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Abstract— With the advancement in the mobile technology, 

mobile phone becoming an omnipresent computing device. 

This paper presents the fingerprinting location determination 

technique using received signal strength indicator (complex 

function of distance) for GSM phones and discusses the cell 

sense system. To test this system, we implemented it on 

mobile OS. Comparative study of accuracy enhancement 

using cell sense   technique of two different sites with RSSI 

based GSM localization technique. We also analyzed the 

effect of changes in system parameters of accuracy and the 

effect on system using cell sense and finger print densities. 
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I. INTRODUCTION 

The research for obtaining the cell phone location has 

gained importance; the cell phone becomes more ubiquitous 

in our daily lives. The global positioning system is 

considered to the most well-known localization technique, 

but GPS are not available in many cell phones. It requires 

direct line of sight to the satellites which intend consumes 

lot of energy. Hence, the research for various techniques has 

to be obtained for the cell phone fingerprint. RF fingerprint 

stores the information about the RSSI received from 

different base stations at different locations in the area of 

interest. The received RSSI at an unknown location is 

compared with the RSSI signatures in the Constructing the 

fingerprint pattern is time consuming process. Hence, a 

probabilistic fingerprinting based technique for GSM 

localization termed as cell sense is used. Using cell sense 

technique the gridding is done as per the are a fingerprint 

and the closest location in the fingerprint is returned as the 

estimated location. of interest and the histogram is 

constructed for each grid cell.  

The fingerprint size can be reduced arbitrarily by 

increasing the grid cell length. The cell sense hybrid 

technique is used to reduce the computational over head of 

cell sense and the added advantage of this technique is the 

accuracy being robust to changes in its parametric values 

location-aware applications and government requirements. 

In today’s scenario 80-85% of today’s cell phones, works all 

over the world which is more advantageous with standard 

cell phone operation and minimal energy consumption. The 

implementation of GSM localization started to gather higher 

importance after the advances in cell phone technologies. 

This system is mainly based on RSSI based systems which 

require an RF. 

II. RELATED WORK 

In this we discuss about the different techniques to 

determine the localization of cell phones. These techniques 

are differed from the proposed work and they can be 

categorised as mentioned. 

 Time of arrival based 

 AOA based  

 Cell ID Based 

 City wide Wi-Fi based 

 Augment Sensor Based Localization 

 RSSI Based 

III. RSSI BASED SYSTEM 

In the recent techniques, RSSI based system have been 

introduced and implemented for location determination for 

the area of interest. A finger print contains the information 

about the RSSI collected from different location. During the 

tracking phase, the received RSSI at unknown location is 

compared with RSSI signature in the fingerprint and the 

closest location in the fingerprint is returned as estimated 

location. The fingerprint construction is a time consuming 

process This system has the potential of localizing 80-85% 

of today’s cell phones. Since RSSI is a complex function of 

distance as it requires building an RF finger print of the time 

consuming process. This contains scanning for BTS and 

recording the cell tower ID, RSSI, and GPS location. 

Commercial System such as skyhook, GoogleMyLocation 

already perform scanning for other purpose. 

We can summarize the current work in fingerprint 

based RSSI localization system, which is closest to proposed 

work. 

 
Fig. 1: Cell sense system components: Arrow show 

information flow in the system 

IV. CELL SENSE SYSTEM 

The cell sense system operates in two phases starting with 

an offline fingerprint construction phase and an online 

tracking phase. In cell sense hybrid technique the basic cell 

sense and a deterministic approach is used to achieve 

accurate localization and low computational overhead. 
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Fig. 2: Signal Strength (ASU) 

V. MATH METICAL MODEL 

Without loss of generality, let L be a 2-D physical space. Let 

q represent the total number of cell towers in the system. We 

denote the q-dimensional signal strength space as Q. Each 

element in this space is a q-dimensional vector whose 

entries represent the RSSI readings from a different cell 

tower. We refer to this vector as s. We also assume that the 

samples from different towers are independent. Therefore, 

the problem becomes, given an RSSI vector, s = (s1, . . . , 

sq), and we want to find the location l ∈ L that maximizes 

the functional probability F(l|s). 

VI. OFFLINE PHASE 

The purpose of this phase is to construct the signal strength 

histogram for the RSSI received from each cell tower at 

each location in the fingerprint. Typically, this requires the 

user to stand at each location in the fingerprint for a certain 

period of time to collect enough samples to construct the 

RSSI histogram. This will increase the fingerprint 

construction overhead significantly as the war-driving car 

has to stop at each location in the fingerprint for a certain 

time. 

VII. ONLINE PHAS 

1).   Unknown location for the user = l 

Signal strength vector = (s1, … sq) 

The location in finger print (l € L)  

Max probability given the receive signal 

               Signal strength vector “s” 

               argmaxl[F(l/s)]  

2)  As per histograms the offline phase is represented as  

                   f(s/l) = ∑ p(si/l)
𝑞
𝑖=1   

3).Considering Ns, the successive sample from each stream 

is used to improve the     performance. 

              F(s/l) = ∑ ∑ 𝑓(𝑆𝑖, 𝑗 𝑁𝑠
𝑗=1

𝑞
𝑖=1 /l) 

Si,j  represents the jth sample from the ith sample. 

