E3S Web of Conferences 125 03004 (2019) https://doi.org/10.1051/e3sconf/ZN2533004
ICENIS 2019

Fuzzy Logic Method Design for Landslide Vulnerability
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Abstract. Landslide is one of the most frequently happened disasters in Indonesia due to weather and
climate characteristics, regional topography, and geological steactuat makehis country have amy
potential landslide areas. The main goal of this study is to apply fuzzy logic to the landslide detection sensor
so that it is easier to find out areas prone to landslides. The fuzzy logic method uses five parameters to
analyze thdandslide area. Theparameters are rainfall, land slope, moisture content in two different soll
depths, and ground vibration. They are used to determine the vulnerability level of landslide area is very
safe, relatively safe, relatively potal, potenially and very potemial. Fuzzification, inference, and
defuzzification performed on each data in the analysis process to determine the vulnerability of landslides,
and the parameters and weighting rules are according to government regukatomshe reslts of the

study, it was concluded that intelligent systems based on fuzzy logic can be used to determine the level of
vulnerability of landslides in a specified area.
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1 Introduction erosion of river water, rawater, and wind. In rainfall
factors, a long dry season will cause large amounts of
Landslides often occur imdonesia due to weathenda ~ water to evaporate on the surface. This high rainfall
climate characteristics, regional topography, and cawses increased deepter ontent and eventually
geological structures that make this country have manytriggers a landslide 4]. Soil moisture is the amount of
potential landslide areas. Especially when continuouswater concentration in the soil. This is caused by
rain in a short period of time tends togher a rapid flow  evaporation through the soil surface, transpiratimd
of shalow mud and debris. The ase of landslides can percolation. Measuring the level of soil renire is
occur because Indonesia has a tropical monsoon climategarried out onte soil surface and insidbe soil surface.
which is caused by changes in extreme air pressure in th&/hereas in the ground vibration it can cause landslides
Indian mainland and Indian Oceafil]. Comgdex because of the vibration there can be a shift between the
geological and geograjral conditions and chaeg in soil. The introduction bpatterns of changes in the value
climate conditions in time and space produce landslides.of each of theseafttors when a landdgke occurs will
An increase in sudden external factors such asfacilitate the prediction of a landslide disaster. A system
earthquakes, high rainfall causes landslidgs As for is needed that can identify various factors that cause
some causes of landslides that carubed as parameters landslides to detect signs of landslides
in the system for determining éhlevel of vulnerability
of landslides. These factors can be used as a reference 3s
a parameter to calculate the level of vulnerability of ~
landslides. This parameter is taken based on reference t@; presentthere is a lot of research on how to detect the
the Minister of Public Works Redation No.22 / PRT /' yynerability of landsides.One of them is resedr on
M /2007 (PMPU No.22 / PRT / M/ 20073 with some _  the design of wireless sensor networks for landslide early
adjustments as the basis for manual calculations. Theyarning based otheinternet of thingg5]. In this study
causes include slope, rainfabur, soil moisture and 5 tool was used to collect data usisyeral sensors to
ground vibration. detect soil moisture, soil slopehumidity, and
There are other factors thailso become the tenperatre. The results obtaed in the form of sensor
calculation of the occurrence of disters, such as slope, gata in the form of data on soil moisture, soil slope,

ground vibration, etc. The process of identifying these pymidity, and temperature. The measured data is

causal factors is needed to determine the effect of eackypiained for 9 hours

factor on the occurrence of a landslide disaster. There & a sudy aboutthe irput of early warning
The slopewill increase the driving forceausing  |andsldes built into the syem is the movement of

