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Abstract These days, with the development of informa-
tion technology, new paradigms have been created through
academical and technological convergence in various areas.
The IT convergence draws much attention as the next gener-
ation technology for disaster prevention and management in
the construction and transportation area. Along with global
warming, global climate changes and unusual weather occur
around the world, and consequently disasters become more
huge. IT convergence based disaster management service
makes it possible to quickly respond to unexpected disas-
ters in the ubiquitous environment and mitigate the disas-
ters. Although research on disaster prevention and manage-
ment has constantly been conducted, it is relatively slow to
develop the technology for disaster prediction and preven-
tion. For efficient safety and disaster prevention and man-
agement in the next generation IT convergence, it is essential
to establish a systematic disaster prevention technology and
a disaster prevention information system. In this paper, we
proposed ontology-driven slope modeling for disaster man-
agement service through the convergence of construction,
transportation technology and IT. User profile, environment
information, location information, weather index, slope sta-
bility, disaster, statistics and analysis of disasters, and forest
fire disaster index are used to build internal context informa-
tion, external context information, and service context infor-
mation. Ontology-based context awareness modeling of the
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landslides and disasters generated is constructed, and rele-
vant rules are generated by inference engine. Based on the
ontology of external and internal context awareness, the rules
of service inference derived by inference engine are produced
using protégé 5.0. According to the service inference rules,
disaster control services best fitting for users’ environment
is provided. By addressing the social issues related to disas-
ter prevention and response and judging the potential risk of
disasters, the proposed method can contribute to improving
the safety of the public and the quality of their life. Social
consensus on the necessity of prevention of urban climate
disasters can be formed easily, and a ripple effect is expected
on the situational response to natural disaster.

Keywords Disaster management · Knowledge-based ·
Landslide · Ontology · IT convergence · Slope modeling ·
Context awareness

1 Introduction

The development of information technology and the roles of
convergence technology give more effects on today’s soci-
ety [1–4]. The IT convergence is a key to the development
of ubiquitous society, and is based on such areas as wind
and flood damage area, facility safety area, transportation
safety area, industrial safety area, energy safety area, fire
fight safety area, special safety area, and construction and
civil engineering area [5]. Thanks to global warming, climate
changes and unseen weather occur in the world. Such abnor-
mal weather conditions cause disasters that directly damage
human beings, such as typhoon, floods, heavy rain, land-
slides, storm, and earthquake. The disasters become more
huge, and as a result economic damage is on the rise. Accord-
ingly, what draws much attention is safety from disasters
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and disaster prevention and management. Disasters can be
divided into natural disasters and man-made disasters [6,7].
Natural disasters are ones caused by natural phenomena, such
as typhoon, flood, heavy rain, storm, storm waves, heavy
snow, drought, and earthquake, which give unavoidable,
direct, and large-scale damage to human beings. man-made
disasters include fire, collapse, explosion, marine and traffic
accidents, chemical and biological accidents, environmental
pollution accidents, and other accidents caused by people’s
lacks of attention and quick responses to disastrous situa-
tions. What matters most to minimize damage when such
disasters strike, disaster management and prevention [8,9].
For efficient safety and disaster prevention in the next gener-
ation IT convergence, it is essential to establish a systematic
disaster management technology, raise human resources, and
build a disaster prevention information system [10]. Risk
management organizations have globally been founded to
prepare for and prevent disasters. In the US, aside from Fed-
eral Emergency Management Agency which is responsible
for risk management, US Department of Homeland Secu-
rity was newly created to protect core national infrastruc-
tures. Through the foundation, the country tried to prepare
and build a new risk management system and make more
investment into the system [11]. The Korean government
also opened Central Disaster and Safety Headquarters under
Ministry of Security andPublicAdministration to build a pre-
emptive response system to natural and man-made disasters
[12,13]. Although the guidelines of acts and response man-
ual for disasters have constantly been changed and revised,
there is almost nothing of the technological development for
disaster prediction and prevention. Also, there is a lack of
the government-led long-term technological development to
respond to various kinds of domestic and overseas emergency
and disasters [14–20].

