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	Introduction	
 

Floods, earthquakes and other types of natural and human caused disaster can occur anytime and 
at any place on Earth. Due to changes in world climate, natural disasters nowadays may occur 
even at places previously spared. Unfortunately, emergency situations, especially natural ones, 
cannot always be prevented. In order to reduce the casualties and damage after the disaster has 
already occurred, promptly and rapid reaction of first responders is required. To get the clear 
picture of the disaster scale, situation awareness tools along with the decision support systems are 
seen as a must in efficient emergency management.  
Among different inputs to situation awareness tools, positioning information plays a crucial role. 
By knowing the exact position of each first responder in the field, a better overview of the mission 
progress is achieved, and possibly dangerous situation can be detected in a timely manner, leading 
to the reduced number of casualties among first responders and victims. Global Navigation 
Satellite Systems (GNSS) are known to provide accurate world-wide positioning on the order of 
2-3 m whenever signals from sufficient number of satellites can be received. This condition, 
however, cannot always be met, especially inside the buildings, tunnels, underground, etc. where 
emergency situations are likely to occur. Inertial Navigation Systems (INS) have long history in 
aerospace and submarine navigation. INSs employ measurements obtained by high precision 
inertial sensors (accelerometers, gyroscopes and magnetometers) to obtain the position by using 
dead-reckoning algorithms. It represents a fully independent system that does not rely on any 
external infrastructure. Despite its popularity in these areas, INSs have never reached widespread 
usage for search and rescue operations due to large size and high cost of such systems.  
In recent years, improvements of MEMS devices quality and steady decrease of manufacturing 
costs have resulted in a massive production of precise miniature inertial sensors, embedded in 
everyday devices such as smartphones, fitness trackers, etc. Although inertial sensors were 
initially used for video game control and automatic screen orientation change, the possibility to 
use them for autonomous indoor positioning systems has been investigated as well. The current 
SoA (State Of the Art) inertial sensors found in smartphones and other devices experience notable 
measurement drift, which renders them unsuitable for indoor positioning using standard INS dead-
reckoning algorithms. Nevertheless, during regular user walking, large change in acceleration, 
observed during each step, can be used for step detection which together with other measurements 
can serve to determine user’s current position. 
In this document, we present an improved system for real-time tracking and situational awareness 
of first responders in emergency situations - FLARE. The system is based on the architecture 
provided in technical solution [1] and it is based on the Android application for indoor positioning 
and web server application for storing real-time tracking information and showing it on the screen. 
Android application can use measurement data from embedded inertial sensors (accelerometer, 
gyroscope, magnetometer and barometer), internal and external GNSS receiver. Besides tracking, 
Android application provides additional features such as backtracking (return to the initial point), 
automatic floor detection, activity recognition and a brand new feature called collaborative 
positioning where positions of other users in the field are shown on the screen. 
The main parts of improved  FLARE system, FLARE Android application and FLARE server, are 
described in the sequel: 
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FLARE	Android	application	
 

Introduction	
FLARE Android application has been developed in order to provide users (first responders, 
mission commanders, etc.) with accurate positioning information. Besides, positioning data are 
uploaded to the remote server, whenever network connection is available, allowing for easy 
position awareness among different users. FLARE app is built so that it can use two positioning 
data sources: 

 External GNSS module connected via Bluetooth connection 
 Smartphone’s internal GNSS module 

External GNSS module is expected to provide more accurate position, especially indoors where it 
uses inertial sensors with zero-velocity updates to estimate current position without GNSS 
satellite coverage. Nevertheless, in some situations (users inside the vehicles), external GNSS 
module is useless since the users do not walk and therefore zero-velocity updates cannot be used. 
In addition, external GNSS module may experience GNSS signal outage, since the  receiving 
antenna is foot mounted. In such situations, FLARE application automatically switches to internal 
GNSS module whenever external GNSS module is unable to provide accurate positioning data, 
leading to the more robust positioning. 
FLARE application is also designed to be robust to connection outages. It continuously stores 
positioning and other related data to the local database storage. Whenever connection to the 
FLARE server is available, local database is synchronized with the remote database. In such a 
way, authorized personnel (e.g. mission commanders) are aware of current positions of all first 
responders in the field, resulting in a more efficient and safe mission operation management.  
Regarding network connection state, FLARE app can operate in two modes: 

 Offline mode – application shows only position of the user itself, and data are not 
synchronized to the remote server 

 Online mode – application synchronizes local positioning data with the remote server and 
shows positions of other users belonging to the same mission group in near real-time. 

