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Abstract 
 
Recently, urban structures including buildings are becoming increasingly large and super high-rise making human life more convenient. 
As the number of super high-rise buildings increases, the risk of fire and other disasters is also increasing. Deaths and injuries would be 
tremendous than imagined if the evacuation guidance would not be provided promptly and precisely for the occupants in case of a fire in 
super high-rise buildings. Therefore, rapid rescue should be done for those who are in need of immediate assistance or rescue in the 
building. In this paper, the proponents propose a method for intelligent evacuation guidance by deriving the optimal evacuation route 
based on the fire location. To do this, a simulation and modeling method is also being proposed for calculating the optimal evacuation 
route based on the fire location, the number of residents and evacuation speed information when a fire occurs in super high-rise buildings. 
For this to happen, the evacuation type that is suitable for building type and resident characteristics must first be extracted through the 
evacuation simulator. If a fire actually occurs, evacuation proceeds according to the scenario extracted through the simulator. When the 
evacuation starts, the location information and the evacuator speed information are being collected in real time. Using this information, a 
modified evacuation route that can shorten the evacuation time would be obtained using the evacuation route change condition formula. 
Also, the location-based evacuation model informs residents of the optimal evacuation route and provides firefighters with location in-
formation of residents. This study models the optimal evacuation method for super high-rise buildings by simulating the evacuation type 
selection and implementing the evacuation route change condition formula using the location information collected in real time. Finally, 
the location-based evacuation model consists of the location identification technique required to derive the evacuation route and the op-
timal evacuation route calculation based on the resident's location information. 
 
Keywords: Dynamic Disaster Response based Real-time Information, Evacuation Guidance Type, Evacuation Route, Evacuation Simulation, Location 
Identification 
 

1. Introduction 

With the rapid increase in the population of the city due to indus-
trialization, the buildings are increasingly becoming larger and 
more complex [1][2][3]. Also, as the size of the buildings grows, 
there are many floating populations besides the existing residents. 
If social disasters such as fires occur in high-rise or large-scale 
buildings, large-scale casualties and social losses could be ex-
pected to occur. Therefore, in the event of a major disaster such as 
a fire, it is necessary to quickly identify the occupants in the build-
ing, and then provide rapid evacuation guidance. 
In general, disaster types are classified as natural disasters such as 
typhoons and floods, and social disasters such as terrorism and 
facility collapse. While natural disasters can be predicted in ad-
vance, social disasters are difficult to predict. Disaster manage-
ment requires staged activities such as preparation, response, and 
recovery. The preparation stage focuses on activities such as evac-
uation message dispatch and announcement inspection before a 
disaster occurs, and the response stage mainly carries out activities 
to rescue the victims. The recovery stage performs the overall 
recovery procedure after the disaster ends.  

When a fire occurs in super high-rise buildings, quick initial re-
sponse is essential in order to minimize the casualties. In case of a 
fire, the alarm sounds and the evacuation announcement is broad-
casted, however, evacuation may become difficult because resi-
dents cannot easily understand the evacuation situation in super 
high-rise buildings. To solve this problem, it is necessary to use 
location identification technology in order to identify residents in 
buildings, the size and the location of the people inside the build-
ing for the quick evacuation guidance.  
In super high-rise buildings, generally, residents may be restricted 
by autonomous behavior due to a limited space and when a disas-
ter such as a fire occurs, it may become difficult for residents to 
make a reasonable choice due to limited information and space. If 
the residents of high-rise buildings receive the optimal evacuation 
route in the event of a fire, then the evacuation time will be short-
ened effectively. In order to achieve this goal, research on a loca-
tion-based evacuation model is needed. 
Researches have been conducted on large-scale disasters such as 
fires. There was a study that implemented an escape route search 
algorithm in the event of fire or terrorist attacks [4], and a study 
that proposed an evacuation guidance algorithm using mesh rout-
ing in high-rise buildings [5]. Also, there are researches related to 
a real-time evacuation guidance system using a variable induction 
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device in case of an underground space fire [6], and a study that 
suggests an evacuation simulation system that can be used in actu-
al disaster situations [7]. One of the most represented international 
studies was focused on the investigation of terrorism in the US 
World Trade Center [8]. In this study, 30 items were proposed in 
relation to the protection of fire in super high-rise buildings. 
In this paper, an efficient evacuation guidance method when a 
disaster such as fire occurs in super high-rise buildings will be 
studied. This study proposes the simulation and modeling method 
in order to calculate the optimal evacuation route based on the fire 
location, the number of residents and evacuation speed infor-
mation. In order to extract the scenarios that can be used in real 
fire, the type of evacuation which is suitable for the building type 
and the resident characteristic was extracted through simulation. 
Also, the modeling of the optimal evacuation method was per-
formed for super high-rise buildings by simulating the evacuation 
type selection and implementing the evacuation route change con-
dition formula using location information that was collected in 
real time.  
The rest of this paper is organized as follows. Section 2 discusses 
the evacuation model based on location identification. The exist-
ing evacuation model presented in the previous studies was ana-
lyzed, and then an evacuation model was suggested based on real 
time location information. In Section 3, the evacuation modeling 
based on simulation was proposed. Also, evacuation type deriva-
tion for safe and rapid evacuation was performed by using evacua-
tion simulator based on building information and resident infor-
mation. In Section 4, the evacuation simulation was performed 
using the Pathfinder, an evacuation simulator, and then the simula-
tion results were analyzed. Section 5 concludes this paper and 
proposes the future research. 