In this paper, we proposed ontology-driven slope
modeling for disaster management service through the
application of IT convergence. In the external medium, the
information on the environment and region in which users
are currently located is acquired, and external contextual
information utilizing mobile smart equipment and external
resources, and internal contextual information utilizing per-
sonal situational information are composed. In order to use
disaster control services efficiently, a contextual information
model should be developed by utilizing existing static data,
external data, and personal situation data, and class of con-
textual information should be composed to take a modeling
of ontology-based contextual information. For disaster con-
trol services, the rules of inference of contextual informa-
tion shall be defined and deducted. The proposed method
is the IT convergence based disaster management services
in the ubiquitous environment make it possible to quickly
respond to unexpected disasters and judge their potential
risk.

In this paper is composed of the following: in chapter
2, the previous studies on disaster management system and
slope stability rate analysis are investigated; in chapter 3, the
disastermanagement servicemodeling using ontology-based
context information proposed in this paper is described; in
chapter 4, it comes into conclusion.

2 Related works

2.1 Existing disaster management systems

TheUSdisastermanagement system is called IntegratedPub-
lic Alert andWarning System (IPAWS). When disasters hap-
pen, Federal EmergencyManagement Agency (FEMA) uses
the system to quickly provide TV broadcasting, text mes-
sages, radio broadcasting, e-mail messages, and RSS. FEMA
receives the applications for support of food, water and shel-
ter and for disaster recovery from the individuals, families,
and firms which are damaged by the disaster declared by the
federal government [21]. Figure 1 shows the IPAWS archi-
tecture of US disaster management system. The Japanese
central government and local governments established dis-
tributed disaster management systems. In the country, the
central government generally controls the organizations of
preparing for disasters and their functions, and local gov-
ernments built the disaster prevention systems fitting local
circumstances. In Japan, the framework act on disaster coun-
termeasures was established to give clear responsibilities to
the central government and local governments when dis-
asters occur. In addition, emergency communication net-
works, such as MCA, VHF, and satellites, were built to
increase survivability [22]. Most European countries oper-
ates the wireless TRS network established with Terrestrial
Trunked Radio (TETRA). TETRA, a common digital fre-
quency communication specification defined by European
Wireless Communication Standards Institute, was developed
for government institutes, public organizations, and mili-
tary. Although it was introduced by more than 100 coun-
tries in the world, it features low compatability of different
types of devices, and thus requires its establishment with
single typed products. German, which introduced TETRA
system, established ‘BOS Net’ in April, 2007. It can be
used in emergency and at ordinary times. It is a VPN-based
TETRA system to provide communication to nationwide
police offices, fire departments, and rescue units [23]. In
Korea, Cell Broadcasting System (CBS) was introduced to
send emergency text messages through base stations. The
CBS is limited to the 3G environment. To overcome the prob-
lem and provide disaster information service, ‘National Dis-
aster Safety Center’ App was developed. Since the amend-
ment of Framework Act on the Management of Disasters
and Safety, CBS function has been obliged to be built in
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Fig. 1 IPAWS architecture of
US disaster management system
[14]

mobile devices in order for emergency text-message service
[24].

2.2 Slope stability analysis methods

The phenomenon that a slope fails to remain stable and
falls is called slope displacement or slope failure, which can
be divided into Fall, Slides, and Flow. Fall is the phenom-
enon that a part of a vertically cut slope falls or rolls down.
Slides represents the deformations made by slope move-
ments, and are divided into rotational slides and translation
slides according to the movement shape. Flow means the
phenomenon that moving earth and sand runs down along a
slope, and is divided into Earth flow, Mud flow, and others
[25].

As slope stability analysis methods, there are mass pro-
cedure and slice method. Mass procedure is applied when
soil is homogeneous. It is hard to apply the method to
most natural slopes. Slice method, a limit equilibrium theory
analysis, is used to analyze stability in the way of divid-
ing a slope into many slices. In the method, soil circular
failure is sliced in the same width to calculate factor of
safety. Figure 1 shows the slope stability analysis based
on slice method. In Fig. 2, (a) presents the soil circular
failure in slice method, and (b) shows one slice in detail
[26].

