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Abstract

Recently, natural disasters due to changes in the natural environment such as climate change have appeared in various forms. In addition,
due to the development of architectural technology, the construction of super high-rise buildings as well as the enlargement and com-
plexation of buildings are rapidly taking place. Also, with the rapid increase in the population of the city due to industrialization, build-
ings are becoming larger and more complex. These natural and technological changes increase the possibility of a complex type of disas-
ter—either natural or social type of disaster, or a combination of both These changes strongly require the paradigm shift of response sys-
tems, including the prediction, preparation, response, and recovery phases of disasters. If social disasters such as fires occur in high-rise
or large-scale buildings, not only large-scale casualties but also social losses could be expected to occur. Therefore, in the event of a ma-
jor disaster such as earthquake, typhoon or tsunami, it is necessary to utilize response scenarios that can cope with various changes ap-
propriately in disaster situations. In order to change the paradigm of the disaster response system, the proponents of this study identified
the necessary functions and requirements for the transition to a dynamic situation response system. To do this, a case study was conduct-
ed on the disaster response system of super high-rise buildings and accident cases. These functions and requirements were aimed to be
implemented in disaster response systems based on dynamic situation response scenarios. The system also included real-time information
gathering, analysis, decision and action planning through the use of ICT technology. The scenarios were analyzed by task according to
the specific situation corresponding to time, and then a strategy was designed to be applied to computerization, automation and intelli-
gence. To verify dynamic situational response scenarios, the proponents confirmed the feasibility of the study by designing a database of
the disaster response system which implements the scenario.

Keywords: Dynamic Disaster Response based Real-time Information, Disaster Response System, Dynamic Situation Response Scenario, ICT Convergence
Disaster Response, Super High-rise Building

1. Introduction

The development of ICT technology, also called the fourth industrial revolution, has caused many changes in society making it more
complex and diverse. For this reason, it is also necessary to make changes in the perspective of people and things relating to the rapidly
developing technology.

With the rapid increase in the population of the city due to industrialization, buildings are becoming larger and more complex [1][2][3].
Also, as the size of the buildings grows, there are many floating populations besides the existing residential area. If social disasters such
as fires occur in high-rise or large-scale buildings, not only large-scale casualties but also social losses could be expected to occur. There-
fore, in the event of a major disaster, it is necessary to utilize response scenarios that can cope with various changes appropriately in dis-
aster situations.

Since tbe types of disasters would be diversified according to changes in nature, society, and technology, there are many situations that
cannot be imagined when a disaster occurs. Howeever, the methods and systems for responding to disasters have not changed much from
the previous system. Despite the availability of the latest technology and equipment, and related laws, they are not properly utilized in
actual disaster situations. In this study, the proponents proposed a dynamic disaster response system to accept and utilize these environ-
mental changes. In addition, dynamic situation response scenarios were suggested in order to establish implementation plans for the dis-
aster response system. These scenarios play an important role in implementing disaster response systems that can be tailored to the vari-
ous disaster types and circumstances.

To do this, first, the necessary functions of the dynamic disaster response system were presented based on the actual conditions of the
super high-rise buildings which are increasing rapidly in recent years. In detail, the problems of the current disaster response system were
analyzed through case studies, and necessary technologies and functions for solving these problems were identified.

Then, in order to design a disaster response system using the identified essential technologies and functions, dynamic response scenarios
corresponding to real-time situation change were constructed. In detail, the scenarios were composed of real-time-based information
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gathering, analysis, decision and action plans with the use of ICT technologies. Also, these scenarios were applied with location identifi-
cation techniques for evacuation and rescue, and mobile technologies for dynamic situation propagation.

Dynamic situation response scenarios proposed in this paper were based on real time, and constructed for the application of super high-
rise buildings. However, these scenarios can be used not only in super high-rise buildings but also in places where people are concentrat-
ed and have limited evacuation routes, such as large ships, underground facilities, and multi-use facilities. Also, these could be applied to
disaster types and disaster sites that are difficult to suppress and rescue.