2. Location-Based Evacuation Model 

Although the probability of a fire in high-rise buildings is low, the 
damage can be very large. Moreover, it is difficult to find evacua-
tion routes because there are usually too many residents in the 
narrow spaces of high-rise buildings. Also, when residents evacu-
ate for a long time in a closed space such as an emergency stair-
case, psychological anxiety and physical problems may occur. 
Due to the complexity of high-rise buildings, it is difficult to pre-
dict the propagation path of the flame and to understand the situa-
tion for evacuation and rescue. In case of a fire in high-rise build-
ings, rapid initial response and evacuation are necessary to mini-
mize the casualties. 
Evacuation in high-rise buildings may become inefficient when 
residents have to encounter many difficulties in identifying the 
evacuation situations. To solve these problems, location identifica-
tion techniques can be used to guide the residents to evacuate to 
routes leading to stairs and emergency exits that were less crowd-
ed [9]. Also, CCTV image analysis algorithms can be applied to 
reflect the evacuation route by collecting evacuation area infor-
mation through visual distance detection [10][13]. Using these 
techniques and algorithms, this paper proposes an optimal evacua-
tion model for evacuation type selection and evacuation route 
derivation when a fire occurs in high-rise buildings. 

2.1. Existing Evacuation Model 

Fig. 1 shows the existing methods and procedures for responding 
to fire when it occurs. As shown in the figure, in the existing 
evacuation model for high-rise buildings, fire alarm and evacua-
tion announcement broadcast were uniformly performed in case of 
fire. Therefore, bottlenecks can occur because residents in the 
floor on fire and the adjacent upper floor have to evacuate urgent-
ly while the residents of the other floors could be evacuated simul-
taneously.  
Utilizing the existing evacuation models can be dangerous because 
it prevents emergency evacuation in a way that does not consider 

evacuation priorities. Even if a sequential evacuation method 
would be adapted, uniform evacuation would be performed at a 
designated evacuation sites that were independent of the location 
of the fire. This does not take into account the spread of flame or 
smoke due to the fire, hence evacuation of residents could lead 
into dangerous areas with a worst case. Also, there is no way to 
disperse residents when they are concentrated in a particular area. 

 
Fig. 1: Existing fire response flow diagram 

2.2. Location-Based Evacuation Model 

In order to construct the evacuation model based on location iden-
tification, the existing disaster prevention system should be inte-
grated with the location identification technology. Location identi-
fication technology uses beacons, mobile devices, etc., to provide 
information for finding intelligent evacuation route [11][12][15]. 
In order to find intelligent evacuation routes, the evacuation type 
that reflects the characteristics of the building and resident should 
be selected through simulation. This is to ensure the safety of the 
first principle in evacuation. 
The type of evacuation selected through simulation is reflected in 
the disaster prevention system, and utilized to inform the evacua-
tion method and priority according to the location of the fire. In 
the process of evacuation, the evacuation route change condition 
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should be searched so that rapid evacuation can be achieved by 
analyzing the real-time location information and evacuation speed 
of residents. In CCTV image analysis algorithms, information on 
unavailable areas should be reflected in the evacuation route 
change conditions, and changes to existing evacuation routes must 
be made. When applying an evacuation route change, the evacua-
tion route that reflects the inhabitable zone should take prece-
dence. The modified evacuation route can be guided through the 
IP speakers installed on the floor and resident's mobile devices. 
Information on residents collected in real time would be applied to 
evacuation route change conditions to improve the evacuation 
density which indicates the concentration degree of residents dur-
ing evacuation. By applying the evacuation density, it is possible 
to shorten the evacuation time and to identify the remaining peo-
ple to help the rescue activities. The evacuation model based on 
location identification should utilize the location information of 
the fire, the fire situation, and the evacuation situation of the oc-
cupants. To realize this model, beacons and mobile devices for 
locating residents, IP speakers for customizing broadcasts, CCTVs 
and image analysis algorithms for finding inhabitable areas should 
be added to the existing fire protection system. The following 
figure shows the system configuration diagram for constructing 
the evacuation model based location identification.  

