 
getting very portable and more affordable. The 
development of software applications for mobile 
computers which use different hardware modules has 
been recently generated with the availability of super 
powerful operating systems and transfering of 
standardized programming and scripting languages 
on ever-smaller computing platforms. Navigation and 
finding Point of Interest using location based 
applications is an integral part of mobile / tablet eco-
system. In todays systems, the user initiates the 
search for getting information about a particular Point 
of Interest, which is manual. In this paper we provide 
a methodology wherein, the tablet / mobile will 
automatically inform the user of a Point of Interest 
based on user preference even when the system is 
running it as a background application. The existing 
literature mostly concentrates on finding out “Point of 
Interest (POI)” 
according to users choice, alerting the user when a 
particular POI has arrived. Work for finding out POIs 
and alerting the user throughout the journey is 
concentrated in this paper. There are many use cases 
which we can use this idea, one such use case is, 
when a user is driving the car from Place A to Place 
B, he/she would like to know if there are any Gas 
stations, Restaurants or any place of interest available 
during his journey. One way to do this is, the user can 
search manually by opening the location application 
and search for his point of interest from time to time. 
This requires manual effort and is currently the norm. 
This paper provides an approach where the system 
will automatically alert the user about the point of 
interest based on user preferences and thereby 
eliminating the need of the user to manually search. 
All the necessary computation will be done while the  

 
system in the background enhancing better usability 
with tablet and Phones. This provides a seamless and 
better user experience. The remaining paper is 
organized as followings: Section II will describe 
different techniques for finding the location of the 
interested points. section III evaluates the location 
finding techniques. Section IV describes how the GPS 
module communicates with the tablet. Section V 
proposes the algorithm for alerting user when the user 
arrives at his POI along his/her journey. Section VI 
shows the experimental results. Section VII 
concludes the paper.  
 
II. LOCALIZATION AND NAVIGATION 
 
Localization is the task of finding out the current 
posi-tion/loation of the device while navigation will 
monitor and control the movement if a device from 
one location to another. There are many ways for 
calculation of current location and navigate. The best 
method for location-finding is using the GPS system 
which has a good accuracy for virtually any area in 
the world. In different cost parameter for position 
techniques are given below. 
1) Performance: This can be determined on the 
accuracy of the location finding method that gives 
different accuracies and hence it aims at different 
market divisions. For example, the fleet managers 
need not have a very high level of accuracy, so this 
type of method can simply find the antenna which is 
in the proximity of the device [2]. But in emergency 
services, such as ambulance services, mountain 
rescue they are likely to need more accuracy, such as 
determining the distance that the device is far away 
from several antennas. 2) Complexity: At times 
aggregating and deploying more than two location 
technologies gives the results that are most accurate. 
These positioning technologies can be mentioned 
under complexity, and are commonly called as hybrid 
systems. 3) Implementation requirements: Certain 
implementations require some extra implementations 
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in the existing sys- tems to achieve certain degree of 
required minimum accuracy, as in the hardware 
requirements of the mobile network or in the software 
requirements of the handsets. 
 
A. Location Finding Techniques 
1) Cell Identity: This method is a network-based 
position determing method. Here the device (handset) 
should be registered in that particular cell. The 
obtained information is available in the handset and at 
the network. Now using the existing knowledge of 
operators network, the cell ID is then converted to a 
geographic position. The existing information can be 
a database at the serving mobile location centre 
(SMLC). The accuracy not only depends on the cell 
size, but also may depend on many other factors like 
the wireless network type (PCS or GSM), cell type 
(sectored or omni-directional), cell kind (pico cells - 
small-scale cells or macro cells - largescale cells), 
and so on [2]. The advantage is that it supports all 
types of legacy handsets and also all roaming 
subscribers. A sectored- cell uses more number of 
antennas in the cell, and they provide the essential 
sector information. The more sector number is, the 
more is the accuracy of the location of the device. For 
example consider a three-antenna cell, which gives a 
sector coverage of 1200 for every sector. The 
accuracy will be 600. A handset is registered to an 
unidirectional cell, implies the location of the handset 
becomes exact location. Fig 1 shows the omni-
dirational antenna gives same location for positions 
A, B and C respectively. While in fig 2 handset gives 
dirrent positions for A, B and C locations. 
 

