
Abstract
Occurrence of fire is an unpredictable activity needing very high attention. Early response for fire may lead to less damage 
of life and property. In this paper a work is proposed for evacuating the people to a safe point once fire accident occurs. 
The objective of the proposed work is to process the data acquired from smoke and temperature sensor to indicate the 
direction for movement of people. Computational technique is used to collect data from sensors and display safest path 
for people to evacuate from the building. Artificial Neural Network (ANN) is trained using particle swarm optimization 
to produce evacuation information. To test working of proposed technique it is subjected to several test cases, results 
obtained proves successful implementation of proposed work. 
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1.  Introduction
With the rapid development of economy, science, and 
technology, more and more large buildings are emerging 
both at home and abroad, resulting in increasing security 
and safety risks. A key activity in emergency management 
is planning and preparation for disaster. If the right safety 
measures are implemented beforehand, harmful effects 
can be significantly mitigated. Modern buildings are 
equipped with various gadgets for sophistication, enter-
tainment, security, etc. They can be assorted into different 
groups, starting with building safety. There is always a fire 
detection and alarm system that for example may include 
smoke detectors as data source. There have been several 
standard and regulatory bodies ensuring that every struc-
ture should implement safe and secure structure. These 
are some of the reasons which encourage many research-
ers and manufacturers to design new and improved fire 
safety and evacuation systems. 

Detection of fire is a primary concern and several 
researchers have also reported works on detection of fire 
like in1, an implementation of microwave radiometer 
for detection of fire is reported. Use of remote sensing 

satellites for forecasting fire danger is reported in2,3. In4, 
an electromagnetic device is used for monitoring of forest 
fire. Image processing techniques are used for detection 
of fire by the process of spatial temporal analysis in5. In 6, a 
temperature measuring technique is used for detection of 
forest fire. Cluster of gas sensors are used for detection of 
fire with the help of embedded microcontroller in7. Image 
sensors are used for detection of fire along with monitor-
ing of other health parameters for security and safety of 
buildings is reported in8. In9, a fire detection technique 
using optical, gas, and microwave sensor is discussed. 
Paper10, discusses the technique for monitoring of safety 
and security of building using sensors and communica-
tion technologies. Safety management of underground 
building using wireless sensor network is discussed in11. 
Though many of the researchers have reported techniques 
for detection of fire, it is seen that most work have concen-
trated on detection of fire at a particular place of structure. 
But very little work has been discussed on evacuation of 
people when any fire accident occurs. 

In literature few works have been discussed for 
evacuation like12, discusses errors involved when humans 
are involved in evacuation of buildings during an 
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emergency in coal mines. Agent based evacuation model 
is used for evacuation of people in case of building fire 
using predictable human analysis model is discussed in13. 
Similar work is proposed for evacuation of crowd during 
fire disaster in a concert venue using human aid in14. In 15, 
analysis of performance of evacuation model in a college 
library when fire occurs is discussed. In16, a model based 
evacuation model is discussed for evacuation of people 
from underground coal mines. Most of these reported 
works have discussed evacuation model based on human 
interference, but these techniques have human errors 
involved in it. 

In order to overcome the above said drawbacks an 
intelligent evacuation technique is discussed for movement 
of people during occurrence of fire. The proposed model uses 
the output of temperature and smoke sensor for processing 
of data using neural network computation. Evacuation sig-
nals are displayed in accordance to acquired signals from 
sensor with reference to architecture of building. 

The paper is organized as follows: after introduction 
in Section I, a brief description on diagram of proposed 
work is given in Section II. Section III discusses the meth-
odology of the proposed work followed by results and 
analysis in Section IV. Finally conclusion is discussed in 
Section V.

2.  Block Diagram
Evacuation process in case of fire emergency in a building 
is carried on using proposed technique with the block 
diagram as shown in Figure 1. 

Smoke and temperature sensors are placed at specific 
positions in the building. Outputs of sensors are connected 
to the computer with the data acquisition cards. Once the 
data is acquired it is processed using ANN algorithms to 
display information for safe evacuation of crowd from the 
building once fire emergency has occurred. 