 
Fig. 2: System configuration diagram for the evacuation model based on 
location identification 

The following figure shows the procedure for responding to the 
fire situation using the evacuation model based on location identi-
fication. Basically, various types of evacuation can be applied 
depending on the various situations of fire occurrence. These 
evacuation types such as whole floor evacuation, sequential evac-
uation, etc., will be explained in detail later. It is an advantage that 
the evacuation types according to each situation can be applied in 
combination. 

 
Fig. 3: Fire situation response procedure 

3. Required Technology for Location-Based 
Evacuation Model 

In order to realize the location-based evacuation model, necessary 
technologies such as location identification, mobile situation prop-
agation, and system interworking are required. This chapter focus-
es on the major required technologies for implementing location 
based evacuation models. 

3.1. Location Identification Technology 

A key factor in constructing an evacuation model in the event of a 
fire is to locate the residents. In this study, a location identification 
technology that applies on beacons and mobile was used to locate 
the occupants in the building. In order to determine the position of 
the occupant, the indoor space would be divided into cells of a 
certain size, and the position would be determined by using the 
signal strength, signal pattern, signal delay, etc., received from the 
occupant's mobile device. At this time, it is important to determine 
the appropriate cell size by analyzing the correlation between the 
number of beacons and the accuracy of placement and position 
identification. It is also necessary to install a beacon in the escape 
stair or at the entrance of the evacuation area as well as indoors in 
order to monitor the status of the evacuated personnel. Therefore, 
beacons can be used to identify the number of people inside the 
building and the number of people that were evacuated. In addi-
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tion, information obtained through the beacon can be transmitted 
to the firefighter in real time, thereby helping the rescue operation. 
The following figure shows the beacon signal test results for loca-
tion identification. 

 
Fig. 4: Beacon signal test results for location identification 

3.2. Mobile Technology 

Mobile is becoming a universal means of communication in mod-
ern society, so mobile technology could play a very important role 
in rescue operation during disasters. Almost everyone has a 
smartphone nowadays and is carrying it like part of their body, 
especially inside a residential building. In a fire incident, it is es-
sential to inform the residents and firefighters of the real-time 
information related to the fire situation in order to evacuate effec-
tively. To do this, in this paper, two separate types of mobile apps 
were developed for residents and firefighters.  
Resident’s apps and firefighter’s apps work effectively with esca-
lation by providing real-time fire information in conjunction with 
the integrated disaster management system.  
Information on resident location, fire propagation, smoke spread, 
and non-resident areas are transmitted in real time to the firefight-
er app. On the other hand, the resident’s app guides the residents 
in an optimal evacuation route in real time. The following figure 
shows the execution screen of the mobile app for firefighters while 
updating in real time the integrated disaster management system. 

 
Fig. 5: Execution screen of the mobile application 

3.3. CCTV Technology 

CCTV (closed-circuit television) is generally used as a device to 
monitor the current situation. CCTV is already a common moni-
toring device, and it is essential to link with existing CCTV in 
order to efficiently guide evacuation route. In addition, the intelli-
gent CCTV is an enhancement of the existing CCTV and can pro-
vide various functions such as heat detection, smoke detection, 
flame detection function and personnel count.  
In this study, intelligent CCTV connected with stereo camera was 
installed and used for counting the number of evacuees and evacu-
ation speed measurement. Information on the number of evacuees 
and evacuation speed identified in real time will be used to guide 
intelligent evacuation by effectively distributing evacuess and 
thereby making the evacuation safety and efficiency. The follow-
ing figure shows a screen to monitor the evacuation situation 
through the CCTV installed in the emergency stairs. Also, this 
figure shows the number of evacuees and density of people 
through intelligent CCTV with stereo camera. 
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Fig. 6: General CCTV and intelligent CCTV interlocking screen 

3.4. Complex Sensing Technology 

Basically, it is essential to detect flame, smoke and temperature to 
cope with fire. To do this, it is more efficient to use an integrated 
composite detector than to use several sensors separately. In this 
paper, the proponents had used a gateway, repeater, and sensing 
node to utilize the complex detector which can detect flame, 
smoke, and temperature at the same time.  
Using this composite detector, fire can be detected through flame 
or smoke detection first. In addition, complex detectors can identi-
fy non-residential or hazardous areas using temperature profiles 
sensed in real time. This information can be used to prevent resi-
dents from moving into hazardous and non-residential areas when 
evacuating. The following figure shows the configuration and 
operation status of the composite detector. 