the landslide. Thesteep slopes are formed due ttwe rocks, debris or soil to the slopes [6]. The focus of this
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study is on the warning of the general population Geoslpeto obtain the amount of rainfall that caused the
together with disaster management authorities in thelandslides[10]. This is done to wuce the casualty of
event of a landslideThe server is programmed ing landslides due to the large earthquake that was followed
PHP and XAMPP which cmtinuously monitors by heavy rainfall. A simple early waing system basl
incoming data from Zigbee installed on COM ports. on the raifall threshold that cause landslides can be
Data is sent with a server to an android applicationdone by the community themselves. The result, to
specifically designed to alert users immediately after adetermine the rafall data, each group consisting of 10
landslide occurs. In hts study only using an s/d 20 houses located around the hills #thdanstall one
acceerometer that can meare the degree of -a&xis rainfall gauge, with is operatedy the commuity, and
slope of each axis, where the tool is considered notatthe time of leaw rain, officers appointed by the group
enough to measure the factor of occurrence of landslidesshould always look for high rain on the r&ilh gauges
Basofi (2017) [7], regarding the mapping of periodically or every one houlf the rain has reached a
landslide vulnerability in Ponorogo village in the area high level d danger, all residents must leave the area.
using fuzzy logic and atural breakdown classification An early warnhg systemaims to avoid and reduce
[7]. In this fuzzy logic method, five variables are used to the risk of damage and casualties caused by natural
detectthe most vulnerable area¥hese variables are disasters[11]. The objective of this research is to
land slope, soil type, land use, rainfall, and land height. develop landslide and earthquake earlgrning system
The vulnerability of landslides consists of veow, low, applications for gmartphone devices wit Android
medium or high. The method used to compare the resultoperating sym. Thisresearch uses crowdsourcing data
of validation ischi-squared calculations. Asrasult of collection from smartphone with lewost sensors able to
this calculatio, for the classification of AHP natural detect movement. Despite less accuracy than scientific
breaks, the total values of fuzzy logic are 92,576 andinstruments, but the ubigy of smartione can covea
184,917 eachlt can becorcluded from two validation larger area. This reagh uses Agile methotb develop
methods that the relationship between the classificati an early warning system on Android device. Research
of landslide vulnerabity and landslide itselfds a very  activities are conducted in 6 (six) phases: requirement,
significant relationship. The AHP method of natural-chi plan, design, develop, release, track & monitor.
squared results in better validation resudtven thagh Fernandez (20d), the objective is to develop a
both methods are very significant. landslide early warning system thatlizgs rain gauge
Hizrian (2018) artificial neural network designs and an intdigent accelerometer/inclinometer for
were made using advanced casehdekprgagation interception ofthe possible occuence 6 landslide[12].
methods [8]. 5 input parameters are given to this With the help of PHIVOLCS rad PAGASA calibration
artificial neural network mébobd which carbe measured for the standard level of measurement were established:
by MPU 6050 ensa, rainfdl is measured by bucket (I) rainfall amount,(2) agular diplacement and (3)
tipping sensor with reed switch, water content at two soil ground moverant. With the factors observed it is
depths is different from F@8 humidity sensor, and expected to deliver anffective landslide ealy warning
ground measured by vibration with 801s sensor. Thissystem that can iatcept an impending landslide
system has an tput in the brm of calcuéting the whether it is earthquaki@duced or rairinduced.
possibility of landslides in areas that are safe, alert and By referring to severajournal results, using the
dangerous. The results of this artificial neural network concept of fuzzy logic is easier than the artificial neural
method will be compared with the output of the network methd, but n regarch tlat ues fuzzy data, the
advanced feed backpropagation method to determine itglata usd is mapmg data in a partidar area. And in
performance. studies using artificial neural network methods,
Giri (20198) [9], presents a wales sensor network  paraméers are btained from the results of measured
sydgem (WSNS) for effective, reliable and efficient sensors in redime. This study aims to apply fuzzgdic
landslide monitoring [9].The system incorporates a tothe kndslidedetection sensor so that it Easier tdind
network of wirelessInerttial MeasirementUnit (IMU) out areas prom to landslides. It is expected that the
sensordevices for collecting movement datacal base = method can provide more accuratsults ompared to
stations for data colition, capture servers for data the previous method.
processingand storage, and warning systems. The main Fuzzy logic is a increase of Boolean logic which
contributions of this paper are three, namdiyo deals wih the concepbf parial truth. Boolean logic
approachseto determiiing movement limits, theoncept stateghat eveything can be expreed in binary terms (0
of classification of landslidesased on the pattern and or 1, yes or no), fuzzy logic is used to replac®lban
magnituek of the IMU sensor data and the conceptua logic with a partial level of truth. Fuzzy logic laWs
framework for building intelligent and reliable wireless membership values between 0 and 1 ¢odescribedn

monitoring and warning systemdhe results ofthis linguistic form or uncertain conceptsuch as little",
research paper serve as a basisffiure studies and "decent", ad "very". This logic is related to the theory
technological advances that will facilitate thetion of of possibility. Fuzzy logi was intoduced by Dr. Lotfi
landslide stabilization or mitigation and to predict the Zadeh from the University o€California, Berkeley in
intensity of damage assoadtwith the éndslide. 1965 3.