Researches have been conducted on large-scale disasters such as fires. There was a study that implemented an escape route search algo-
rithm in the event of fire or terrorist attacks [4], and a study that proposed an evacuation guidance algorithm using mesh routing in high-
rise buildings [5]. Also, there were researches related to a real-time evacuation guidance system using a variable induction device in case
of an underground space fire [6], and a study that suggests an evacuation simulation system that can be used in actual 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.

This paper was organized as follows. Section 2 discusses essential functions of a dynamic disaster response system. In Section 3, the
disaster cases of super high-rise buildings and the existing researches were analyzed to identify the necessary improvements for the dy-
namic disaster response system. In Section 4, a dynamic situation response scenario with 8 tasks from the initial response to the end
of the fire situation was configured. Section 5 concludes this paper and proposes further research.

2. Essential Functions of Dynamic Disaster Response System

2.1. Existing System of Super High-rise Buildings

Based on the analysis of actual conditions and systems in super high-rise buildings, the essential functions of the dynamic disaster re-
sponse system were identified. While the super high-rise buildings serve as city landmarks, and play an important role in forming a verti-
cal city through the development of architectural technologies, the vertical evacuation needs to be changed from the existing horizontal
evacuation. It is also necessary to solve the problem of confusion and safety that may occur during evacuation.

In general, physical and technical characteristics of super high-rise buildings cause various problems in disaster management. To solve
these problems, the super high-rise buildings have been operating a comprehensive disaster prevention center for integrated disaster
management including safety management such as firefighting, electricity, and gas. Computer systems, basic facilities and equipment
monitoring systems were installed and operated in the disaster prevention center of super high-rise buildings. However, the linkage be-
tween these facilities and the existing system such as disaster prevention system was not working properly, which causes difficulties in
information sharing and disaster response in the event of a disaster. Therefore, in order to properly perform comprehensive disaster pre-
vention for super high-rise buildings, it is necessary to implement a dynamic disaster response system based on real-time information by
linking and interoperating with disaster prevention systems and various facilities.

Evacuation in high-rise buildings becomes inefficient when residents have to encounter many difficulties in identifying evacuation situa-
tions. To solve this problem, location identification techniques can be used to guide residents to evacuate to routes leading to stairs and
emergency exits that were less crowded. Also, CCTV image analysis algorithms can be applied to reflect the evacuation route by collect-
ing evacuation area information through visual distance detection [10][13].

2.2. Essential Functions

In order to implement a dynamic disaster response system, five functions must be basically satisfied: situational dynamic response sce-
narios, additional fire surveillance, evacuation guidance according to the situation, mobile information sharing, and identification of resi-
dent's location.

2.2.1. Situational Dynamic Response Scenarios

As the society becomes complicated, recently, the type of disaster and the type of buildings were diversified. Also, in order to secure the
golden time for lifesaving, it was becoming more and more important to respond quickly and accurately. However, since the existing
disaster response manual was made in a uniform and regular form, it was difficult to apply in various disaster situations. Manuals pre-
pared for uniform situations are difficult to operate in a disaster situation. To solve this problem therefore, it is necessary to collect real-
time information for each situation, and to make a customized on-site disaster response based on the collected information. To do this, it
is necessary to configure elaborately dynamic disaster response scenarios.

2.2.2. Additional Fire Surveillance

Conventional automatic fire detection equipment or sprinklers work when a certain temperature was reached. Therefore, when these
equipments activate, it means that fire damages was already incurred. In order to reduce fire damage, it is essential to detect fire early,
and additional fire detection methods will be needed in addition to existing equipment such as sprinkler. With the development of intelli-
gent sensor and intelligent CCTV, temperature change or fire image can be checked in real time, and these information can be effectively
used for detection of signs of fire and quick response to the fire. Therefore, it is vital to incorporate additional fire detection functions
into the current disaster response system.