 
Fig. 7: Composite detector configuration and operation 

3.5. Fire Receiver Interfacing Technology 

The fire receiver provides the most basic information on the fire 
situation when a fire occurs. Since the fire receiver is enforced by 
law to be installed in buidings, it can be utilized by linking the fire 
receiver to collect information related to fire. Information related 
to firefighting equipment collected in real time from a fire receiv-
er, such as sprinkler operation, fire door operation, and fire shutter 
operation, can be effectively utilized in evacuation route guidance. 
The following figure shows equipment related to the fire receiver 
and details for interfacing with the fire receiver. 

 
Fig. 8: Details of interfacing the fire receiver 
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3.6. Experiments Using Required Technology 

In order to verify the applicability of the required technologies 
described in the previous section to actual evacuation guidance, 
experiments had been conducted. For the experiment, beacons, 
intelligent CCTV, and resident mobile apps were installed with an 
experimental staff of 20 persons. As a result of the experiment, the 
proponents could confirm the evacuation situation in real time 
through the mobile app of the experimental staff. Since infor-
mation on the location and number of the people who could not be 
evacuated can be checked in real time, it is possible to evacuate 
and guide evacuation efficiently through dynamic situation re-
sponse. The following figure shows the contents of the cell-based 
location identification experiment performed in order to verify the 
field applicability of the required technology. The number of peo-
ple in each cell was confirmed by setting the cell area of the corri-
dor and emergency stairs where the beacon was installed. Through 
this experiment, it can be proven that the required technologies 
described in the previous section can be effectively used to derive 
evacuation guidance in case of fire. 

 
Fig. 9: Cell-based location identification experiment 

4. Evacuation Simulation 

In this paper, the short range communication technologies were 
utilized as beacons to identify the resident's location. The indoor 
spaces were divided into cells with a certain size and obtain the 
location information by using the signal strength, signal pattern, 
and signal delay received from residents' mobile devices. Then, 
the collected information was reflected in the evacuation route 
change condition formula to derive the optimal evacuation route.  

4.1. Evacuation Modeling 

In this paper, evacuation modeling was conducted in three stages: 
evacuation type derivation, horizontal evacuation path derivation, 
and vertical evacuation path derivation. In this study, the pathfind-
er, which is an evacuation simulator, was used to derive an opti-
mal evacuation method. First, the evacuation type derivation stag-
es proceeds as follows.  
In step 1, using the simulator, calculate the evacuation completion 
time for all floors according to simultaneous evacuation, sequen-
tial evacuation, and evacuation of the safety floor. Assign the pri-
ority for each floor according to the type of evacuation and loca-
tion of the fire. In step 2, calculate the evacuation completion time 
of each floor to be reflected in the evacuation route change condi-
tion formula. In step 3, calculate the evacuation time per person by 
dividing evacuation time from step 1 by resident number. Also, 
calculate the evacuation time for each floor by dividing the floor 
evacuation time from step 2 by the people number of each floor.  
In the second stage, a horizontal evacuation route is derived 
through the following process. In step 1, identify the number of 
people in the corridor and the evacuation stairs using the location 
identification technology after a fire has occurred and the evacua-
tion has started. In step 2, identify the inhabitable areas using 
CCTV image analysis algorithms, and calculate the average evac-
uation time for residents of corridors and escape stairs. In step 3, 
change the evacuation route by substituting the number of people 
and the average evacuation time per floor into the evacuation con-
dition formula.  
Finally, in the third stage, a vertical evacuation route is extracted 
through the following process. In step 1, apply horizontal evacua-
tion first according to the horizontal evacuation route change con-
dition formula. In step 2, after applying the horizontal evacuation 
condition, apply the vertical evacuation according to the condition 
of changing the vertical evacuation route. 