The application is designed to automatically switch operation mode depending on the network 
connection availability. 
In the case of an emergency, first responder can trigger an alarm that immediately activates “help 
me” message at smartphones of other first responders belonging to the same mission group. 
Besides, if unusual condition is detected (e.g. user is not moving for some period of time), 
application automatically sends alert message to the FLARE server. 
FLARE app also features the backtracking mode, that guides the user to the starting point. This is 
especially useful when indoor maps are not available and in situations where the user needs to 
abandon the building quickly. In addition, to be more user friendly, application supports audio 
feedback (speech synthesis), so that user can focus on more important mission tasks instead of 
looking at the screen. 
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Use	Cases	
In the sequel, we present a number of FLARE application screenshots for the corresponding use 
cases: 

User	login	

When the application starts for the first time, a screen asking for user credentials is presented 
(Figur). 
Later, if the user needs to set another username/password, she can do that in the settings menu 
(Figure ). 
 

 
Figure 1 – Login screen Figure 2 – Application settings 
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Mapping	/positioning	

Once the user logs in, she is presented with the map as shown in Figure , with graphical user 
interface elements explained in Table 1. 

 
Figure 3 – User interface 

 
Table 1 Graphical user interface elements 

Element 
number 

Element function 

1. Add new waypoint 
2. Activate/deactivate alarm 
3. Chose whether the map is automatically centered at the user’s current location 
4. Show current floor (if floor calibration has been previously performed). By 

default each floor is set be 3m high. User can set the current floor by long click 
on the corresponding floor. 

5. Application status (online/offline) and current height in meters. 
6. Activate/deactivate backtracking mode 
7. Activate SBG Ellipse Bluetooth connection 
8. Application settings 
On the map itself the starting position is represented by red pin, location of other users in the same 
group by blue pin, and the current position by yellow arrow (Figure  above). 

Add	new	waypoint	
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The user shall long click at the location where new waypoint is to be added. A dialog box (Figure 
) appears allowing user to choose among different waypoint types. This operation can be 
cancelled by clicking cancel. 
Once the waypoint type has been chosen, user can add optional comment (Figure ) and then 
confirm by clicking on save waypoint. 
If users are connected to the internet, the waypoint is automatically shown at the screen of other 
users that belong to the same mission group. 
 

Figure 4 – Add waypoint Figure 5 – Add waypoint comment 
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FLARE	Server	

Introduction	
The purpose of the FLARE Server is to gather and organize positioning data sent by Android 
FLARE App and provide them to other parts of the system. The data are stored in a relational 
database structured to support different user roles, so that access to data can be limited by per-role 
basis. Besides, FLARE Server provides graphical user interface that allows a user to enter or 
update mission related data, and also to access either their own or other data they are permitted 
access to. 

Design	
The architecture of FLARE Server is shown in Figure 6. As can be seen, web application is 
designed around MVC (Model-View-Controller) software architectural pattern, where 
presentation, business logic and data access are implemented as separate software modules. 
Clients (FLARE Android App) send requests to FLARE Server over Internet, and get responses in 
JSON or GeoJSON format.  
All communication between FLARE Server and client is secured using HTTPS protocol, in order 
to prevent eavesdropping. In addition, data stored locally at smartphone and remotely at FLARE 
Server database will be encrypted. The main reason for data encryption is to prevent data leakage 
if the device is lost or stolen. 
 