 
 
2) Time of Arrival (ToA) and Time Difference of 
Arrival (TDoA): These techniques work by the 
handset bouncing a signal towards and backwards 

from the base stations. Because the radio waves travel 
with the speed of light (c = 3 108m=sec), the distance 
between the base station and the handset can be 
determined by observ-ing the transmission delay, 
which is equal to half the time delay from the 
transmitting and the receiving the signal. However 
this locates the handset as it is being present on a 
circle having a radius d, with the base station located 
at the centre of the circle. If the result is made using 
three base stations, then there will be three circles 
which intersect at the approximate handset position. 
TDOA technique is time based and is quite as ToA. It 
works by either estimating the relative arrival time in 
the handset of signals transmitted using three base 
stations at the same given time or estimating relative 
arrival time transmitted using the handset near the 
three base stations. The obtained difference of time of 
arrival actually reflects a hyperbola, where the two 
base stations represent the two locus of the hyperbola. 
But here there are three base stations being used and 
there are three unique sets of measured time 
differences which gives a set of three hyperbolic 
equations and when solved defines a single solution. 
Precise synchronization of the base stations must be 
used for this technique to be fruitful. In case if we 
require additional accuracy, a serving base station 
prompts the handset to perform hand-off, which leads 
the handset to transmit one new message. This 
registerted message provides the base station one 
more new set of information so that it can make a 
second reading. Equation (1) gives the ToA equation 
where t1 and t2 are time at which the signal is 
transmitted and received by the handset and equation 
(2) gives the TDoA where t1; t2; t3; t4 are time of 
travel as shown in fig 3 and v is the velocity of light. 
 

 
3) GPS (Global Positioning System): The GPS 
technology invented and maintained by U.S is a very 
powerful technology to track the precise location of a 
device. A GPS receiver can determine its position by 
using the timing signals transmitted by GPS satellites 
which are high above the Earth. 24 satellites are 
dedicated for this purpose. Every satellite 
continuosally sends messages which includes the time 
stamp the message was transmitted, the satellite 
position at time of the message transmission. Then 
the receiver uses all the messages it receives inorder 
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to find the transit time of each message and thereby 
computes the distance from each satellite using the 
speed of light. All these distances and satellite 
locations will define a single sphere. The receiver 
which is present at the surface of each of these 
spheres, calculates the satellite locations and 
distances are correct or not [1]. 

 
 

 
 
4) A-GPS (Assisted- Global Positioning System): 
Like E- OTD, A-GPS is also a time-based technique 
in which the handset gives the time taken for the 
arrival of the signals transmitted from altealst three or 
more GPS satellites. In general, the information 
decoded using the GPS receiver from the GPS 
satellites is transmitted to the handset using the radio 
network, this brings good improvements for the time 
to the first fix (it is the initial time to the first location 
measurement) and battery life as the handset will no 
longer need to search for it and need not decode the 
signals from each of the available satellite. 
By removing the need to decode the satellite signals 
will enable TOA estimation and detection, this allows 
it to provide the position estimates within the cars, 
under thick foliage, in most of the outside 
environments, and in many indoor environment. A-
GPS will also provide good velocity estimates along 
with the vertical accuracy. 
The signals obtained using the GPS assistance data to 
the handset may take about 10 seconds, but, once 
they are received by the handset, the assistance data is 
useful for about four hours. 
5) Dead Reckoning: The dead reckoning (also known 
as ded (for deduced) reckoning) or DR is the process 

