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ABSTRACT With the rise of mobile technologies, it seeks to solve a large number of needs that users

have, for example locating people for emergency services. At present, there are a large number of appli-

cations dedicated to providing service of positioning through mobile devices, with the global positioning

system (GPS) which is the main positioning technology used. However, other technologies exist that using

the correct algorithms can give the position of a target with good precision; one of these technologies is the

global system for mobile communications (GSM). The most popular positioning methods include the angle

of arrival (AoA), time of arrival (ToA), triangulation, time difference of arrival (TDoA), and trilateration.

At the beginning, the GSM service was simply a means of transmitting voice and short messages, with the

passage of time the technologies evolved and expanded their characteristics, providing values that can be

used to locate a person based on the signal strength received by a person, device, and in the known position

of three ormore reference nodes.When an emergency occurs, the current communication services (3G or 4G)

are insufficient due to the high concentration of mobile subscribers in a single place that exceeds the capacity

of an antenna. This means that calls to emergency services are not completed, which makes it difficult to

rescue people in danger. Although GSM does not have a technology dedicated to positioning, it can provide

valuable data for location by using dedicated algorithms, such as trilateration, with which the coordinates of

the target device can be processed by the coordinates of three or more reference nodes.

INDEX TERMS Android, Cayley-Menger, emergency, location, outdoor.

I. INTRODUCTION

When an emergency occurs (earthquake, hurricane, flood,

etc.), the time for the rescue bodies is vital. Therefore,

the technologies in charge of dealing with emergency situa-

tions must be very precise to locate people at risk in the short-

est possible time. One of the main problems that rescuers face

is the inaccuracy of the location provided. As a consequence,

the work they do is difficult.

In the beginning, the GSM service was simply a means

of transmitting vozy short messages with the passage of

time, the technologies were evolving and expanding their

The associate editor coordinating the review of this manuscript and
approving it for publication was Sabah Mohammed.

characteristics. Today there are 2G, 3G, 4G networks and

the growing 5G that provide data service, voice, short mes-

sages or SMS (Short Message Service), among others. How-

ever, while all versions are robust and perform their main

function is to communicate to people, to succeed an emer-

gency these technologies collapse due to the large number

of people trying to communicate with family and friends.

In addition, the high concentration of mobile subscribers

in one place exceeds the capacity that an antenna can sup-

port. This means that calls to emergency services are not

completed or completed in a short time, making it difficult

to rescue people in emergency.

Although GSM is not a technology dedicated to the

positioning of a device, it can provide valuable data for
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localization with dedicated algorithms. looking to automate

the entire process of the emergency call, preventing inaccu-

racies for emergency care.

To automate this process, applications are used that make

use of Location Based Services (LBS) [1]. The most used

technology is the Global Positioning System (GPS). How-

ever, its high consumption of resources and the need to use

mobile data make it difficult to track the person in danger.

An alternative to obtain the location of a mobile device is

through technologies such as GSM using the cell-of-origin

method. This method bases its accuracy on the geographi-

cal position of three base stations. Although GSM is not a

dedicated location service, by extracting MCC data (Mobile

Country Code), MNC (Mobile Network Code), the area code

related to the current location of the subscriber objective, and

the use of algorithms to process the data, can be located to a

mobile subscriber with a good degree of accuracy.

This work focuses on the development of an application

capable of extracting the necessary data for the location of

a mobile device using GSM networks to automate the early

emergency response process. The rest of the document is

organized as follows: Section II presents the state of the art

of the proposed system. Section III describes the proposed

system for locating a mobile device with Android as the

operating system. In Section IV the results obtained with the

proposed system are shown. Finally, the conclusions drawn

from the work are shown in Section V.

II. STATE OF THE ART

In the market there are a large number of applications ded-

icated to locating people during an emergency. In Mexico,

the Command, Control, Computing, Communications and

Citizen Contact Center (C5) of Mexico City developed an

application capable of facilitating the help of local authorities

during an emergency [2]. In addition, in countries such as

Spain and France, there are applications such as the one

developed by Alpify which seeks to provide the user with

a panic button which, when pressed, sends the location of

the device through mobile networks. Most applications use

GPS technology to locate mobile devices because it provides

great accuracy in locating a target. However, sometimes these

applications have a high consumption of resources and need

data to send the geographical position of a person at risk,

which makes them inefficient. An alternative to this problem

is the use of technologies such as GSM and Wifi.