Umar (2013)[10], presents the results of soil data The useof fuzzy mehods canbe dne in early

in the laboratory usip soil taken from the locationfo landslide dedction ystems because fayg intelligent
landslides andusing the sfiware $OPHW from systems can describe, know, and model the processes of
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human hinking ard design a system in order to mimic
human behaviorThe fuzzy process consists of three
stages, fuzzification, infemace, and defuzzificationt is
expected that the levaf accuracy in determining the
levd of landslide vulnerability is more caurate ad

The basic system of the landslide vulnerability response
system isshown in Figure 1. To ahae the landslide
vulneraility index variable, a fuzzylogic system is

used.To produce a landslide warning alert as a response

from the database, it is done frorihe assessment of

landslide susceptibility

Land Slope

Top Soil
Moisture

Bottom Soil
Moisture

Vibration

Ll

Fig. 1. Systemdesgn

Figure 1 is a system iagram, and a detailed
degription of it is as follows:
The initial data are raw data from previous research.
To support the desionmaking system, the data
obtained will be processed
After that, the data enters the database ratrieves
data from the dabaseand then processedising
fuzzy logic to supportvulnerability to landslide
responses.
The next process is processing daten thebase and
showing it to be the level of vulnerability of the
landslide.

2.1 Landslide su sceptibility using F uzzy Logic

To identify landslide vulerability areas, fuzz logic

form of rules. After the calilation of each variable has
been done, the last process carried out is the
defuzzification processAll combinations of varibles
will be compared wittevaluating existingules reslting
in a degree of vulnerability to landslides.
For an explanation ofthe vdue of linguistic

variables can be seas follows
Rainfall varisble has three linguistic value: low,
medium,and high.
Land dope variable hashree linguistic values: flat,
sloping and steep
Topsoil moisturevariable ha threelinguistic values:
low, medium, and high.
Bottom soil moisture variable has three linguistic
value:low, medium,and high.
Land vibrationvariable has thge linguistic alues:
low, high, very high.

There are numbers from each linguistic value in the
variables listed in PMPWds senin Tablel.

Table 1. Value of linguistic variables

No Variable Criteria
. 0-30 Low
1 Evae'?f‘;':’lh;% 30-70 | Medium
9 > 70 High
Landslope 0-20 Flat
2 - o 20- 40 Sloping
(weight30%) > 20 Steep
Top soil 0-30 Low
3 moisture 30-40 Medium
(weight15%) > 40 High
Bottom soil 0-30 Low
4 moisture 30- 40 Medium
(weight20%) > 40 High
. . 0-2 Low
Vibration :
5 : N 3-5 Medium
(weight 20%) >5 High

2.2 Fuzzification

The linguistic values on each variable can deegoized
from the classification data based on the valfieach
variable. Each varable value hs been determined
according to the Ministeof Public Works Regulatian
Linguistic values represented in graphical form are
shown inFigure3 to Figure?.

methods are used which have 5 criteria, consists of

rainfall, soil slope, topsoil moisture, bottom soil
moisture, and vibration as shown in Figute These
criteria have a fationship between data wables and
landslides ba=d on previous resedron lamslides. All

variables in each criterion will be processed using afor each classificatio interval

fuzzy logic sysem. The fuzzy logic system has three
stages, namely fuzzification, inference, and
defuzzificaton. The fuzzification praess is a process of
mappirg the input value (csp inpu} originating from a
system that is controlled in accordance with theyuset
membership function. After the fuzzification process, the
inference process will process thezZification output
which is determined by fact dat&om experts or
institutions and is presented in logical sentences in the

2.2.1 Rainfall

Rainfall has a 15%weight in the occurrenceof
landslides Figure 2 is about rainfall graphs with values
consisting of low,
medium andhigh.