In Fig. 2, O is the center of the circular arc; r radius; b
the width of a slide; h the height of the slice center; W the
total weight of the slice; E1,E2 are the normal force of the
both sides of the slice; N are shearing force of the both sides
of the slide; N the total nominal force running on the slice
floor, comprising the effective nominal force N ′ and the total
pore water pressure U(=ul); u unit pore water pressure; l the
length of the base line of the slice; T the shearing force of
the base line; c′ the adhesive power between the slice and the
slope; φ angle of friction. FS , the safety factor calculated by
slice method, is presented in the Eq. (1).

Fig. 2 Slope stability analysis based on slice method

Fs =
∑

(c′l + tanφ′)
∑

N ′
∑

Wsinα
(1)

In the case of the stability analysis based on slice method,
parameters outnumber equations and vary in terms of
types depending on geomorphic characteristics. There is a
method of slicing soil clod and part of water, or of cal-
culating some of them as hydrostatic pressure. Depend-
ing on slope types and geomorphic conditions, different
calculation methods are selected. Fellenius Method [27],
Bishop’sMethod [28], and Janbu’sMethod [29] are typically
employed.

Fellenius method is the simplest calculation method as
the slice method based stability analysis, and is applied to
circular failure. On the assumption that the addition of each
force on the both sides of a slice is 0, the equation is presented
as shown in Eq. (2).

Xn − Xn+1 = 0, En − En+1 = 0 (2)

N ′ is effective nominal force, and only the vertical resul-
tant force on the base line of a slice is taken into account in
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Fig. 3 Website of Korea meteorological administration and Korea forest service

calculation, which is presented in Eq. (3).

N ′ = Wcosα − ul (3)

Equation (4) shows the safety factor calculation made by
Fellenius method. It is the result from the application of the
effective nominal force N ′, the parameter in Eqs. (1)–(3).

Fs =
∑

(c′l + tanφ′)
∑

(Wcosα − ul)
∑

Wsinα
(4)

The safety factor calculated by Fellenius Method includes
a margin of error, since it has the assumption. The margin
of error is roughly 5–20%. Depending on geomorphic char-
acteristics, there are various types of slopes. Therefore, for
accurate stability analysis, many failure circles are set and
calculated repeatedly [30,31].

3 Ontology-driven context awareness modeling

3.1 Construction of context information for disaster
management service

Context information for disaster management service is
drawn on the basis of the information collected from various
sensors, weather index of Korea Meteorological Adminis-
tration (KMA)1, disaster statistics and analysis of National
Disaster Information Center (NDIC)2, and forest fire danger
index of Korea forest fire danger prediction system in Korea

1 Korea Meteorological Administration, http://web.kma.go.kr/.
2 National Disaster Information Center, http://www.safekorea.go.kr/.

Forest Service (KFS)3. Figure 3 shows the website of Korea
meteorological administration and Korea forest service.

The disaster management service based on context infor-
mation needs existing static data and external data, and indi-
viduals’ context data. It is comprised of external context
information which is the environment information and local
information about users’ location obtained from external
media, mobile devices and external resources, and internal
context information which uses individuals’ context infor-
mation. External context information is classified into envi-
ronment context information, location context information,
and equipment context information. In the case of inter-
nal context information, mobile devices are used to col-
lect local information, personal information and activity
information; users can enter data directly; context aware-
ness and service data can be obtained from devices [32–
38].

3.1.1 External context information

To provide disaster management context awareness ser-
vice, it is necessary to classify external context informa-
tion. Environment information and current local information
are obtained from external media, and the context informa-
tion sensed from different kinds of equipment is collected.
The collected external context information is divided into
environment context information, location context informa-
tion, and equipment context information. Figure 4 shows the
components and classification of external context informa-
tion.

3 Korea Forest Service, http://www.forest.go.kr/.
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Fig. 4 Components and classification of external context information

Environment context information is divided into five
groups: weather context information, landslide context infor-
mation, slope collapse context information, disaster con-
text information, and lifestyle information. Weather context

information is categorized into weather and the factor affect-
ing weather: weather consists of sunny, cloudy, rain, rain-
storm, blizzard, fog, snow, storm, thunderstorm, typhoon,
and rainy season; factors comprises weather, date, temper-
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Fig. 4 continued

ature, humidity, rainfall probability, amount of snowfall,
amount of rainfall, wind speed, instantaneous wind speed,
wind, magnitude, amount, and duration.