A. LOCATION BASED SERVICES

Location-based services, or LBS, are services that integrate

the geographical position of a device with other information

to provide added value to a user. In other words, an LBS

refers to any service dedicated to geographic information in

real time. Which can be activated by an entity which can be

human or non-human [1], [3].

For LBS services to fulfill their function, some infras-

tructure components are necessary, including mobile devices,

applications, communication network, positioning compo-

nent and service provider.

• Mobile Devices: are tools used by LBS services, to send

requests and receive results. Among which stand out

portable navigation systems for cars, personal assistants,

laptops, smartphones, tablets, etc.

• Applications: is the interface for users to access LBS.

Which are developed by the provider of a service and

downloaded and installed by the user who owns the

mobile device. Although these applications have dif-

ferent limitations, the main one being the processing

consumption and the capacity in RAM.

• Communication Network: it refers to the mobile

network that transfers the user’s service request to the

provider, and the requested information back to the user.

The Global System for mobile communications (GSM)

is currently the most common standard for mobile net-

works and is used by most mobile devices globally.

• Positioning Component: a positioning component is

necessary in an LBS application to determine the posi-

tion of the user’s mobile device. Nowadays, most LBS

services do not require users to enter the location manu-

ally; on the contrary, the location can be obtained using

some positioning technology: positioning provided by

satellites, positioning by mobile network, WLAN sta-

tions or radio beacons, among others.

B. LOCATION BY GSM

Some institutions, especially those related to civil security

worldwide, locate mobile phones using mobile networks for

early attention to emergencies. This search is done in order

to locate the telephone equipment of a person in danger.

However, using GSM networks turns out to be risky because

the coverage ranges are very large, which makes it difficult

to locate the device. 200m in urban areas, from 5 to 32 km

in suburban areas or small cities and 50 to 150 km in rural

areas [4].

One of the most commonly used methods for localiza-

tion using GSM is the so-called cell of origin. This method

bases its accuracy on the so-called cell ID and improved

cell ID. The main limitation of this method is that when

obtaining the location it retrieves the location coordinates of

the antenna to which the device is connected, but not that of

the mobile device.

For the GSM location to be possible, the MCC (Mobile

Country Code), MNC ( Mobile Network Code), LAC (Loca-

tion Area Code) and Cell ID (Cell ID) are necessary.

leftmargin = *,labelsep = 4mm

• Mobile Country Code: It is a three-digit code that iden-

tifies the country in which the PLMN (Public Land

Mobile Network) GSM is located. Examples of this code

is the 334 belonging to Mexico and the 214 that refers

to Spain.

• Mobile Network Code: It is an identification code of

the telephone network that emits the SIM (Subscriber

Identity Module), the length of this code can change
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being two numbers in the European standard and three

in the American standard.

• Location Area Code: It is a number that determines the

location of a group of GSM towers. The length of this

code can be up to five decimal places.

• Cell ID: It is the unique number of the GSM tower to

which the telephone is connected at that moment. the

valid range of CID is between 0 to 65535 (21616 − 1) in

GSM and CDMA networks.

MCC and MNC indicate the country where the mobile

device and the mobile telephony provider are, respectively.

Moreover, LAC indicates the geographical area where a base

station and CID uniquely identifies the base station within a

cellular network. To locate a device using these data are nec-

essary triangulation methods to determine the approximate

position of the target. However, the triangulation bases its

position on the angle of arrival of the signal to the mobile

device.

An alternative to this method is trilateration to determine

the relative positions of objects. This method is based on

the measured distances that exist between the mobile device

and the base station using the geometry of triangles. Also,

to calculate the position of a node in two dimensions it is

necessary to know at least the distances of three beacons that

are not aligned (not collinea) [5].

C. ANGLE OF ARRIVAL

The method of arrival angle (AoA) allows determining the

direction of propagation of an incident radiofrequency wave

in a set of antennas based on the signal intensity during

rotations of the antenna (see figure 1). To calculate the AoA,

the address is determined at the time of arriving at the arrival

date (TDoA) individually in the elements of the matrix.