2.1  Smoke Sensors
Proposed system uses ionization type of smoke sensors for 
detection of smoke. Ionization type smoke sensors are the 

most common type of sensors because of ruggedness and 
precision. The principle of ionization type smoke detec-
tors is given as: Alpha radiation from the Americium-241 
foil increases the ability of air to conduct electricity and 
thus ionizes the air through chamber allowing current 
flow. This current will be proportional to the ionization, 
and that in turn will be proportional to the amount of 
smoke detected. This current is converted to voltage and 
amplified to a range of 0 to 3V17. 

2.2  Temperature Sensors
For the measurement of temperature thermocouple is 
used. Thermocouple is a temperature measuring trans-
ducer working on thermally induced potential. It consists 
of two dissimilar metal electrode connected, this junction 
is termed as hot junction/junction where temperature is 
induced. The other end (cold junction) of the wire are used 
to measure the potential. The output measured in terms of 
voltage will be proportional to the change in temperature 
as compared to cold junction. Output of thermocouple is 
of the range mV, an instrumentation amplifier is used to 
scale up to a level of 0 to 5V18,19. 

2.3  DAQ Card
Signals from the sensors need to be acquired on to the 
system for computation. This is achieved with the data 
acquisition cards. Here we use a voltage input acquisi-
tion card by National Instruments (NI) USB6009. This is 
used to connect outputs of all sensors for continuous data 
monitoring on PC20. 

3.  Methodology
For computation of proposed fire evacuation system 
LabVIEW platform is used. LabVIEW is preferred over 
other platform as it is user friendly with graphical user inter-
face, real time plug and play data acquisition. LabVIEW 
consists of two panels named as front panel and block dia-
gram. Front panel is the one which is used for visualization/
interaction with designed system. Block diagram panel is 
one where, the actual programming is designed. 

To demonstrate working of proposed system, 
architecture is considered in a way consisting of three 
floors and three rooms each, having two stairs ways. 
All rooms and pathway are fitted with gas and tem-
perature sensors. The data from all these sensors are 
connected to data acquisition devices and acquired on Figure 1.  Block diagram of proposed system.

Smoke and temperature sensors are placed at specific positions in the building. Outputs of sensors are connected to the computer
with the data acquisition cards. Once the data is acquired it is processed using ANN algorithms to display information for safe
evacuation of crowd from the building once fire emergency has occurred.  

Figure 1. Block diagram of proposed system. 

2.1     Smoke Sensors 
Proposed system uses ionization type of smoke sensors for detection of smoke. Ionization type smoke sensors are the most 
common type of sensors because of ruggedness and precision. The principle of ionization type smoke detectors is given as: Alpha
radiation from the Americium-241 foil increases the ability of air to conduct electricity and thus ionizes the air through chamber 
allowing current flow. This current will be proportional to the ionization, and that in turn will be proportional to the amount of 
smoke detected. This current is converted to voltage and amplified to a range of 0 to 3V17.

2.2    Temperature Sensors 
For the measurement of temperature thermocouple is used. Thermocouple is a temperature measuring transducer working on 
thermally induced potential. It consists of two dissimilar metal electrode connected, this junction is termed as hot 
junction/junction where temperature is induced. The other end (cold junction) of the wire are used to measure the potential. The
output measured in terms of voltage will be proportional to the change in temperature as compared to cold junction. Output of 
thermocouple is of the range mV, an instrumentation amplifier is used to scale up to a level of 0 to 5V18,19.

2.3    DAQ Card 
Signals from the sensors need to be acquired on to the system for computation. This is achieved with the data acquisition cards.
Here we use a voltage input acquisition card by National Instruments (NI) USB6009. This is used to connect outputs of all 
sensors for continuous data monitoring on PC20.   

3.  Methodology 
For computation of proposed fire evacuation system LabVIEW platform is used. LabVIEW is preferred over other platform as it 
is user friendly with graphical user interface, real time plug and play data acquisition. LabVIEW consists of two panels named as
front panel and block diagram. Front panel is the one which is used for visualization/interaction with designed system. Block 
diagram panel is one where, the actual programming is designed.  