4.2. Evacuation Type Derivation 

Evacuation type derivation is a step of calculating the evacuation 
method for safe and rapid evacuation by using the evacuation 
simulator based on building information and resident information. 
Scenarios for the case with and without the evacuation floor in the 
building were constructed in order to extract the safest and short-
est evacuation method. In this process, the evacuation priorities 
for each floor were assigned according to the type of evacuation.  
In order to examine the evacuation method according to the evac-
uation type, the factors such as fire floor (Nf), top floor (Nh), bot-
tom floor (Ng), and combined fire floor (Mf) were considered.  
First of all, simultaneous escape evacuation were conducted at all 
floors simultaneously (Ng ~ Nh).  
Sequential evacuation methods were divided into two types ac-
cording to how to treat the fire floor. The first method is that 
evacuate the fire floor first, then evacuate the other floors sequen-
tially, and evacuation proceeds in the following order: (Nf), (Nf+1, 
Nf+2, Nf+3, Nf–1), (Nf+4 ~ Nh), and (Ng ~ Nf–2). The second method 
evacuates all floors including the fire floor sequentially, and evac-
uation proceeds in the following order: (Nf, Nf+1, Nf+2, Nf+3, Nf–1), 
(Nf+4 ~ Nh), and (Ng ~ Nf–2). 
Even if a complex fire occurs, sequential evacuation methods were 
divided into two types according to how to treat the fire floor. The 
first method is that evacuate the fire floors first, then evacuate the 
other floors sequentially, and evacuation proceeds in the following 
order: (Nf, Mf), (Nf+1, Nf+2, Nf+3, Nf-1, Mf+1, Mf+2, Mf+3, Mf–1), (Nf+4 
~ Nh, Mf+4 ~ Mh), and (Ng ~ Nf–2, Mg ~ Mf–2). The second method 
evacuates all floors including the fire floor sequentially, and evac-
uation proceeds in the following order: (Nf, Nf+1, Nf+2, Nf+3, Nf–1, 
Mf, Mf+1, Mf+2, Mf+3, Mf–1), (Nf+4 ~ Nh, Mf+4 ~ Mh), and (Ng ~ Nf–2, 
Mg ~ Mf–2). 
In the method of evacuation using the evacuation safety floor, the 
evacuation shelter floor should be firstly designated based on the 
fire floor. After designating the evacuation floors in the building, 
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the evacuation method would be applied as follows. In the follow-
ing formulas, S={S1, S2, S3,} …,  Sk} is a set of evacuation safety 
floors where S1 is the highest floor. 

 
N(N >(S1–5))S1     if Nf > S1                                                                               (1) 
 
N(N>S1)S1, N(N<S1)S2     if (S1–5) < Nf < S1                                 (2) 
 
N(N>(S1–5))S1, N(N<(S1–5))S2     if S2<Nf<(S1–5)             (3) 
 
N(N>S2)S2, N(N<S2)S3     if (S2–5) < Nf < S2                                 (4) 
 
N(N>(S2–5))S2, N(N<(S2–5))S3 if S2 < Nf < (S2–5)             (5) 
 
N(N > S3)S3, N(N < S3)S4  if (S3–5) < Nf < S3                                (6) 

5. Evacuation Simulation Analysis 

5.1. Evacuation Simulation by Scenarios 

In order to simulate evacuation, a super high-rise building should 
be selected first. Generally, a skyscraper is a building with a 
height of 300 meters or more. World famous skyscrapers include 
the Bourges Haripa Building, the Shanghai Tower, and the Lotte 
World Tower. The following figure shows an outline of a super 
high-rise building, the Busan International Finance Center, select-
ed for evacuation simulation in this paper. 

 
Fig. 10: Overview of evacuation simulation target skyscraper  

In this paper, an evacuation simulation was performed using the 
Pathfinder, which is an evacuation simulator [14]. Details related 
to the evacuation simulation are as follows. 

Table 1: Overview of evacuation simulation 
 detailed description 

method simulation of whole floor evacuation, sequential evacuation, 
evacuation using safety floor 

target Busan International Finance Center (63rd floors) 
total evacuees 3,872 people 

experiment 
measurement of evacuation time by applying scenarios 
based on whole floor evacuation, sequential evacuation, and 
evacuation using safety floor 

The following figure shows the details of the evacuation simula-
tion using the Pathfinder. In detail, before performing the simula-
tion, the input factors for the evacuation simulation were analyzed 
and the setting factors were selected. At this time, the evacuation 
scenario to be used for the simulation should be configured. Based 
on this scenario, the actual simulation was performed for each 
type of evacuation like as whole floor evacuation, sequential 
evacuation, and evacuation using the safety floor. 

 
Fig. 11: Simulation sequence diagram for evacuation type derivation 

As a result of the simulation, first, scenario A was for simultane-
ous evacuation of all floors. In detail, evacuation was carried out 
on 63 floors and total evacuation time was 3234.9 seconds. The 
following table shows the detailed results of the simulation based 
on scenario A.  