FIGURE 1. Incoming signal to an array of antennas.

Since the signal has to travel farther to reach each sub-

sequent antenna, a phase change is introduced. This phase

change between two subsequent antennas can be calculated

as follows (equation 1):

1φ = −2π
dsin(θ )

φ
(1)

where θ is the AoA, d is the distance between the two anten-

nas, f is the frequency of the signal and λ is the wavelength

of the signal.

FIGURE 2. Location of a point through an arrival angle.

The equation 2 is used to calculate θ to satisfy the

equation 1:

θ = arcsin

(

1φ · λ

−2πd

)

(2)

The AoA method can estimate the position of a tar-

get by intersecting several parts of angle direction lines

(see Figure 2), each formed by the circular radius of the base

station. This can be achieved with:

• Directional antennas through the point of highest signal

strength.

• A set of antennas measuring the arrival time.

In order to locate a beacon in a bidimentional plane, at least

two receiver sensors are required for the estimation of the

location with an improved precision comes from at least

three or more receiving sensors (triangulation).

D. TRILATERATION

Trilateration is a method that trivially seeks the intersection of

three circles [6]. The main difference between triangulation

and trilateration is that the first bases its precision on the

measure of angles formed by its reference nodes, and the

second, is based on the distance that exists from the refer-

ence node to the objective. The trilateration is the process

of localization of Rm taking into account only the distance

between at least m-1 reference nodes and the mobile device.

With m + 1 distances, the problem of nonlinear Trilater-

ation is to find the intersection of three circles with radii

centered on each reference node which equals the distance

obtained (see Figure 3).

FIGURE 3. Location in R2.
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To solve the problem of trilateration it is enough to find the

system solutions of the equation 3:




l21 = (x − x1)
2 + (y− y1)

2 + (z− z1)
2

l22 = (x − x2)
2 + (y− y2)

2 + (z− z2)
2

l23 = (x − x3)
2 + (y− y3)

2 + (z− z3)
2



 (3)

where (xi, yi, zi) represents the coordinates of the base sta-

tions and li are the distances associated with them from the

target to each reference node.

E. SPHERICAL TRILATERATION

According to [7] given three points in the space p1, p2, p3
the problem of trilateration is to find the location of a fourth

point p4 where the distances to the three reference nodes are

known, for which use is made of spherical trilateration.

FIGURE 4. Baricentric coordinates of the projection of p4.

As can be seen in the Figure 4 to find the location of

the target, use baricentric coordinates, therefore the location

of the orthogonal projection of p4 on the base ie p, can be

expressed as:

p =
A1p1 + A2p2 + A3p3

Ab
(4)

where A1, A2 and A3 is the area formed by the triangles

p1p2p4, p3p1p4 and p1p2p respectively, and Ab is the area

of the triangle p1p2p3. Decomposing and simplifying the

equation 4 can be expressed as in 5:

p = p1 +
A2

Ab
v1 +

A3

Ab
v2 (5)

where v1 and v2 corresponds to p2 − p1 and p3 − p1
respectively

As can be seen in the Figure 4 the area A2 can be obtained

by projecting the triangle formed by the points p3, p4, p1 on

the base plane p1, p2, p3, it is enough to multiply that area of

p3, p4, p1 by the angle formed by the two surfaces φ24.

A2

Ab
= +

√

D(p1, p3, p4)

D(p1, p2, p3)

A3

Ab
= +

√

D(p1, p2, p4)

D(p1, p2, p3)
(6)

Simplifying the equation 5 can be expressed as:

p = p1 + k1v1 + k2v2 (7)

where k1 and k2 equals
A2
Ab

and A3
Ab
, and these are represented

in the equations 8 and 9 respectively.

k1 =
D(p1, p2, p3; p1, p3, p4)

D(p1, p2, p3)
(8)

k2 =
D(p1, p2, p3; p1, p3, p4)

D(p1, p2, p3)
(9)

Once obtained an expression for the calculation of the

projection of p4 can be written as shown in the equation 10.

p4 = p± k3(v1 × v2) (10)

K3 corresponds to the height ratio ‘‘h’’ tetrahedron initially

raised and the module vector product of v1 and v2. As for

the sign preceding k3, it has to do with whether the point

sought is on one side or the other of the base plane defined by

the reference points. In the particular case that the module of

the vector product was one, then k3 will conclude with ‘‘h’’,

the height of the tetrahedron In the equation 11 it is shown

how to obtain the value of the height .