2.2.3. Evacuation Guidance according to the Situation

When a fire occurs in a super high-rise building, a large number of people evacuate at once and a bottleneck occurs in the emergency
stairs. This bottleneck may lead to delayed evacuation to the floor on fire and the adjacent floors, which may need to be evacuated first.
Also, it is necessary to change the evacuation route according to the fire propagation and the smoke propagation. A situational evacuation
guidance system automatically identifies non-evacuation and hazardous areas after collecting temperature, smoke, and visibility infor-
mation in real time. Then, the system can collect resident location information in order to provide an optimal evacuation route and assist
rescue activities.
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2.2.4. Mobile Information Sharing

For efficient response when a fire occurs, information sharing must be supported for accurate and prompt decision making. In urgent
situations such as fire, information sharing plays an important role in making decisions for evacuation, rescue and suppression. In order
to share information in real time, dynamic disaster response systems could utilize mobile technology. Using mobile technology, it is pos-
sible to transmit and share information in real time to residents, firefighters, and related organizations, thereby responding efficiently to
disasters.

2.2.5. ldentification of Resident's Location

In super high-rise buildings, generally, the number of residents in each floor is too large especially in the case of department stores, ho-
tels, and other residential high-rise buildings, hence it is more difficult to identify the actual number and locations of residents. When a
fire occurs in these areas, failure in identifying the number of residents could lead to failure in rescuing. Even if firefighters were the ones
carrying out a rescue operation, locating people in a large space would still be challenging,

Identification of resident’s location can provide safe evacuation routes by avoiding unavailable or dangerous areas while the identifica-
tion of firefighter’s location can assist firefighters in their rescue and fire suppression activities and can identify routes that do not con-
flict with evacuation routes. Location identification technology is a key function for dynamic disaster response systems by allowing
evacuation and rescue operations to be performed in real time. Location identification technology using beacons and mobile devices can
provide information for finding intelligent evacuation route [11][12].

3. Improvements for Dynamic Disaster Response System

3.1. Derivation of Improvements

In addition to the functions required for the dynamic disaster response system described in the previous chapter, improvements that can
solve the problems of super high-rise buildings should be considered in order to build an appropriate system. In this paper, the disaster
cases of super high-rise buildings and the existing research reports were analyzed in order to identify the necessary improvements for the
dynamic disaster response system [14]. The following table shows the improvements discovered through existing disaster analysis. These
improvements need to be applied when implementing dynamic disaster response systems.

Table 1: Improvements discovered through existing disaster analysis

building information processing(structural
change)

building information processing(interior and exte-
rior material)

building information processing(fire partition)

use of flame retardant panel

replace with flame retardant outer panel

use of flammable materials and minimize internal
materials

use of composite aluminium panels

fire door control technology

database of fire doors and fire extinguishing
equipment

construction of emergency situation propagation
system

emergency propagation (broadcasting)

management system for emergency contacts

installation of fire extinguishing equipment

information processing for fire extinguishing
equipment

construction of integrated firefighting system

minimizing exterior decoration

preparing for unexpected situations due to external
shock

processing technology for risk information

Installation of intelligent fire alarm

improvement for intelligent system

information processing of fire extinguishing valve
and electric pump

improvement for fire system

fire safety regulations

technology for fire detection and smoke detection

implementing disaster prevention system for
construction work

detection technology for alarm operation

detection technology for air outlet

use of fire-resistant concrete

installation of emergency evacuation route

design of a large accident manual

emergency situation propagation technology

computerized emergency response

monitoring technology for emergency stair

distribution of emergency power supplies

acquisition and guidance of new evacuation route

improvement of firefighting facility installation
standard

technology for vertical propagation prediction

sprinkler operation detection technology

aluminium panel replacement

technology for automatic firefighting equipment

technology for automatic fire alarm

detection technology for automatic door operation

fire detection technology in vulnerable area

communication network redundancy and decentral-
ization

information processing for evacuation stair

Information processing for fire and smoke de-
tection

construction of fire alarm and evacuation system

detection technology for fire receiver operation

computerized instruction manual

use of flammable building materials

use of flame retardant interior material

manual computerization technology

sharing insulation material information

information processing for fire partition

emergency stairs door control (open and closed)

emergency broadcasting system

emergency situation propagation technology

firefighting training simulation

information processing for firefighting facility

detection technology for firefighting water opera-

tion
detection technology for elevator operation in | construction of a system to respond to unanticipat- | Installation of sprinkler between 30cm from out-
case of fire ed emergencies side wall
detection technology for ventilation facility detection technology for ventilation equipment installation of integrated disaster prevention sys-
operation operation tem

installation of a number of escape routes

computerized evacuation manual

installation of human detection sensor in elevator

complex disaster detection and response manual

bombing emergency scenario

earthquake early warning

Basically, in order to apply the improvements, solutions should be presented in various aspects such as architectural design, legal regula-
tion, and strengthening of training. Among these improvements, the proponents had selected improvements that can be solved using ICT
technology and can be directly applied to the disaster scene. These improvements should be reflected in building a dynamic disaster re-
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sponse system while converging with ICT technologies. The following table shows the Delphi survey results through expert groups on
these improvements.