Database server

Internet

FLARE app

JSON
GeoJSON

Web Application/Server

PRESENTATION

DATA ACCESS

BUSINESS

 
Figure 6. FLARE Server architecture 

First responder runs FLARE App that stores positioning data in the local memory storage of 
smartphone. These data are periodically sent to FLARE Server (depending on the network 
connection availability and quality) that stores them in relational database with the structure 
shown in Figure 7. 
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mission_group_memberships

PK id

FK2,FK3 mission_group_id
FK1 user_id

users

PK id

username
password
name
surname
email

FK1 role_id

missions

PK id

mission_name
FK3 mission_commander_user_id
FK1 country_id
FK2 city_id

countries

PK id

country_name

cities

PK id

FK1 country_id
city_name

sessions

PK id

FK1 mission_membership_id
created

tracks

PK id

FK1 session_id
created

track_points

PK id

FK1 track_id
datetime
latitude
longitude
altitude
user_activity

waypoints

PK id

FK1 session_id
datetime
latitude
longitude
altitude
user_activity
comment

mission_groups

PK id

FK1 mission_id
mission_group_name

FK2 mission_group_commander_user_id

roles

PK id

role_name

 
Figure 7. FLARE Server relational database structure. 

Relational database has been chosen since it perfectly fits the hierarchy of data (see Figure 8), and 
allows easy filtering and sorting of data according to different criteria. As can be seen in Figure 8, 
each mission has one or more mission groups. Users can then be assigned to different mission 
groups, depending on their role in the mission (e.g. users that are sent together to some specific 
area). Each time a user starts the FLARE App, new Tracking Session is created, used to logically 
group different position tracks and waypoints.  

 
Figure 8. Mission and tracking data hierarchy 

Each user is assigned to the specific role (admin, mission commander, mission group commander, 
first responder), that permits the restriction of data access only to those users that either created 
the data or has been permitted access (e.g. each first responder can see positions of all other first 
responders belonging to the same mission group). 
For each FLARE app client request, FLARE Server creates a response in MVC fashion, as shown 
in Figure 9.  



 
 

9 
 

 

 
Figure 9. FLARE Server request and response processing 

1. Client sends a request that is processed by Dispatcher (used to assign the request to the 
Controller module that is in charge of processing it). 

2. Request data are passed to specific Controller module 
3. Controller module makes a query to the database server 
4. Database server responds with data 
5. Data from database are passed to view layer (used to create and format JSON or GeoJSON 

response) 
6. Response is sent to the client 

Implementation	
FLARE Server is implemented by using CakePHP framework (www.cakephp.org) along with 
MySQL relational database server. CakePHP, which follows MVC architectural pattern, allows 
fast application development since it already has a number of necessary features built-in 
(Authorization, Authentication, Security, Error Handling, Data Validation, etc.). 
In CakePHP terms, the Model represents a particular database table/record, and it’s relationships 
to other tables and records. Models also contain data validation rules, which are applied when 
model data is inserted or updated. The View represents Cake’s view files, which are regular 
HTML files embedded with PHP code. Cake’s Controller handles requests from the server. It 
takes user input (URL and POST data), applies business logic, uses Models to read and write data 
to and from databases and other sources, and lastly, sends output data to the appropriate view file. 

FLARE	Server	Web	Portal	Interface	
For the purpose of entering and updating data about users, missions, and other related data stored 
in the FLARE Server database, Web Portal has been developed. Web Portal consists of two parts: 

1. Public part: accessible by any user 
2. Protected part: accessible only by logged-in users. Protected part shows different set of 

options depending on the user role (e.g. admin can access all options, whereas first 
responders can only access a subset of data) 

In Figures 10 and 11 we present a couple of screenshots showing web interface for viewing user 
positions in real-time. 
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Figure 10. View user position tracks 
 

Figure 11. View all users belonging to the same 
mission group 
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Review of the technical solution  

Android application for indoor positioning 

This technical report describes an improvement of indoor positioning system for 
first responders in emergency situations. The system consists of two parts: 
FLARE Android application and FLARE server that are descibed in detail. FLARE 
application uses various positioning sources such as internal and external GNSS 
receiver and inertial sensors in order to be more robust to sudden GNSS signal 
outages. The position and other related data are stored locally and transfered to 
FLARE server whenever good networks connection is available. 

Improved version of application adds collabrative positioning mode, where 
positions of other users in the field are also shown on the screen, leading to 
more effective and safe missions. Web interface of the FLARE server is improved 
and now it allows authorized users to filter tracking data according to missions, 
users, etc. It also allows authorized users to add and modify mission related 
data. The overall database structure is provided in detail along with mission and 
tracking data hierarchy.  

Graphical user interface of both Android app and FLARE web application is very 
intuitive, attractive and presents clearly all the required information.  
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