D(p1, p2, p3, p4) = 36V 2

h = +

√

D(p1, p2, p3, p4)

D(p1, p2, p3)
(11)

Since the vector result module of the vector product of v1
and v2 can be expressed as a Cayley-Menger determinant as

shown in the equation 12.

‖v1 × v2‖ =
√

D(p1, p2, p3)

k3 =
√
D(p1, p2, p3, p4)

D(p1, p2, p3)
(12)

Combining all the above results, a final expression

expressed in the equation 13 can be obtained in which the

coordinates of the mobile (p4) can be obtained directly as

input parameters the distances measured from the mobile

to the reference nodes, the distances measured between the

coordinates of the first point (p1) and the vectors define

between the other two reference points and the first.

There is ambiguity in obtaining the point sought because it

can not be distinguished with the measure of distances if the

point p4 is located on one side or the other of the base plane

that contains the beacons, what remains of manifest in the

final expression by means of the ± sign that appears inside it.

pu = p1 +
1

D(p1, p2, p3)
(−D(p1, p2, p3; p1, p3, pu)v1

+D(p1, p2, p3; p1, p2, pu)v2
±

√

D(p1, p2, p3, pu)(v1 × v2)) (13)

In the equation 13 the location of the mobile device will

be determined when D(p1, p2, p3, p4) = 0, this is when the

mobile device is located in the plane formed by p1, p2, p3.
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F. LOCATION BY WiFi

The IEEE 802.11 standard, also known as WiFi, is the most

popular wireless network technology. It uses radio waves to

provide wireless Internet access at high speed and network

connection. This technology allows to connect electronic

equipment (computers, tablets, smartphones, laptops, etc.) to

the Internet.

Like GSM, WiFi is not a technology dedicated to the

location of a device. However, it can provide valuable data

from it with very high accuracy. In order to locate a device,

the following four data are necessary:

• BSSID: MAC address of the Access Point that is serving.

For example 7c: b7: 33: e5: b8: 74.

• Channel: Channel on which the signal is transmitting.

• Frequency: Frequency at which the signal is being

transmitted.

• Signal Strength: Signal strength received by the mobile

device.

III. PROPOSED LOCATION SYSTEM

The proposed system is divided into two phases: (1) An appli-

cation to extract the necessary information for the location

of a mobile device within a GSM network when making an

emergency call. (2) An application on a server that interprets

the data extracted from the Android device to obtain the

coordinates of the device.

FIGURE 5. General diagram of the proposed system.

In Figure 5 the operation of the data extraction system

is shown. In which two macroprocesses can be highlighted:

Detection of the call to the emergency number 911 and send-

ing data to the server for processing.

Once the application is installed, the monitored numbers

are monitored. When the service detects that the emergency

number is dialed, the data of the base stations necessary for

the location and the power of the received signal are extracted.

Subsequently, the data is sent to the server that executes a

script so that the position is processed following the method

presented in [8].

A. DETECTION OF A CALL TO THE EMERGENCY NUMBER

A Broadcast Receiver responsible for responding to the

event when dialing 911 was developed to implement the

monitoring module for the dialed numbers. This process is

carried out by executing a service to extract information

FIGURE 6. Data extraction module for the location by GSM.

about the cells to which it is connected. a device As the

user advances or changes geographical area, the applica-

tion captures data on the cell that gives coverage and

stores them in a local database in SQLite to be sent to the

server (see Figure 6).

FIGURE 7. Data processing module on the server.

B. SENDING AND PROCESSING

THE TARGET COORDINATES

The extracted data is sent to the server for processing. The

server consults them on a platform to convert the data from

the base stations extracted from the smartphone to geographic

coordinates. These coordinates are stored in a database of the

server to serve as a basis for calculating the final position

of the target. It should be noted that the accuracy of the

application depends on the data provided by the platform.

Figure 7 shows the general operation of the module.

FIGURE 8. Target coordinate processing module.