The CellSense-Hybrid technique runs in two 

phases: 1) rough estimation phase and 2) refinement phase. 

1) In the first phase (rough estimation phase), it uses the 

standard probabilistic fingerprint estimation technique 

to obtain the most probable cell in which a user may be 

located. However, instead of returning the centre of 

mass of the fingerprint points inside this cell as the 

estimated location as in the standard CellSense, it 

refines this estimate in the second step. 

2) In the second phase (estimation refinement phase), a 

KNN approach is used to estimate the closest 

fingerprint point, in the signal strength space, to the 

current user location inside the cell estimated in phase 

one. Note that since the histograms are constructed for 

an entire cell, we do not use a probabilistic technique in 

the second phase. 

VIII. EVALUATION TECHNIQUES  

This data is from two different sites. The first one is from 

city Delhi, India situated in the northern part of the country. 

The second site is city Chennai, India situated in the 

southern part of the country. 

Test 

bed 

Area 

covere

d 

(Km2) 

Trace 

Length 

(Km) 

Avg. 

finger-

print 

dens/cell 

Avg. 

num. 

BTS/loc. 

Avg. 

num.  

BTS/Km2 

City 

1 
1484 110 10.89 21992 14.82 

City 

2 
1189 103 11.22 21187 17.82 

Table 1: 

Comparison Between The Two Testbeds. Process. The 

Average Fingerprint Density Is The Average Number Of 

Fingerprint Points Inside A Cell For Grid Cell Length = 

70m 

Paramet

er 

Cellsens

e 

(Best 

Accurac

y) 

Cellsens

e hybrid 

(Best 

Accurac

y) 

Determinist

ic 

(Best 

Accuracy) 

Gaussian 

process 

(Best 

Accurac

y) 

City 1 

Grid 

size=70, 

N=14, 

K=2 

Grid 

size=70 

K=1 

Grid 

size=70 

K=8 

Np= 

1019 

City 2 

Grid 

Size=70, 

N=14, 

K=2 

Grid 

Size=70 

K=1 

Grid Size 

K 

Grid 

Size= 

K= 

Table 2: Default Values For The Parameters. These Values 

Achieve The Best Performance 

 
Fig. 3: Effect of changing the number of samples Ns on 

CellSense’s median error. 

 
Fig. 4: Effect of changing the cell tower density on 

CellSense’s median error 
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Complexity Analysis: In this section, we analyze the 

algorithmic complexity of all the techniques. It summarizes 

the results. 

1) Google MyLocation: Google MyLocation is a cell-

IDbased technique. It has O(1) complexity as it is 

probably a hash table lookup for the location of the cell 

tower the phone is connected to. However, we have no 

more details from Google to confirm our hypothesis.  

2) CellSense: To compute the probability of each grid cell, 

we need O(qNsNc) operations. Computing the weighted 

average of the most probable K locations, using an order 

statistics algorithm, requires O(KNc) for small K. 

Therefore, we need O((qNs + K)Nc) operations in total 

for each location estimate. 

3) Deterministic technique: Similar to the CellSense 

technique, it requires O((qNs + K)Nc). 

4) GPs: To compute the probability of each precomputed 

point, we need O(tNp). Computing the weighted 

averageoperations. Therefore, the overall all algorithm 

requires O(tNp) per location estimate. 

5) CellSense-Hybrid: Calculating the probability of each grid 

cell in the first phase takes O(qNc). To apply the KNN 

algorithm in the second phase inside the most probable 

cell, we need O((q + K)N0). Therefore, we need O(qNc + 

(q + K)N0) operations in total for each location estimate. 

of all the precompiled locations requires O(Np) 

IX. SUMMARY 

Our results show that the CellSense-Hybrid technique has 

comparable accuracy to the CellSense technique with 

significantly lower computational complexity compared 

with other techniques. 

For the CellSense technique, as the grid cell size 

increases, the performance degrades. Increasing the number 

of samples used in the estimation or the number of averaged 

most probable locations has a positive effect on accuracy. 

Increasing the cell tower density has a more positive effect 

on accuracy than increasing the density of the fingerprint 

The performance of the CellSense-Hybrid technique is 

consistent over different grid sizes and testbeds. This is due 

to the estimation refinement phase. The accuracy of the 

localization technique under a certain cellular provider is 

correlated with the provider cell tower density. However, 

the CellSense-Hybrid technique provides a good balance 

between both accuracy and computational advantage at 

small grid sizes, compared with the CellSense technique, 

comes from using only one sample in the first phase as 

compared with Ns samples complexity. 

X. CONCLUSION 

In the whole paper we have discussed about the cellsense, 

which is a probabilistic RSSI based fingerprinting for GSM  

cell phone localization. We discussed  and analysed the 

cellsense system to make it energy efficient .We took two 

different sites and implemented the system on mobile OS 

and compared it with each other.  

GSM localization system:  In this system we have 

found it to be more efficient than other RSSI based GSM 

localization techniques. We also studied the effect of 

different parameter on the performance of the system and 

how the cell tower density and fingerprint density affect the 

accuracy. 
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