Table 2: Delphi survey results of improvements for dynamic disaster response system (Avr = average, SD = standard derivation, Me = median, Mo

= mode, CD = convergence degree, AD = agreement degree, CVR =content validity ratio)
Avr SD Me Mo CD AD CVR
response scenario automation 4.75 0 5 5 0 1 8
sensor based algorithm 4.06 0 5 5 0.12 0.95 75
fire door operation detection 4.55 0 5 5 0.5 0.8 75
fire equipment data processing 4.5 0.5 5 5 0.5 0.8 7
smoke control operation detection 4.45 1 5 5 0.62 0.75 6.5
resident location identification 4.35 0 5 5 0.5 0.8 7
mobile display for propagation 4.35 0.57 5 5 0.5 0.8 7
emergency response operation detection 4.3 0.5 4.5 5 0.5 0.77 7
fire water operation detection 4.3 1 5 5 0.62 0.75 6.5
real-time detection around the building 4.1 0.5 4.5 5 1 0.55 6

3.2. System Development Method reflecting Improvement

In order to implement improvements mentioned above in the system, it is essential to utilize the necessary technologies such as dynamic
situation response scenario, 10T (Internet of Things) sensor technology, mobile situation propagation technology, location identification
technology, system interworking technology and so on. In detail, after interfacing with fire-fighting facilities, building management sys-
tem and information communication system, information collection and analysis were performed in real time based on 10T sensor tech-
nology, mobile technology, and location identification technology. These technologies provide information that can be tailored to com-
plex and diverse disaster situations.

The information collected in real time enables more customized configuration of scenarios to respond to appropriately, and was applied
to the algorithm for automated decision that are appropriate for the disaster situation. That is, a dynamic disaster response system using
ICT technology can operate dynamic situation response scenarios based on real-time information. This system enables dynamic situation
response scenarios to operate efficiently in the disaster situation. This differs from the existing system which uses the response based on
the stored information because it uses the response based on the dynamic situation response scenario.

The following figure shows the configuration structure of the integrated disaster prevention system implemented by reflecting the above-
mentioned improvements and was based on dynamic disaster response scenarios. For this purpose, this system was efficiently operated
by combining 10T sensor technology, mobile technology, and location identification technology.
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Fig. 1: Configuration of the ICT convergence disaster response system
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4. Dynamic Situation Response Scenario

4.1. Configuring Scenario based on Real-time Information

ICT technology provides a basis for collecting, analyzing and deciding real-time information. As various sensor technologies were de-
veloped, it is possible to respond based on real-time information according to the disaster situation. In order to analyze, judge and make
decisions using the collected information, dynamic scenario response scenarios must be configured according to the workflow. In this
paper, a dynamic situation response scenario was constructed with 8 tasks from the initial response to the end of the fire situation. Each
task should be performed after associating with specific actions and the corresponding responses.

4.1.1. Response Scenario for Task 1

In general, initial response is the most important for safe evacuation and rescue in a fire situation. Since various situations and
variables can exist, the initial response should concentrate a lot of judgment and action. In the initial response, fixed and unified
manuals at disaster sites can cause problems, therefore, it is necessary to configure the initial response scenario step by step ac-
cording to the situation. Then, it should be specified to respond appropriately to the situation in the field.

| svemem |

|

IF

dangerrous things / risks

Task 1

initial response

No

judge the fire distance judge initial response step

short

Goto Respond 1000

common initial response
step

[
v v

IF fail IF
T failure of first-aid fire judge initial response
first-aid fire fighting ol it
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initial response end

success of first-aid fire
fighting

fire spreading response situation room
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Action 1200 Action 1100
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Goto Respond 1211
firefighti o i i
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L |
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Action 1300
three-step response
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Goto Respond 1112