The data extracted from the device serves as input to the

method described in [8]. This method converts the coordi-

nates data of the base stations to the coordinates of the target

device. Its general operation is shown in Figure 8.

Finally, as a result of the positioning method, a given

coordinate is obtained in latitude, longitude and altitude, this
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TABLE 1. Characteristics of the mobile devices of the experiment.

being the position of the device. This resulting coordinate

is entered into a map to obtain a clearer and easier way to

interpret the position of the objective.

IV. EXPERIMENTS AND RESULTS

It should be noted that for proper operation of the applica-

tion it is necessary to meet certain hardware and software

requirements which are found in most of the devices that are

currently on the market, ensuring that the application will

reach the largest number of Android devices.

A point to consider is the version of Android that is running

the device to avoid application failures because sometimes

depending on the version of android change the names of the

variables that contain the data that will be extracted.

To evaluate the system, four devices with Android versions

of 4.2.1 or higher were used because they represent the

97.6 % of the most used Android versions. Mobile devices

were positioned in different geographical areas of Mexico

City to test the effectiveness of the system. As an emer-

gency telephone number, 123 was configured so as not to

harm your activities. The emergency number was dialed at

different times of the day and in different circumstances.

Table 1 shows the characteristics of the devices used in the

tests.

FIGURE 9. Problem to solve.

Figure 9 shows the problem to solve. It shows the geo-

graphical position of three base stations and in the center

the position of the target. An important point to consider is

that the objective is within the area formed by the three base

stations. This ensures a good functioning of the proposed

location system.

TABLE 2. Time to obtain coordinates.

Once the application is executed, the monitoring of the

dialed numbers begins. If the dialed number is 123, the data

is extracted for the location. These data are sent to the server

so that the target coordinates are processed. Table 2 shows the

data extracted by the application and the coordinate given by

the commercial positioning platform as well as the time used

for its processing.

TABLE 3. Error of the obtained position.

With the geographic coordinates of the base stations,

we enter the algorithm responsible for calculating the coor-

dinates of the objective [8]. The Table 3 shows the result of

the calculation of the position of the objective as well as the

error measured between the real position of the device and

the position calculated by the proposed system. This error is

compared with the initial search radius, observing that it is

considerably reduced.

In the Figures 10, 11 and 12 the obtained results are shown

on a map to check the accuracy of the method in a visual

way. As it is observed, the error of the real coordinate and

the one obtained with the proposed positioning system does

not exceed 200 meters. This position is compared with the

area formed by the base stations that provide the service,

appreciating a reduction in the search area for emergency ser-

vices. This result shows that the proposed system is reliable

and that it does not affect the large coverage areas of the base

stations. Being a service that is present in most devices and

with the appropriate algorithms can be a technology that can

replace GPS providing accurate results.
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FIGURE 10. Result number 1 obtained by the proposed system.

FIGURE 11. Result number 2 obtained by the proposed system.

FIGURE 12. Result number 3 obtained by the proposed system.

V. CONCLUSION

In this work, a system has been presented to locate a mobile

device within the GSM network in case of emergency by

means of a method that involves the known positions of three

base stations and the power of the received signal.

For the application responsible for extracting data from

mobile networks used smartphones with an operating sys-

tem Android 4.1 or higher as it was found that in these

versions the application worked correctly for long periods

of time, in addition, the extraction and sending of data had

a lower use of mobile data, and the time of data extrac-

tion was reduced, which is concluded that to obtain good

results are recommended versions of Android 4 or higher, also

include the largest number of devices that are currently on the

market.

The experimental results, comparing the local database and

the database of the web server, showed that there are no

significant data losses, it only generates errors when there is

a null variable between the data sent.

One of the most important limitations is the use of the

platform in charge of obtaining the coordinates of the BTS,

since the result of the tests depends on the result of the query

to said API and the accuracy of the data shown.

Also, the evaluation results for the phase of processing the

target coordinates, the time taken to obtain these is very low

because they are used determinants for processing, obtaining

better results when the coordinates of the three base stations

form a triangle and the objective is inside this one. When

performing the analysis of the results obtained by comparing

the position obtained by the script against the actual objec-

tive position, it was observed that the search area of the

target is significantly reduced, making the emergency ser-

vices act more quickly, decreasing the time used for provide

assistance.
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