of calculating the device’s current position by using a 
pre-viously determined fix, or position, and then 
advancing that position based upon estimated or 
known speeds in accordance with the time elapsed. 
This method is mainly used to make driving safer and 
easier, modern vehicles are now equipped with this 
kind of driver support systems. These systems can be 
used for navigation or curvature warning systems. 
These initially need the global position of the 
particular vehicle. To determine this accurate 
position, the Dead Reckoning (DR) or GPS system 
can be used. However, these systems have often 
certain number of drawbacks. For example, DR 
systems error growth is propogated with time and 
GPS signal masking may occur, this leads to certain 
drift. By integrating the GPS position and the DR 
position, the characteristics can be complementarily 
used to get the advantages of these two systems. The 
drift is the angle between the desired track and the 
heading of the airplane. Dead reckoning is mostly 
subjected to cumulative errors. Advances in 
navigational aids gives precise information on the 
posi-tion, in particular the satellite navigation using 
the GPS, have made simple dead reckoning obsolete 
for most of the purposes. However, in the inertial 
navigation systems, which provides a very accurate 
directional information, can use dead reckoning and 
can be very widely applied. 
 
III. EVALUATION OF DIFFERENT 

LOCATION FINDING TECHNIQUES 
 
Different localization and navigation techniques can 
be evaluated in terms of accuracy and the system 
requirements. Of the available techniques for 
localization and navigation, GPS is the best method 
in terms of accuracy [4]. Accuracy is very important 
in navigation applications, specially in road 
navigation systems. As the accuracy increases, the 
user expe- rience also increases. The evaluation of 
different techniques can be seen from table I. 
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IV. GETTING POIS FROM SOURCE TO 
DESTINATION 

 
A point of interest (POI), is a specific point of 
location that someone will find interesting or useful. 
In this paper, the concentration is on how to alert the 
user as and when the specific POI arrives in the 
journey from source to destination. Consider an user 
travelling from point A to point B. Along his journey 
he is interested to find a particular POI (say a petrol 
bunk). In his journey from point A to point B he may 
find different POIs (many petrol bunks along his 
journey). The user should be alerted as and when any 
POI (petrol bunk) approaches his proximity. Fig 4 
shows the user traveling from A to B and has two 
POIs along this journey. The method of  

 
alerting user as the POI arrives in the proximity is 
described as below. 
Determining route from source to destination: As the 
user enters the source and destination, the route 
between source and destination should be calculated. 
The GPS is queried for getting the location of source 
and destination. 
All the effort is taken by the OS to communicate with 
the GPS module. The OS can do this because it has 
GPS drivers will be installed. The route is determined 
using georoute method [5]. 
Finding intermediate locations: To determine the 
POIs along the journey, we divide the entire journey 
route into regions. Every region will surround a 3 
mile radius. After dividing into regions, the POIs are 
calculated in every region using the georoute route 
technique [5]. For this, the coordinates of 
intermediate points in the route should be calculated. 
The GPS finds the location of the intermediate points 
initially. The GPS gives the information in the 
NMEA format which is described in section V. 
Find all points which are three miles away from each 
other: The points which are 3 miles away from each 
other are calculated all along the route.We do this 
because available systems cannot find POIs for more 
than three miles. This is shown in fig 5. 
Determine POIs at each calculated three mile points 
and store:Find all the points of interest coordinates 
for every three mile point and store it in some 
location in the RAM memory. 
 Triggering the GPS periodically: The GPS will dis- 
charge the battery drastically [6] so it is polled 
periodi-cally inorder to save the charge. Every time it 

is polled, the POI coordinates are retrieved from the 
memory and the difference between POI coordinates 
and the current location is calculated. If the user 
reaches the proximity distancee, the alaram should be 
given. 

 
 
V. GPS COMMUNICATION IN THE 

MOBILE 
 
To find the current position using GPS, the 
handset/tablet should have the GPS module. The GPS 
module have to communicate with the processing unit 
using a bus. UART bus is mostly used in the handsets 
for GPS communication purpose. A Universal 
Asynchronous Receiver/Transmitter known as 
UART, is a computer hardware that translates the 
data between parallel to serial forms and vice-versa. 
UARTs are commonly used along with 
communication standards such as RS-232, RS-422, 
RS-485 or EIA. The transmission speeds and the data 
format are configurable. The levels of electric 
signaling and methods (different form of signaling 
methods such as differential signaling etc.) are 
handled by a driver circuit which is present external 
to the UART. 
 