Goto Respond 1115

common response in first-

3-level situati ti
evel situation propagation ald fire fighting

first-aid firefighting

Goto Respond 1312

move self-defense fire team

Goto Task 2

start evacution

Fig. 2: Dynamic situation response scenario for Task 1

Based on the information collected in real time, the system determines the initial response step and then performs the corresponding
method according to the step. If a fire is identified at the initial response stage, steps 1 and 2 will assess the capability of initial extin-
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guishing, and step 3 will determine if the initial fire extinguishing is effective. In the initial response scenario, it should be assessed using
information collected from CCTV, sensors, fire detectors, and etc. in real time. The dynamic response scenario for task 1 is shown in
Figure 2, and consists of six actions and ten responses.

4.1.2. Response Scenario for Task 2

In the second and third steps for the initial response, evacuation should be started at the same time when the fire is confirmed. In order to
begin evacuation, the type of disaster must be judged based on the information collected first. Then, it spreads mission and evacuation
route to residents and firefighters according to disaster type. The following figure shows the dynamic situation scenario for task 2 con-
sisting of two actions and four responses.

Task 2

start evacuation

Action 2100 Action 2200 Goto Respond 2200

judge disaster type mission propagation by type mission propagation by type

(1) Respond 2100 Goto Respond 2200

derive optimal evacuation

judge disaster type mission propagation by type roie

Goto Respond 2300

evacuation route
propagation

Fig. 3: Dynamic situation response scenario for Task 2

4.1.3. Response Scenario for Task 3

When initial fire extinguishment fails, Task 3 performs work that can respond to the fire spread. In order to respond to the spread of the
fire, it is necessary to automatically identify the non-resident zone and the dangerous zone through temperature changes, visible distance,
and smoke concentration information collected from various equipment. After predicting the fire propagation and the smoke propagation
based on the place characteristics of the fire occurrence area, the optimal evacuation route should be provided in real time for residents.
The dynamic response scenario for task 3 is shown in the following figure, and consists of four actions and three responses.

IF Yes

fire situation end

fire spreading response decide fire situation end

Action 3100 Action 3200 Action 3300

evacuation route change . . fire spreading response
i fire spreading response .
propagation propagation

System 4 System 4
derive optimal evacuation fire spreading response fire spreading response
route information information

Goto Respond 3100 Goto Respond 3200 Goto Respond 3300

evacuation route change . . fire spreading response
t fire spreading response .
propagation propagation

IF

check field commandor
arrival

Yes

Action 3400

transfer field command

Goto Respond 3400

transfer field command

Fig. 4: Dynamic situation response scenario for Task 3



430 International Journal of Engineering & Technology

4.1.4. Response Scenario for Task 4

Task 4 should perform actions related to emergency rescue when an emergency situation arises. To do this, the most important thing is to
identify the location of the resident. Through location identification, it is necessary to identify the residents who need to be rescued from
the inhabitable or hazardous areas. In addition, the location information of the rescuer is transmitted to the firefighter and information on
the entry route is provided.

The dynamic response scenario for task 4 is shown in the following figure, and consists of three actions and two responses. Also, in this
scenario, it is necessary to link with the disaster response system in order to efficiently respond to the disaster prevention. Through the
linkage of the disaster response system, the emergency response information and the emergency evacuation route information were re-
trieved and utilized in the scenario.

Task 4

emergency situation
response

Action 4100

confirma emergency
respondent

Goto System 5
emergency respondent
information

IF

check emergency

No
respondent

Action 4200 Action 4300
emergency rescue emergency rescue route
propagation propagation

Goto Respond 4200 System 6
emergency rescue emergency rescue route
propagation information

Goto Respond 4300
emergency rescue route
propagation

Fig. 5: Dynamic situation response scenario for Task 4

4.1.5. Response Scenario for Task 5

Even if a fire was reported, it often happens that it is not actually a fire situation. In the initial response phase, task 5 is to terminate the
situation if it is not a fire situation. The dynamic response scenario for task 5 is shown in the following figure, and consists of one action
and one response.