Table 2: Simulation results of whole floor evacuation (unit: sec)  
floors 1~63 

# of residents 8384 
minimum time 53.6 
maximum time 5874.7 
average time 2740.4 

standard deviation 1572.0 
The simulation of sequential evacuation was based on Scenario B, 
where the five floors including the fire floor evacuate first and the 
remaining floors were evacuated later. In detail, the evacuation 
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method of the five floors including the fire floor was classified 
into two ways—as sequential evacuation and simultaneous evacu-
ation. On the other hand, the remaining floors except for the five 
floors evacuate at the same time.  
Assuming that a fire occurred on the 32th floor in this simulation, 
five floors such as 31st, 32th, 33rd, 34th and 35th floor should be 
evacuated first. When simulation was performed using the sequen-
tial evacuation method for five floors, evacuation was carried out 
in order of 32th, 33th, 34th, 35th and 31th floor. The residents of 
the remaining floors except for the five floors were evacuated at 
the same time. The following table shows the results of this simu-
lation. 

Table 3: Simulation results of a sequential evacuation including sequential 
evacuation of 5 floors (unit: sec) 

floors 5 floors remaining floors 
# of residents 760 7624 

minimum time 481.6 1269.7 
maximum time 1216.1 6585.1 
average time 849.8 3704.2 

standard deviation 206.1 1429.9 
In case of simultaneous evacuation, all residents of 31th, 32th, 
33th, 34th and 35th floor should evacuate at the same time in the 
same way as evacuation of the remaining floors. The following 
table shows the simulation results of sequential evacuation includ-
ing simultaneous evacuation of 5 floors. 

Table 4: Simulation results of sequential evacuation including simultane-
ous evacuation of 5 floors (unit: sec) 

floors 5 floors remaining floors 
# of residents 469.9 7624 

minimum time 481.6 1206.7 
maximum time 1153.1 6522.1 
average time 824.0 3641.2 

standard deviation 193.7 1429.9 
Finally, the simulation of evacuation using safety floor was per-
formed by Scenario C. This scenario was structured to be based on 
the following three groups. The evacuation scenarios according to 
groups are as follows. Among these groups, the group 1 consists 
of residents of 27 floors or less, and they were evacuated to the 
stairs at the same time. The group 2 consists of residents from 30 
to 47 floors and they were evacuated by stairs to the 29th floor 
designated as the safe area for evacuation. Finally, the group 3 
consists of residents from 50 to 63 floors and they were evacuated 
by stairs to the 49th floor designated as the safe area for evacua-
tion. 
The following table shows the detailed results of the simulation 
based on scenario C, and total evacuation time was 1314.5 sec-
onds. A comprehensive analysis of the simulation results shows 
that evacuation using safety floor was the most effective against 
other types of evacuation. Therefore, this method was selected as 
the evacuation type in this study. 

Table 5: Simulation results of evacuation using safety floor(unit: sec) 
 Group A Group B Group C 

# of residents 3525 2730 2129 
minimum time 53.6 123.3 161.2 
maximum time 2299.1 5184.5 8464.5 
average time 1177.1 2649.4 4287.0 

standard deviation 639.7 1460.4 2404.1 

5.2. Derivation of Horizontal Evacuation Route 

In order to derive a horizontal evacuation route, firstly, the inhab-
itable zone information should be reflected. If an inhabitable area 
was found in the floor, an evacuation route using the stairs exclud-
ing the non-available area will be derived. In general, there are 
two emergency stairs in the east and west of a high-rise building.  
In order to generate the conditional formula for changing the hori-
zontal evacuation route, the factors such as the number of people 
using the west stair and the east stair (PW, PE), average pass time 
for one person on the west stair and east stair (RW, RE), and aver-

age passage time per person on all stairs (RN). In the extraction of 
horizontal evacuation route using emergency stairs, the conditions 
for changing the route are defined as follows. 
 