To demonstrate working of proposed system, architecture is considered in a way consisting of three floors and three rooms each,
having two stairs ways. All rooms and pathway are fitted with gas and temperature sensors. The data from all these sensors are 
connected to data acquisition devices and acquired on to LabVIEW platform. Front panel of proposed system is designed 
consisting of a replicating model of architecture. Indicators are placed on those to monitor the conditions of the building, color of 
the indicators shows whether any fire incident has occurred. Three strings indicators are used to shows the evacuation message for
people to safely move out the building. These string indicators can be considered to be placed on respective floor of the building. 
A manual override button is also placed to reset the entire process and also to initialize a manual alarm. Figure 2 shows the front
panel of proposed system.  
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to LabVIEW platform. Front panel of proposed system is 
designed consisting of a replicating model of architecture. 
Indicators are placed on those to monitor the conditions 
of the building, color of the indicators shows whether any 
fire incident has occurred. Three strings indicators are 
used to shows the evacuation message for people to safely 
move out the building. These string indicators can be con-
sidered to be placed on respective floor of the building.  
A manual override button is also placed to reset the entire 
process and also to initialize a manual alarm. Figure 2 
shows the front panel of proposed system. 

Block diagram of proposed system consists of palettes 
used for programming. Firstly, DAQAssit is used to acquire 
the data from both the sensors. Once data is acquired, it 
is used to display the condition of all rooms at any instant 
of time. Indicators are used for purpose of same, color 
of these indicators act as indication of its state. This is 
achieved with the numeric to color palette, the principle 
of this is variation of RGB intensity to achieve variations 
in color. Initially blue is made zero, green is kept con-
stant, and red is connected with output of sensors, as it 
increases with intensity of fire output indicator color also 
varies towards red.

For the purpose of indication of evacuation signal 
to the crowd in the building three string indicators are 
used, these indicators will display path which is safe for 
movement of crowd. Artificial Neural Network (ANN) 
algorithm is used for computation of evacuation path. For 

computation a multi layered perceptron neural network 
comprising of three hidden layer is trained using particle 
swarm optimization algorithm21,22. Training of neural 
network is carried on such it checks for nearest neighbor-
hood of each room, for increase or decrease in values of 
smoke and temperature sensors. The target of neural net-
work block will be the sequence of fire movement. This 
output of neural network is further used to display the 
movement of crowd for safe evacuation.

4.  Results and Analysis
For testing of proposed work many sequence of tests are 
done with igniting fire under different sensor to moni-
tor each room conditions. A set of around 100 cases 
were done, results shown on the front panel of LabVIEW 
is shown in Figure 3, Figure 4, Figure 5 and Figure 6 
obtained for sample cases. The indication represents both 
individual condition of each room and also evacuation 
information for crowd. 

In another incident occurrence of fire is in second floor, 
proposed technique was able to detect the same accurately, 
colors of the indicators used also indicate the intensity of 
fire as seen in Figure 5, similar results can also be seen in 
Figure 6 for occurrence of fire in right side of the building. 

Figure 2.  Front panel VI of proposed system.
Figure 3.  Result on front panel VI when no fire 
emergency.
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Figure 4.  Result on front panel VI with fire emergency.

Figure 5.  Result on front panel VI with fire emergency.

For testing, a condition is also created with no fire 
emergencies. Output for the same can be seen in Figure 3. 
Similarly a condition is created where occurrence of fire 
is in first floor, and spreading. Since the area is not safe 
a string data displays information for crowd to take the 
right stair way path, as shown in Figure 4.

Figure 6.  Result on front panel VI with fire emergency.

5.  Conclusions
Population of people is increasing rapidly in cities, to 
accommodate the population it has become a necessity 
for any structure let be a housing complex, shopping com-
plex, industry, hospital, etc. to expand vertically. Scenarios 
like fire accidents if not attended in a proper way would 
lead to high loss of life. It becomes very important to have 
a proper crowd management system in place, when such 
unforeseen events occur. Dependence on human’s always 
would not be a better solution, so a technique is proposed 
using technology of sensors and computation languages 
for safe evacuation of crowd on occurrence of fire. 

Proposed technique used ionization gas sensors and 
temperature sensor to monitor occurrence of fire, and 
soft computation tool like ANN is used to find the safe 
evacuation model. 

Proposed system was tested with more than hundred 
test case, results produced were actually matching with 
real results to an accuracy of greater than 95%, few results 
obtained are also shown in Figure 3 to Figure 6. The per-
formance obtained is satisfactory and can be implemented 
to real life application. 

Improvement of the present technique can be achieved 
by incorporation of system to detect the presence of 
humans, take actions for evacuation. Ascertain the 
severity within the constraint of time. 
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