Landslide context information is divided into Slump,
Slide, Flow, Topple, Torrent, and Fall according to the sta-
bility types and external appearance of a landslide. Slope
collapse context information are divided into external fac-
tors and internal factors: external factors include geomor-
phic changes, load increase, soil unit weight increase, rain
and snow induced water increase, and slope change by
earthquake; internal factors clay expansion by moisture,
fine crack, transformation, progressive destruction, neutral
stress increase, frostbite & melting, and binding slowdown
of binding material. Types of slope stability consist of infi-
nite slope without infiltration, infinite slope with infiltration,
submerged an infinite slope, finite slope causing plane activ-
ities, finite slope causing arc activity, finite slope causing
composite activity, homogeneous clay slope, friction circle
method, submerged a finite slope, Fellenius method [27],
Bishop method [28], Janbu’s method [29], finite slope with
normal infiltration, and submerged a finite slope [39]. An
infinite slope is any slope that runs parallel to the surface
of a slope. A finite slope is any slope where the depth
of clod for activities is relatively larger than the height of
the slope. The sliding plane shape of a finite slope has the
shape of a circular arc, non-circular arc and complex curve.
An infinite slope generates plane activities. Typically, the
circular arc activity occurs in homogeneous soil and non-
circular activities occur in heterogeneous soil. Composition
activity occurs at a place where the hard stratum is deep
[39].

Disaster context information is classified into natural
disaster and human disaster. Natural disaster consists of

typhoon, landslide, torrent, heavy rain, rock fall, strong win,
high seas, heavy snow, cold wave, earthquake, Tsunami, vol-
canic explosion, and flood. Human disaster comprises forest
fire, collapse, explosion, traffic accident, railroad accident,
and dam collapse. Location context information is needed to
provide the service based on users’ location information. Per-
sonalized disaster management service based on each user’s
location record information can be provided. Local context
information is divided into user location and public insti-
tution in charge of safety and rescue in emergency. User
location information is comprised of indoor, outdoor, loca-
tion history, current position, starting location, destination,
and nation position number, and public institution consists
of Hospital, Fire Station, Police Station, National Disaster
Information Center, Weather Center, Evacuation Facilities,
and Korea Forest Service. Equipment context information is
divided into user device and transportation. User device con-
sists of Smart phone, PDA, IPTV, PC, Radio, GPS, Train,
Car, Cycle, Motorcycle, and on Food.

3.1.2 Internal context information

To provide disaster management context awareness service,
it is necessary to classify internal context information accord-
ing to user state. As internal context information, users’ basic
information, and GPS-based user position context informa-
tion collected from smart device or direct entrance are used.
Internal context information is classified into position con-
text information and personal context information, and the
definition for service inference is described. Figure 5 shows
the components of internal context information.

Position context information defines a user’s position and
moving state. It consists of position, position indoor, position
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Fig. 5 Components of internal context information

Fig. 6 Service context information

outdoor, house, accommodation, road, trail, current position,
starting position, and destination. Personal context informa-
tion represents a user’s profile data, and consists of job, age,
sex, name, health, and activity.

3.1.3 Service context information

To provide customized disaster management service for
users, it is necessary to offer the service fitting a user’s con-
text with the use of external context information and internal
context information. Service context information is divided

into location service context information and guideline con-
text information, which are provided along with other types
of context information. Figure 6 shows the components of
service context information.

Location information is about a user’s current position.
It presents the risk of the current position, and is divided
into disaster alert and alert area. According to alert type,
disaster alert is classified into strongwind, heavy snow, heavy
rain, high seas, storm surge, typhoon, and Tsunami. Alert
area service is provided in three steps—normal, wash, and
warning-on the basis of a user’s current position.
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Fig. 7 Ontology model of external context information

Guideline information is about the guidelines of actions
in emergency. With the information, it is possible to iden-
tify a user’s current state and give the recommendations
of action guidelines depending on a user’s emergency con-
text. Guideline information is divided into emergency sit-
uation, disaster situation, and warning system. Based on a
user’s external and internal context information, the guide-
lines of actions fitting emergency context and disaster
context are provided. In addition, Warning system serves
emergency and disaster context through radio, broadcast,
DMB, and message according to a user’s position informa-
tion.