(PW– PE) / 2  W    if RE < RN < RW                                                                 (7) 

 
No change (preserve existing route) if RE < RW < RN                           (8) 

 
(PW– PE) / 2  W   if RN < RE < RW                                                                   (9) 
 
(PE– PW) / 2  E    if RW < RN < RE                                                                (10) 
 
No change (preserve existing route) if RW < RE < RN                       (11) 

 
(PE– PW) / 2  E   if RN < RW < RE                                                                 (12) 

5.3. Derivation of Vertical Evacuation Route 

In the derivation of the vertical evacuation route, the path change 
condition is defined based on density. This is because the average 
evacuation time in the stairs depends on the density. Therefore, 
this study aims to shorten the evacuation time by dispersing the 
evacuation density occurred when using stairs between floors 
having the same characteristics as the traffic jam. In a vertical 
evacuation, the density can be obtained by counting the number of 
persons through beacons installed in the stairs. When a sequential 
evacuation is carried out, the evacuation density is then calculated 
for each floor based on the evacuation of five floors, and compares 
the density among emergency stairs. Finally, the evacuation densi-
ty should be substituted into the evacuation route change condition 
formula in order to extract the optimal evacuation route. 
In order to generate the conditional formula for changing the ver-
tical evacuation route, the factors such as the density of people 
using the west stair and the east stair (DW, DE) and the time that 
the people with evacuation routes to change have completed the 
move to the other side of the stair (z). In the extraction of vertical 
evacuation route using emergency stairs, the conditions for chang-
ing the route are defined as follows. 
 
No change (preserve existing route) if DW <= DE + z                (13) 
 
Move to the other side of the stair  if not (DW – DE)                  (14) 

6. Conclusion  

In the evacuation model based on location identification proposed 
in this study, the type of evacuation that reflects the characteristics 
of the building and residents should be determined. In this paper, 
the basic evacuation type had been selected according to the simu-
lation results after applying the scenarios for the whole floor evac-
uation, sequential evacuation, and evacuation using safety floor 
from the evacuation simulator. When a fire occurs in high-rise 
buildings, evacuation starts according to the basic evacuation type. 
Then, an evacuation route change that can shorten the evacuation 
time will be extracted using the number of residents, average 
evacuation time, and inhabitable area which are all being collected 
in real time.   
In comparison with a horizontal evacuation, the vertical evacua-
tion had a lower average evacuation time due to the fact that evac-
uees were being guided to the most efficient route. The vertical 
evacuation guided the evacuees to the lower density side in order 
to shorten the evacuation time. Consequently, the evacuation 
model based on location identification will lead to a more efficient 
evacuation. In future research, it is necessary to derive the evacua-
tion route and the entry route in order to avoid conflicts between 
firefighter’s entry route and the evacuation route. To do this, the 
evacuation route changing conditions according to firefighter’s 
entrance should be defined and applied. 



596 International Journal of Engineering & Technology 

 
Acknowledgement 

This research was supported by the Field-oriented Support of Fire 
Fighting Technology Research and Development Program funded 
by the Ministry of Public Safety and Security (“MPSS-Fire Safe-
ty-2016-85 “). 

References  

[1] J. Lee and G. Lee, “Research of the Fire to Minimization Damage 
Plan on High-rise Buildings”, Journal of Korean Institute of Fire 
Science, Vol. 23, No. 4, (2009), pp.91–97, available online: 
https://www.kci.go.kr/kciportal/ci/sereArticleSearch/ciSereArtiVie
w.kci?sereArticleSearchBean.artiId=ART001372197, last visit: 
28.03.2018 

[2] B. Kim, C. Yim, and Y. Park, “The Influence of Wind Conditions 
on the Performance of Smoke Ventilation in High-rise Building 
Fires”, Journal of Korean Institute of Fire Science, Vol. 30, No. 1, 
(2016), pp.63–73, available online: https://www.kci.go.kr/ 
kciportal/ci/sereArticleSearch/ciSereArtiView.kci?sereArticleSearc
hBean.artiId=ART002084569, last visit:30.03.2018 

[3] D. Kim and S. Park, “A Basic Study on Required Performance and 
Development Direction of Fire Resistance Wall on High-rise Build-
ing”, Journal of Korean Institute of Fire Science, Vol. 25, No. 4, 
(2011), pp.1–7, available online: https://www.kci.go.kr/ 
kciportal/ci/sereArticleSearch/ciSereArtiView.kci?sereArticleSearc
hBean.artiId=ART001586252, last visit:10.04.2018 

[4] J. Hwang and Y. Choi, “Route Exploration Algorithm for Emer-
gency Rescue Support on Urgent Disaster”, Journal of the Korea 
Contents Association, Vol. 16, No. 9, (2016), pp.12–20, available 
online: https://www.kci.go.kr/kciportal/ci/sereArticleSearch/ciSere 
ArtiView.kci?sereArticleSearchBean.artiId=ART002150958, last 
visit:12.04.2018 