Task 5

non-fire situation end

Action 5100

non-fire situation end

Goto Respond 5100

non-fire situation end action

Fig. 6: Dynamic situation response scenario for Task 5

4.1.6. Response Scenario for Task 6

In the initial response phase, task 6 consists of activities to be performed when the fire was extinguished successfully. The following
figure shows the dynamic situation scenario for task 6 consisting of two actions and two responses.



International Journal of Engineering & Technology 431

Task 6

first-aid firefighting success

Action 6200

Action 6100

first-aid firefighting success recovery

Goto Respond 6200

Goto Respond 6100

first-aid firefighting success
response

Fig. 7: Dynamic situation response scenario for Task 6

recover action

4.1.7. Response Scenario for Task 7

In the initial response phase, task 7 consists of activities to be performed in case of fire extinguishing failure. The dynamic response sce-

nario for task 7 is shown in the following figure, and consists of two actions and two responses.
Task 7

first-aid firefighting failure

Action 7200

Action 7100

first-aid firefighting failure
response

propagation situation

Goto Respond 7200

Goto Respond 7100

first-aid firefighting failure
response

propagation situation

Fig. 8: Dynamic situation response scenario for Task 7

4.1.8. Response Scenario for Task 8

In the initial response phase, task 8 consists of activities to be performed when the fire situation is over. The following figure shows the

dynamic situation scenario for task 8 consisting of two actions and two responses.
Task 8

fire situation end

Action 8100

Action 8200

fire situation end recovery

Goto Respond 8100 Goto Respond 8200

fire situation end action recovery action

Fig. 9: Dynamic situation response scenario for Task 8

4.1.9. Response Scenario for System

The dynamic situation response scenarios of the tasks described in the previous section consist of actions that must be performed by field
disaster personnel when a fire occurs. In order to efficiently configure dynamic disaster response scenarios, there were some parts that
need to be automatically performed by disaster response systems other than field personnel. The following figure shows the processes
that must be performed to support dynamic disaster response scenarios in various subsystems of a disaster response system.
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System 8
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Fig. 10: Dynamic situation response scenario for system

4.2. Database Design for Dynamic Situation Response Scenario

The dynamic response scenario described above must be implemented in dynamic disaster prevention system operated on real-time in-
formation. Based on the information collected through IOT sensors and equipment, dynamic response scenarios were constructed so that
the system can automatically identify non-evacuation zones, derive the optimal evacuation route, respond to fire spread, and make deci-

sions on emergency rescue.

Dynamic situation response scenarios are tasks to support the technology needed to build a dynamic disaster response system, interwork-
ing with other systems, automated algorithms, and decision making based on situations. The following figure shows the database design
for implementing dynamic situation response scenarios in the system.
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5. Required Technology for Implementing Dynamic Situation Response Scenarios

In order to implement dynamic situation response scenarios into the disaster response system, necessary technologies such as location
identification and mobile situation propagation are required. In this chapter, the major required technologies were described for realizing
dynamic situation response scenarios.

5.1. Location Identification Technology

An important factor in realizing dynamic situation response scenarios in the event of a fire is to locate the residents. In this study, a loca-
tion identification technology that applies on beacons and mobile was used to locate occupants in the building. In order to determine the
position of the occupant, the indoor space is divided into cells of a certain size, and the position is 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 appro-
priate 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 addition, information obtained through the beacon can be transmitted to the firefighter in real time, there-
by helping the rescue operation. The following figure shows the beacon signal test results for location identification.
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Fig. 12: Signal test results for location identification

5.2. Mobile Technology

Mobile is becoming a universal means of communication in modern society, so mobile technology could play a very important role in
rescue operation during disasters. Almost everyone in a building nowadays has a smartphone and is carrying it like part of their body. In
a fire incident, it is essential to inform residents and firefighters of the real-time information related to the fire situation in order to evacu-
ate effectively. 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 escalation by providing real-time fire information in conjunction with the
integrated disaster management systemlInformation on resident location, fire propagation, smoke spread, and non-resident areas are
transmitted in real time to the firefighter 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 automatically updated in real time
with the integrated disaster response system.
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« cell refers the vicinity of the location
where the beacon is installed
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radius