3.2 Ontology-driven context awareness model

To use context information, it is necessary to make context
awareness modeling. Ontology, an effective method of con-
text awareness modeling techniques, is employed to define
context awareness model. Context awareness modeling sup-

ports various environments and devices, and makes rules
based on questionnaire and algorithms to process services
properly and infer context information high-dimensionally
[35–38]. Regarding context information, external context
information, internal context information, and service con-
text information are constructed on the basis of ontology. In
the ontology-driven slopemodeling for disaster management
service, context information is comprised of ContextI repre-
senting context information context, ContextI representing
external context information, and ContextE representing ser-
vice context information [40,41]. And it is defined as shown
in equipment (5). Here, In , En , and Sn represent context
information, respectively.

ContextI = {I1, I2, ..., In} ,

ContextE = {E1, E2, ..., En} ,

Contexts = {S1, S2, ..., Sn} , 1 < n < ∞ (5)

Internal context information, external context information,
and service context information which inherited common
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Fig. 8 Ontology model of internal context information

context information are modeled with ontology. Figure 7
shows the ontology modeling of external context informa-
tion. Here, Class is defined as a set of objects with the same
property. SubClassOf is used to express the hierarchical rela-
tion between Classes.

SubClassmeans a subClass definedbySubClassOf.Prop-
ertyOf is used to present the relation between data and object.
ObjectProperty is used to present the property of an object.
DataTypeProperty is used to present the data saving type of
an object.

The ontology model of external context information has
environment, location, and equipment classes under the top-
level domain class External Information. Each Class has its
sub classes and entailing properties. Environment Class is
a class with environment variables and is used for disaster
management service inference. Location class is related to
a user’s location and position. Equipment Class is related
to the use state of equipment and a user’s moving position
information [40,41].

The ontology model of internal context information
has Personal and Location classes under the top-level
domain class Internal Information, and each Class has
its sub classes and entailing properties. Personal Class

is essential for a user’s context awareness based on per-
sonal information, and is used for the inference of the
service. Location Class is related to the context aware-
ness according to a user’s current position and move-
ment and is used for the inference of disaster management
service. Figure 8 shows the ontology modeling of inter-
nal context information and hierarchical relations between
classes.

The ontology model of service context information has
location information (LI), environment information (EI), and
individual information (II) classes under the top-level class
Service Information, and each Class has its sub classes and
entailing properties. LI Class provides disaster and geo-
morphic information according to context information. II
Class provides the guideline information about disasters
for users. Therefore, the disaster service is offered to final
users through the ontology model of service context infor-
mation.

Figure 9 shows disaster management service ontology. It
shows the person-based relations with other classes, and con-
sists of internal ontology and external ontology. Therefore,
the information for personalized service is drawn and offered
through service state, user position, device operation, context

123



686 Cluster Comput (2015) 18:677–692

Fig. 9 Disaster management service ontology

information about disaster, and user environment informa-
tion.

4 Ontology-driven slope modeling for disaster
management service

4.1 Creation of inference rules

The ontology-based context information models are inte-
grated with each other to provide customized service for
users. The integrated disaster management ontology reflects
context information factors for disaster management, and,
along with inference rules, provides proper disaster man-
agement service for users. Ontology uses Ontology Web
Language (OWL)4 to define a class and describe relations,
properties, and equivalence. That was designed with pro-
tégé5.05, an ontology tool. Class hierarchy is classified into
internal ontology, external ontology, and service ontology.
The integrated ontology is designed to make it possible to
infer context information according to service and focuses
on its extensibility. Disaster management support requires
the integration of different types of information and offering
of a new service. Therefore, each context information model

4 Ontology Web Language, http://www.w3.org/TR/owl-features/.
5 protégé, http://protege.stanford.edu/.

is integrated to design disaster management ontology in the
hierarchical structure. In the hierarchical ontology structure,
the top-level ontology class is Service Ontology, and its sub
classes are Internal Ontology and External Ontology. In such
a structure, the ontology focusing on disaster management
service is defined.