[5] Y. Choi and I. Joe, “Design of Fire Evacuation Guidance System 
using USN Mesh Routing in High-Rise Buildings”, Journal of Ko-
rean Institute of Fire Science & Engineering, Vol. 22, No. 3, (2008), 
pp.278–286, available online: https://www.kci.go.kr/kciportal/ 
ci/sereArticleSearch/ciSereArtiView.kci?sereArticleSearchBean.art
iId=ART001312898, last visit:27.02.2018 

[6] M. Yoon, C. Song, T. Kim, Y. Choi, and Y. Choi, “Real-time Fire 
Evacuation Guidance System Employing Ubiquitous Techniques: 
Efficient Exiting System Using RFID”, Journal of Korean Institute 
of Fire Science & Engineering, Vol. 21, No. 4, (2007), pp.115–122, 
available online: https://www.kci.go.kr/kciportal/ci/sereArticle 
Search/ciSereArtiView.kci?sereArticleSearchBean.artiId=ART001
267353, last visit:20.02.2018 

[7] H. Nam, S. Kwak, and C. Jun, “A Prototype for Real-time Indoor 
Evacuation Simulation System using Indoor IR Sensor Infor-
mation”, Journal of Korea Spatial Information Society, Vol. 20, No. 
2, (2012), pp.155–164, available online: https://www.kci. 
go.kr/kciportal/ci/sereArticleSearch/ciSereArtiView.kci?sereArticle
SearchBean.artiId=ART001660457, last visit:28.12.2017 

[8] National Institute of Standards and Technology, Final Report on 
the Collapse of the World Trade Center Towers, U.S. Dept. of 
Commerce, (2005), pp:1-87.  

[9] S. Moon, Y. Yu, and C. Lee, “A Study on Evacuation Guidance 
using Location Identification Technology for Disaster”, Asia-
pacific Journal of Multimedia Services Convergent with Art, Hu-
manities, and Sociology, Vol. 7, No. 12, (2017), pp.937–946, avail-
able online: https://www.kci.go.kr/kciportal/ci/sereArticleSearch/ 
ciSereArtiView.kci?sereArticleSearchBean.artiId=ART002294392, 
last visit:12.12.2017 

[10] Y. Yu, S. Moon, S. Park, and C. Lee, “A Study on the Visibility 
Measurement of CCTV Video for Fire Evacuation Guidance”, 
Asia-pacific Journal of Multimedia Services Convergent with Art, 
Humanities, and Sociology, Vol. 7, No. 12, (2017), pp.947–954, 
available online: https://www.kci.go.kr/kciportal/ci/sereArticle 
Search/ciSereArtiView.kci?sereArticleSearchBean.artiId=ART002
294393, last visit:17.01.2018 

[11] S. Park, Y. Cho, M. Ji, and J. Kim, A Study on the Trend of LBS 
Technology and Market, Electronics and Telecommunications Re-
search Institute, (2015), pp:1-152. 

[12] C. Lee, S. Moon, and Y. Yu, “Simulation for Derivation of Evacua-
tion Type”, International Journal of Urban Design for Ubiquitous 
Computing, Vol. 5, No. 2, (2017), pp.1–6, available online: 
https://nla.gov.au/nla.obj-603450971, last visit:28.04.2018 

[13] C. Lee, S. Moon, and Y. Yu (2018), “Evacuation Simulation based 
on Emergency Stair”, International Journal of ICT-aided Architec-
ture and Civil Engineering, Vol. 5, No. 1, (2018), pp.25–30. 

[14] Pathfinder: https://www.thunderheadeng.com/pathfinder/ 
[15] Public Risk Management Center, Annual Report on Development of 

Intelligent Fire Protection System for Super High-rise Buildings, 
Busan University of Foreign Studies, (2016), pp: 1-570. 


	Intelligent Evacuation Guidance for Fire Response in Super High-rise Buildings 
	Abstract
	1. Introduction
	2. Location-Based Evacuation Model
	2.1. Existing Evacuation Model
	2.2. Location-Based Evacuation Model

	3. Required Technology for Location-Based Evacuation Model
	3.1. Location Identification Technology
	3.2. Mobile Technology
	3.3. CCTV Technology
	3.4. Complex Sensing Technology
	3.5. Fire Receiver Interfacing Technology
	3.6. Experiments Using Required Technology

	4. Evacuation Simulation
	4.1. Evacuation Modeling
	4.2. Evacuation Type Derivation

	5. Evacuation Simulation Analysis
	5.1. Evacuation Simulation by Scenarios
	5.2. Derivation of Horizontal Evacuation Route
	5.3. Derivation of Vertical Evacuation Route

	6. Conclusion