A. Character Framing in UART 
 
The least significant (right-most) data bit is 
transmitted first. If parity is used, the parity bit will 
come after the data bits but it will come before the 
stop bits. Ideally, no data state is powered or in high 
voltage. Characters are sent using a logic low start 
bit, configurable number of data bits (usually 8, but 
users can choose 5, 8 or 9 bits depending on the 
UART is in use), an optional parity bit can be 
included if the number of bits per character chosen is 
not 9 bits, and one or more logic high stop bits. The 
start bit will signal the receiver that new character 
will be coming. The next 5 to 9 bits according to the 
code set employed, represent the character. The parity 
bit if used will be placed after all of the data bits. The 
immediate one or two bits will always be in the mark 
(logic high) condition and are called the stop bits. 
These stop bits tells the receiver that the character is 
completely transferred. As the start bit is in logic low 
condition and the stop bit is in logic high condition, 
there must be always at least two guaranteed signal 
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changes between the characters [7]. Suppose the line 
is held at the logic low condition for long than a 
character’s usual time, this results in breaking the 
condition that can be detected by the UART. 
 
VI. ANALYZING RAW GPS DATA 
 
The GPS data captured will be in the NMEA format. 
The GPS raw data will be processed by the drivers 
and user understandable information is calculated. 
The National Marine Electronics Association 
(NMEA) is basically a non profit association of 
educational institutions, distributors, man-ufacturers, 
dealers, and others interested in peripheral marine 
electronics. The NMEA 0183 standard defined a data 
protocol and an electrical interface for 
communications between marine instrumentation. 
There are 19 different form of sentences in NMEA 
format which can be interpreted for GPS 
communication. 
GPBOD - Bearing, origin to destination 
GPBWC - Bearing and distance to waypoint, great 
circle 
GPGGA - Global Positioning System Fix Data [8] 
 

 
The latitude and longitude so obtained will be in the 
form of degree, minute and seconds. This can be 
converted into decimal format using the equation (5). 
 

 
VII. RESULTS 
 
The results are verified by taking into consideration 
the Petrol Bunks as POIs from Bangalore to Chennai. 
 
Getting the coordinates of Bangalore and Chennai: 
The NMEA data obtainted for Bangalore is 
GPGLL,1500.00,N,7500.00,E,225445,A and for 
Chennai the NMEA data obtained is 
GPGLL,13500.00,N,8000.00,W,225445,A . The data 
converted into degrees is as below. Bangalore - 
Latitude: 150:00 0 N, Longitude:750:000 E: Chennai 
- Latitude: 1350:00 0 N, Longitude:800:000 E. 
Determining route from Bangalore to Chennai: The 
route from Bangalore to Chennai is calculated using 
the data received from GPS. The NMEA format used 
here is GPBWC. The can be seen in fig 6. 
Finding three mile distant points: The intermediate 

points between Bangalore and Chennai are 
determined. The intermediate cities are Kolar, 
Palmaver, and so on heading towards Chennai they 
are Chittor, Kanchipuram etc. POIs around these 
intermmediate cities can be seen in fig 7, fig 8, fig 9 
and fig 10.  
 POI determination:Starting from Bangalore, the POIs 
are determined. There are quite a large number of 
petrol bunks in bangalore, all the data base is stored 
in memory. 

 

 

 

 
for every 30sec(here) and the distances from users 
cur-rent location with various POIs is calculated 
using the equation (6). The Earth is a huge sphere so 
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the distance is calculated taking an assumption that 
the path is a straight line. 

 
The GPS is periodically polled here for every 30 
seconds to save the battery charge. Every time it is 
polled, the POI coordinates which are prreviously 
stored are retrieved and the difference between the 
current location and GPS coordinates is calculated. If 
the distance is less than the threshold here it is 1km, 
the system gives an alaram (an alert) to the user 
indicating the arrival of the POI. 

 
CONCLUSIONS AND FUTURE SCOPE 
 
Navigation using GPS is the best way for road traffic. 
GPS will drastically reduce the battery charge, so 
polling the GPS periodically will save the battery and 
the purpose is served. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Alerting the user when his interested POI will 
enhance better user experience. Power saving 
techniques should be adopted inorder to further 
reduce the battery discharge while using the GPS for 
navigation purpose. 
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