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Abstract— When an emergency occurs, like a fire alert, people 
usually follow the fixed escape route. However, they will not 
necessarily know where the fire is and which way would be the 
best route to exit the building. Sometimes people get panicky and 
the escape guidance might not be adequate or clear enough. In 
order to provide safe and correct guidance when emergencies 
happen, an emergency crowd guidance system was designed and 
implemented. In the system, a wireless sensor network, RFID, 
and a smart handheld device were integrated to provide a real-
time, active, intelligent guidance system for fire evacuation. 
Moreover, an emergency guidance algorithm was run in the 
central control module of the proposed system displaying the 
evacuation route on mobile devices. Also, in the proposed system, 
the user can obtain information of the environment and get 
evacuation guidance with a well-marked arrow on a mobile 
device. 
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I.  INTRODUCTION 
According to an estimation of the United States Census 

Bureau, there were 7.057 billion people in the world at the end 
of 2012. It leads to buildings becoming higher and more 
complicated in cities. Because of buildings being complicated, 
people might evacuate in the wrong direction when an 
emergency, like fire, occurs. So it is imperative for evacuation 
to be as effective as possible in an emergency. To navigate 
people out of danger, accurate information is needed.  

First, for emergency guiding purposes the evacuation path 
in a building needs to be determined. There is adequate 
research regarding emergency evacuation, some of it uses 
guidance algorithms; others focus on guidance systems, Fire 
Escape Equipment location, etc. In 2006, Tseng et al [13] 
proposed an emergency guidance algorithm using a wireless 
sensor network to prove the algorithm. Cheng et al [3] propose 
a load-balancing emergency guiding system (LEGS), which 
uses corridor capacity and time to balance the evacuation time 
of each path.  

Second, various parameters of environment are needed for 
evacuation guidance algorithms to operate the path. The most 
popular way of collecting information about environment is 
using wireless sensor networks (WSNs). WSN can be used for 
monitoring physical environment conditions such as luminance, 
humidity, temperature, etc. The application includes air 
pollution monitoring, building monitoring, etc. It is a mature 
and widely used technology. 

Third, to navigate people out of a building the location of 
each user needs to be known. The algorithm also needs 
information regarding the number of people in the building. 
RFID indoor location is a popular and precision technique used 
for this. It uses an RFID Reader and RFID Tag to contrast the 
quality of signals to exactly locate each person. 

In this study, a system with location, environment 
information, algorithm, database, and application was designed 
to establish a real-time emergency crowd guidance system. The 
system was set up in a hotel to test. 

This paper is organized as follows: In section 2, related 
work on emergency evacuation, wireless sensor networks, and 
indoor locations are given. The system design is briefly 
discussed in section 3. Section 4 discusses the design of the 
application system. Section 5 gives the system Prototype 
Implementation. 

II. RELATED WORLS 
In this system design, indoor location, environment sensing, 

emergency evacuation guidance technology, and handheld 
application for emergency evacuation guidance algorithm were 
used to navigate people out of danger. 

For determining location, the global positioning system 
(GPS) is usually used outdoors; however, it cannot be used 
indoors because the signal is too weak. Getting precision in 
indoor location sensing is a problem to be solved. For the past 
few years, many studies using different methods [2, 6, 12] have 
been done. Different types of hardware were used to find 
indoor location like Wi-Fi, ZigBee, Bluetooth, and RFID. 
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Because of its superior precision, RFID has become popular for 
determining indoor location. L. M. Ni. et al [10] propose an 
indoor RFID location method, LANDMARC, it uses many 
RFID Readers and Tags for location. To reduce RFID 
hardware and increase precision M. G. Lee et al [9] proposed a 
VSLS system in 2010. VSLS is based on the same principles 
and rules as LANDMARC, and using the virtual tags and an 
auto-pilot car to depict signals. VSLS also uses the On-line and 
Off-line idea to get signal strength from virtual tags. VSLS 
reduces hardware by using virtual tags and improves the 
precision. 

Wireless Sensor Networks (WSNs) is a popular subject in 
environmental sensing and electrical equipment control. WSNs 
are usually applied with ZigBee communication protocol for its 
low data rate, long battery life, and supporting multiple 
networks as star, tree, and meth. ZigBee wireless sensor 
network is applied in many research and ecology environment 
monitoring projects [5, 7, 14]. In 2009, Choi et al [1] used 
wireless sensor network to monitor and control indoor air 
quality in a subway station. And in 2010, Yu et al [16] also 
proposed a context-aware living environment (CALE) using 
the ZigBee sensor network to collect the information and 
control the electrical equipment in an office. 

The emergency evacuation research [8, 11, 15] has many 
different aspects including macro-phase, micro-phase, crowd 
guidance, single guidance, etc. There is some research on how 
fast people can move in a crowded space, like Fang et al’s [4] 
survey of crowd dynamics for a model for pedestrian 
movement and development of the main train station of Wuhan 
City in China. Some research has been done on the shortest and 
safest evacuation paths. In 2012, Zhou et al [17] proposed the 
multiple streaming crowd guidance (MSCG). The MSCG 
blends the macro- and micro-phases and gives each person 
individual evacuation guidance. In MSCG, the evacuation path 
operates according to temperature, humidity, light, CO, CO2, 
area capacity, fire propagation, etc. The concept of water flow, 
from high to low, is used in guiding people. According to the 
MSCG algorithm, people are navigated separately according to 
the distance and capacity of exits. 

III. SYSTEM DESIGN 
In this study, an emergency crowd guidance system was 

designed to navigate people out of dangerous buildings using 
an intelligent active alert application. The system comprises: 
the location module, the environment sensing module, the 
central-control module and the application system as well as 
the framework of the system as in Fig.1. Each module was 
controlled by the central-control module and connected with 
the database. The location and environment sensing modules 
transmitted information to the database. The central-control 
module sent commands to other modules according to the 
information from the database. The database sent the 
information regarding evacuation to the application system. 
Each module is described below. 