Figure 10 shows the classes and relations in the integrated
hierarchical disaster management ontology. External Ontol-
ogy and InternalOntologypresent the context information for
service offering and inference. Each inferred information is
the inference result of service ontology. Context information
is used to construct disaster management ontology. Based on
Service Ontology, the relation between Domain Class and
Sub Class of External Ontology and Internal Ontology is
defined. To use this disaster management ontology model for
service, Jena 2.06 is employed as an inference engine. Also,
the inferred result can be extracted and applied in XML type
to be used in mobile device.

Service inference rules are used to infer service related
information with the use of the external context information
inferred by external context ontology, and the internal con-
text information inferred by internal context ontology. The
information is classified into Guideline Information for dis-
aster monitoring, Location Information for positioning ser-
vice, and Individual Information for action information. Ser-

6 Jena, http://jena.apache.org/.
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Fig. 10 Classes and relations in the integrated hierarchical disaster management ontology

vice inference rules are drawn from external context ontol-
ogy and internal context ontology by an inference engine.
That is intended to provide the disaster management service
most suitable to a user’s environment. A context manager in
an inference engine infers the internal, external, and service
context information collected through Instance and the envi-
ronment context information of a slope, including landslides,
snow, rain, fogs, fire, explosion, and smoke, and creates disas-
termanagement queries. For inference, internal, external, and
service ontologies are called by Triple Translator of Context
Manager. Context Reasoner, an inference module through
rule chain, refers to inference rule, context info. Ontology,
and data repository to make an inference through the queries
presented by a query manager. Table 1 shows some inference
rules for disaster management service. Table 2 shows some
inference rules for slope management service.

The main classes and sub classes defined in Chapter 3
for disaster management services were constructed of OWL.
Table 3 presents the ontology structure for disaster manage-
ment inference. Figure 11 shows the output ontology OWL
that resulted from using the proposed method. It is used a
disaster management service and a slope based 3D disaster
context simulator.

5 Conclusions

The IT convergence being rapidly developed in today’s soci-
ety draws much attention as the next generation technology
for disaster prevention and management in the construction

and transportation area. Along with global warming, climate
changes and abnormal weather cause natural and man-made
disasters. Research on disaster prevention and management
has constantly been ducted to mitigate the effects of the dis-
asters. But although course of action and response man-
ual in disaster occurrence are consistently studied, technical
development for disaster prevention is almost nonexistent.
Therefore, for a systematic disaster prevention and control,
an intelligent information system that can judge potential risk
that could be triggered by a disaster following user’s expo-
sure to risk should be established. In this paper, we proposed
the ontology-driven slopemodeling for disaster management
service through the convergence of construction and trans-
portation technology and IT. Context awareness and mobile
smart equipment are employed to obtain users’ location
information and environment information and thereby build
internal context information, external context information,
and service context information. Internal context informa-
tion consists of position, personal. External context infor-
mation consists of weather, lifestyle, slope failure, landslide,
slope stability, equipment, disaster and location. Service con-
text information consists of location service and guideline.
And the user-focused landslide and disaster context are mod-
eled. The ontology-driven slope modeling proposed draws
the context information necessary for disaster management
service through context information modeling, and uses dis-
aster management inference rules to provide personalized
service for users. To use this ontology-driven slope model
for disaster management services, Jena 2.0 is employed as
an inference engine. The inferred result can be extracted
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Table 1 Inference rules for disaster management service

Service Inference Info. Inference Rule

Location
Information

based
Service

Disaster 
Warning

Emergency 
Risk

(?Customer hasEmergency ?Emergency)

(?Disaster_Level(?emergency,Lvel5) (?Locations,Danger)

?Alert_Area_Index(Location,Danger)

-> (?Emergency ?Danger)

Emergency 
Warning

(?Customer hasEmergency ?Emergency)

(?Disaster_Level(?emergency,Lvel3) (?Locations,Warning)

?Alert_Area_Index(Location,Warning)

-> (?Emergency ?Warning)