+ the number inside the red circles
indicates how many people are
currently in the cell

* when move a smartphone with a

mobile app, the number of people is
updated every time in the cell
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red circles indicates
how many people are
currently in the cell
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the total number of
people in the current

floor

Fig. 13: Execution screen of the mobile application
5.3. CCTV Image Processing Technology

In general, CCTV (closed-circuit television) is used as a device to monitor the current situation. CCTV is already a common monitoring
device, and it is essential to link with existing CCTV in order to effectively realize the dynamic disaster scenario. When a disaster such as
a fire occurs in a super high-rise building, securing an evacuation route is importance for dynamic disaster response.

For this purpose, it is necessary to detect the smoke through the image received from the surveillance camera installed in the building. In
detail, the image collected from the CCTV installed in each passage is analyzed in order to assess whether the visibility due to the smoke
changes. That is, it is necessary to analyze the visibility due to the fire smoke using CCTV image analysis technology.

There have been studies to detect smoke automatically from video. Fujiwara and Terada proposed a method of automatically detecting
smoke from images using fractal coding [15]. Since the shapes and the densities of smoke vary instantaneously, however, there is a limit
to stable smoke detection by these methods. Kopilovic et al. detected smoke using a method of calculating motion irregularities [16]. In a
similar way, Yu et al. analyzed statistically the motion of the smoke area [17][18]. In order to analyze the behavior of the smoke area,
they used the visual flow estimation method proposed by Lucas and Kanade [19]. However, the visual flow method has a disadvantage of
guaranteeing reliability in a noisy environment. Toreyin et al. detected smoke using wavelet transforms after separating foreground and
background [20]. Rafiee and Tavakoli separated the background and the foreground, and calculated smoke area candidates using color in
the foreground. Finally, they detected smoke using wavelets [21]. Stadler and Ike proposed a method to detect smoke based on the TVL1
visual flow estimation method proposed by Perez et al. [22] [23].

A technology for detecting smoke and measuring visibility was developed by analyzing CCTV images through previous research [10].
This CCTV image processing technology can be useful for realizing dynamic disaster situation scenarios. In detail, it is possible to auto-
matically determine whether or not the area is unavailable by measuring visibility by smoke when evacuation routes are derived.

It is important to measure visibility based on smoke in order to determine non-resident areas. In order to measure this visibility, our im-
age processing technology does not extract smoke directly from the CCTV image, but extracts the background image from the image
containing the smoke. Specifically, the background image is extracted from the smoke image by using the Gaussian distribution for cal-
culating the probability of the background pixels. The following figure shows the smoke image, the background image, and the fore-
ground mask image extracted from the experimental image of 500 frames.
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(c) foreground mask image
Fig. 14: Experimental image for image processing

The basic idea of our image processing technology is that the visibility due to smoke is proportional to the feature loss of the background
image. That is, the intensity of features in the background image is weaker as the density of smoke in CCTV images increases. The visi-
bility can then be calculated due to the density of smoke by comparing and analyzing the intensity of the features existing in the smoke
image in the same area as the intensity of the feature existing in the background image. The following figure shows the visibility meas-
urement results calculated using our image processing algorithm at 500, 850, and 1000 frames of the experimental image.
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Fig. 15: Visibility measurement result of the experimental image

6. Conclusion

With the development of ICT technology, information can be collected, analyzed and judged in real time. In this paper, a dynamic situa-
tion response scenario was configured that can respond appropriately to the situation in real. The scenarios were analyzed by task accord-
ing to the specific situation corresponding to time, and then a strategy was designed to be applied to computerization, automation and
intelligence. To verify dynamic situational response scenarios, the feasibility was confirmed by designing a database of the disaster re-
sponse system which implements the scenario. This scenario should play an important role in establishing a tailored response method for
disaster situation.

In order to properly operate the proposed scenarios in the field, it is necessary to study verification techniques for information that induc-
es misjudgment. For example, firefighters must perform rescue operations in hazardous situations when they collect location information
that a resident is in non-residence areas. If the information is incorrect, it could lead to endangering the firefighters. Therefore, it is nec-
essary to conduct a future research on the technique of verifying the accuracy of collected information.
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