The Location module was used to inform the system how 
many people are in the space, and each one’s know location in 
the building. The VSLS was used to build virtual tags in the 
building and the On-line and Off-line system was used to 

determine the location of the user. The location information 
was transmitted to the database. And the algorithm also used a 
number of spaces for operating the guidance for each person. 

The Environment sensing module responded to variations 
of in the environment. It used the ZigBee wireless sensor 
network to collect environment information. This module used 
a controller to control the speed of collection and the state of 
the environment. In the system, this module was used for real-
time response to changes in environment and feed back to the 
Central-control module. The central-control module can use the 
data to operate the guidance, or the user can inquire about the 
situation of the environment via the central-control module. 

The Central-control module integrated all of the modules 
in the system. It saved the location and environment 
information in the database to be used by the algorithm. The 
central-control system also supported user inquiries regarding 
location and environment. Users could use their mobile device 
to connect to the server via the Internet at any location. The 
central system consists of the crowd guidance algorithm and 
the database system. The algorithm was started or stropped by 
the central-control system which also stored the results to the 
database. The database recorded all information and events and 
provided them to the other systems as needed. The framework 
of the central system is as given in Fig.1. 

The Application system gave users their location and the 
information about environment. It had two different modes: 
normal mode and danger mode. Each mode had a different 
function in providing the information and evacuation guidance. 
This is explained in detail in the next chapter. 

 

 
Figure 1.   System Framework 
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IV. APPLICATION DESIGN 
The application system is a very important component of 

the system design. It was used to supply path information and 
guidance for each user. The user could obtain any information 
they needed from the application system including the 
temperature, humidity, illumination, location, etc. 

In fact, the application is the only way to establish contact 
with user and system. Therefore, the correct, useful information 
is vital. For this purpose the two modes were designed, 
“normal mode” and “danger mode”, as in Fig.2. Each mode 
provided different information.  

 
Figure 2.   Design of Application System 

In normal mode, the system provided environmental 
information and the location of the user, user can inquire 
information and the location anytime and anywhere. User could 
also check information regarding another space even when not 
in the room. With danger mode, the application only provided 
the direction of evacuation. The system used well-marked 
arrow pointers to show the direction and used an Electronic 
Compass to keep the arrow pointing the right way. At the same 
time of the user evacuation, system changed the color of the 
arrow for a different space. The arrow would be red when user 
nears the fire, yellow if between fire and exit, and green if near 
exit. The purpose is not only giving directions, but also 
preempting and avoiding irrational behavior by building 
confidence and a sense of security. 

A. Normal Mode 
Should there not be any fire, the application would operate 

“Normal Mode”. When in normal mode, the mobile device 
would send the IMEI to the Server. Then it would find the Tag 
ID which is being mapping with the IMEI, and the server 
would return the location of the user and display it on the 
device. At the same time, the application would show the 
ZigBee sensors on the device. Should a user want to get the 
information from a sensor just touching the icon would be 
sufficient. The application would get the temperature, humidity, 
illumination at a sensor from the server and display it on the 
device. The flow chart of normal mode is as in Fig.3. 

 
Figure 3.  Flow Chart of Normal Mode 

B. Danger Mode 
In case of an emergency, the Central System would send a 

warning message to each mobile device. After the message has 
been clicked, the device would send the IMEI to the server and 
return the location and evacuation path from the server. Then 
the direction of evacuation would be indicated using an arrow 
point. In case of the user facing in the wrong direction, the 
application would use the Electronic Compass to rotate the 
arrow in the right direction after recoding the angle between 
the building and terrestrial magnetism. At the same time, the 
system would determine the distance between user to exit, and 
indicating it with different color arrows: green, yellow, and red.  

 
The arrow would change the color real-time when user 

nears the fire, nears exit, and between fire and exit. And the 
flow chart in case of danger mode is as Fig.4. 

 
Figure 4.  Flow Chat of Danger Mode 
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V. PROTOTYPE IMPLEMENTATION 
In the prototype, a system with eight sensor nodes was built 

on one level with two exits. HTC One X was used as mobile 
device. It had a 4.7-inch LCD screen, quad-core 1.5GHz, 1 GB 
Ram, and used Wi-Fi to connect to the Internet. The 
application was programmed with JAVA on Android 4.0. The 
two different modes in could be set on either normal or fire. In 
normal mode, the user could check the environment 
information as well as location, and could click the sensor icon 
to check information about each place, as in Fig.5 and Fig.6. 

 
Figure 5.  Information and Location in Normal Mode 

 

 
Figure 6.  Environment information of the sensor 

In case of an emergency, the system would send a warning 
message as in Fig.7. The user could click the message and 
move to danger mode. During evacuation guidance, the arrow 
on the device would change to different colors according to the 
distance between user and exit. The colors would be red, 
yellow, and green according to the user’s position as in Fig.8. 

 
Figure 7.  Device receiving a warning message 

 

   
Figure 8.  Different Color Arrows 

VI. CONCLUSIONS 
During an emergency, it is important that evacuees be 

directed efficiently. In this study, an emergency evacuation 
system was designed with a wireless sensor network, RFID 
location technology, and mobile application. It could 
effectively guide people along an evacuation path using a well-
marked arrow when in danger mode and providing information 
of the environment in normal mode. Moreover, an Electronic 
Compass was used to make the arrow point in the right 
direction. In the prototype implementation, a real-time 
emergency evacuation system was applied to navigate towards 
the exit using evacuation guidance. In future, the emergency 
evacuation system can be linked with fire-fighting equipment 
or a station house, making a building safer and smarter.  
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