Disaster Risk 
Location 

Information

Seoul, 
Landslide

(?Disaster_Level((?Landslide.Slump)

(?Customer(Locations,Seoul))

(?Weather_Index(Location,Seoul,Careful))

-> (?GIS ?Seoul_Safety)

Gangwon, 
Landslide

(?Disaster_Level((?Landslide, Slump)

(?Customer(Locations,Gangwon))

(?Weather_Index(Location,Gangwon,Careful))

-> (?GIS ?Gangwon_Safety)

Guideline
Information

Landslide
Measure Alarm

(?Customer hasLandslide ?Landslide)  

((?Environment hasTime ?Minute.30) 

(?Environment ?hasTime ?Morning)) 

((?Environment hasTime ?Minute.30) (?Environment ?hasTime ?Night))

-> (?ActionGuidelineInformation ?MeasureAdvice)

Rain
Alarm

Morning

(?Customer hasRain ?Rain) 

(Environment hasTime ?Morring)

-> (?ActionGuidelineInformation ?MorningRainAlam) 

(?ActionRecommandhasActionRecommand ?Action1_Disaster)

Night

(?Customer hasRain ?Rain) 

(Environment hasTime ?Night)

-> (?ActionGuidelineInformation ?NightRainAlam) 

(?ActionRecommandhasActionRecommand ?Action2_Disaster)

Snow
Alarm

Morning

(?Customer hasSnow ?Snow) 

(Environment hasTime ?Morring)

-> (?ActionGuidelineInformation ?MorningSnowAlam) 

(?ActionRecommandhasActionRecommand ?Action3_Disaster)

Night

(?Customer hasSnow ?Snow) 

(Environment hasTime ?Night)

-> (?ActionGuidelineInformation ?NightSnowAlam) 

(?ActionRecommandhasActionRecommand ?Action4_Disaster)

Fire
Alarm

Morning

(?Customer hasFire ?Fire) 

(Environment hasTime ?Morring) 

(?Environment_WeatherhasTemp ?Temp >50)

-> (?ActionGuidelineInformation ?MorningFireAlam) 

(?ActionRecommandhasActionRecommand ?Action7_Disaster)

Night

(?Customer hasFire ?Fire) 

(Environment hasTime ?Night) 

(?Environment_WeatherhasTemp ?Temp >50)

-> (?ActionGuidelineInformation ?NightFireAlam) 

(?ActionRecommandhasActionRecommand ?Action8_Disaster)
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Table 2 Inference rules for slope management service

Service Inference Info. Inference Rule

Slope
Management
Information

based
Service

Slope
Warning

Emergency 
Risk

(?Customer hasEmergency ?Emergency)

(?Slope_Level(?emergency,Lvel5) (?Locations,Danger)

?Alert_Area_Index(Location,Danger)

-> (?Emergency ?Danger)

Emergency 
Warning

(?Customer hasEmergency ?Emergency)

(?Slope_Level(?emergency,Lvel3) (?Locations,Warning)

?Alert_Area_Index(Location,Warning)

-> (?Emergency ?Warning)

Slope Risk 
Location 

Information

Seoul, Slop 
Management

(?Slop_Level((?Slop Stability.Infinite Slope)

(?Customer(Locations,Seoul))

(?Weather_Index(Location,Seoul,Careful))

-> (?GIS ?Seoul_Safety)

Gangwon, 
Slope

(?Disaster_Level((?Slope Stability,Infinite Slope)

(?Customer(Locations,Gangwon))

(?Weather_Index(Location,Gangwon,Careful))

-> (?GIS ?Gangwon_Safety)

Guideline
Information

Slope 
Measure Alarm

(?Customer hasLandslide ?Slope) 

((?Environment hasTime ?Minute.30) 

(?Environment ?hasTime ?Morning)) 

((?Environment hasTime ?Minute.30) (?Environment ?hasTime ?Night))

-> (?ActionGuidelineInformation ?MeasureAdvice)

Rain
Alarm

Morning

(?Customer hasRain ?Rain) 

(Environment hasTime ?Morring)

-> (?ActionGuidelineInformation ?MorningRainAlam) 

(?ActionRecommandhasActionRecommand ?Action1_Slope)

Night

(?Customer hasRain ?Rain) 

(Environment hasTime ?Night)

-> (?ActionGuidelineInformation ?NightRainAlam) 

(?ActionRecommandhasActionRecommand ?Action2_Slope)

Snow
Alarm

Morning

(?Customer hasSnow ?Snow) 

(Environment hasTime ?Morring)

-> (?ActionGuidelineInformation ?MorningSnowAlam) 

(?ActionRecommandhasActionRecommand ?Action3_Slope)

Night

(?Customer hasSnow ?Snow) 

(Environment hasTime ?Night)

-> (?ActionGuidelineInformation ?NightSnowAlam) 

(?ActionRecommandhasActionRecommand ?Action4_Slope)

Fire
Alarm

Morning

(?Customer hasFire ?Fire) 

(Environment hasTime ?Morring) 

(?Environment_WeatherhasTemp ?Temp >50)

-> (?ActionGuidelineInformation ?MorningFireAlam) 

(?ActionRecommandhasActionRecommand ?Action7_Slope)

Night

(?Customer hasFire ?Fire) 

(Environment hasTime ?Night) 

(?Environment_WeatherhasTemp ?Temp >50)

-> (?ActionGuidelineInformation ?NightFireAlam) 

(?ActionRecommandhasActionRecommand ?Action8_Slope)
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Table 3 Ontology structure for disaster management inference

<?xml version="1.0"?>
<!DOCTYPE Ontology [

<!ENTITY xsd "http://www.w3.org/2001/XMLSchema#" >
<!ENTITY xml "http://www.w3.org/XML/1998/namespace" >
<!ENTITY rdfs "http://www.w3.org/2000/01/rdf-schema#" >
<!ENTITY rdf "http://www.w3.org/1999/02/22-rdf-syntax-ns#">]>

<Ontology xmlns="http://www.w3.org/2002/07/owl#"
xml:base="http://www.semanticweb.org/jckim/ontologies/2014/11/untitled-ontology-7"
xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#"
xmlns:xsd="http://www.w3.org/2001/XMLSchema#"
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:xml="http://www.w3.org/XML/1998/namespace"
ontologyIRI="http://www.semanticweb.org/jckim/ontologies/2014/11/untitled-ontology-7">
<Prefix name="rdf" IRI="http://www.w3.org/1999/02/22-rdf-syntax-ns#"/>
<Prefix name="rdfs" IRI="http://www.w3.org/2000/01/rdf-schema#"/>
<Prefix name="xsd" IRI="http://www.w3.org/2001/XMLSchema#"/>
<Prefix name="owl" IRI="http://www.w3.org/2002/07/owl#"/>
<Declaration>

<Class IRI="#Accommodation"/>
</Declaration>
<Declaration>

<Class IRI="#Activity"/>
</Declaration>
<Declaration>

<Class IRI="#Advisory"/>
</Declaration>
<Declaration>

<Class IRI="#Age"/>
</Declaration>
<Declaration>

<Class IRI="#Alert_Area"/>
:
:

</SubClassOf>
<SubClassOf>

<Class IRI="#Weather_Context_Info"/>
<Class IRI="#External_Context_Information"/>

</SubClassOf>
<SubClassOf>

<Class IRI="#Wind"/>
<Class IRI="#Factor"/>

</SubClassOf>
<SubClassOf>

<Class IRI="#Wind_Speed"/>
<Class IRI="#Factor"/>

</SubClassOf>
<SubClassOf>

<Class IRI="#Finite_Slope/Swedish_Method"/>
<Class IRI="#Slope_Stability_Info"/>

</SubClassOf>
</Ontology>
<!-- Generated by the OWL API (version 3.5.0) http://owlapi.sourceforge.net -->
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Fig. 11 Output ontology OWL
that resulted from using the
proposed method

and applied in XML type and OWL to be used in various
mobile devices. Also, it was possible to judge the poten-
tial risk of disasters according to users’ exposure to risk.
By addressing the social issues related to disaster prevention
and response and judging the potential risk of disasters, the
proposed technique can quickly respond to disasters and con-
tribute to improving the safety of the public and the quality
of their life.
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