E3S Web of Conferences 125 03004 (2019) https://doi.org/10.1051/e3sconf/ZN2533004
ICENIS 2019

Membership function plots  Plot points: 181 Membership function plots  plot points: 181
I low ' I ' rner.‘l.lum - I . high ‘ . ‘ low ' Imeclumr I 7 nilgn
. | | L I - —_ 1 1 1
Fig. 2. Rainfall graph Fig. 5. Bottom soil mosturegraph
2.2.2 Land slope 2.2.5 Vibration

Land slope has a greate weight, which is 30%. Vibration has a 20% weight in the occurrence of
Therefore this category has a larigepact because the landsldes. This categoryis the secondargest wéght
averag landslide occurs due to the yesteep land slope. after land slopebecause vibrations that occur such as
Figure 3 is aboutland slopegrapls with the value of earthqakes cancau® landslides.Figure 6 is about
eachclassificationinterval that consist of flat, slopirg vibration graph with the value of each classfication

andsteep interval that consistof low, medium andhigh.
Membership function plots  Plot points: 181 Membership function plots  Plot points: 181
fl-lat - sln;;ing - I - stelep . I . . Ilow ' I meciium I ' I high .

-

Fig. 3. Land sbpegraph Fig. 6. Vibration graph

2.2.3 Topsoil moisture 2.3 Evalu ation Rule

Topsoil moisturehas al5% weight in the occurrence of References and guidelines for determining evalnatio

landslidesFigure4 is abouttopsoil madsturegraphwith rules areshown inTabe 2. This evaluation rule was

the value of eachclassificationinterval hat consis of developed based omules approach and corrétan

low, medium andhigh. calculation to find variable priorities. Thus, afttre
process, evaluation of rules wakeveloped into 33

Membership function plots plot points: 181 evaluation rUIeS-

low medium high

Fig. 4. Topsoil moisturegraph

2.2.4 Bottom soil moisture

Bottom soil moisture iskout to same with bottom soil
moisture the difference isdata etrieval Figure 5 is
aboutbottom soil maisture graphwith the value of each
classificationinterval tha consiss of low, medium and
high.
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Table 2. Evaluaton rule. 2.4 Defuzzification
Top In this process, defuditation process is used to find
\o | Rain | Land | Soil Bcétt_c?m Vibratio | vulnerability fuzzy mempershﬂ?rom each varlaltbleasramfall,. slope,
°| Fall | Slope |Moistu M > n of landslide top soil moisture,bottom soil moistire, and vibration
oisture . . . .
re_ _ will be found fuzzy membership level5 variables will
1| Low | Fiat Mﬁ?'“ High Low R‘z'fgr“]’t‘fz be obtained as the output lévef the combination o
poten variable combinations that have been calculated using
. . . Relatives . ..
2 | Low | Fat | High | High High | otental fuzzy logic. There are5 classfications of output levels
3 | Low Flat | Low High | Medium Relativey that are very safe, relat!vely safpotential, relatively
i safe potential, and very potential.
4 Low Flat Mediu Medium High Relatively
m safe
5 | Low Flat Low | Medum | Medium Re?;;\éely 3 Result and Discussion
6 Mf\f'“ Steep | Low | Medium | High potential In this section, we provide theeasurement results of
_ _ ativel fuzzy logic calculation.The calcuation has beenahe
7 Low Flat Low Medium | Medium Relatively : ;
sake on the 33 data from prevbus researctwhich eachof
Low | Flat | Low | High | Medium Relsa;if\éely themneedto process intofuzzy logic calculation Data
Low Flat Low Low Medium | Very safe measwements shownin Table3.
10 | Low Flat High Low High Relsaatlf\éely Table 3. Data measurement
. | Medi . . .
11 | High | Sloping ?T?'u High High Potential Data Rain | Land | Top Soil | Bottom Soil | Vibra-
Mediu fall Slope | Moisture Moisture tion
12 m Steep | High Medium | Medium| Potential 1 22 6 31 83 0
- 2 7 7 45 81 7
13 | Low Flat Low High Medium Relseg;/eely 3 7 0 2 84 5
Mediu . _ _ 4 9 12 35 35 6
14 | Low | Steep m High High Potential 5 26 9 23 33 3
Mediu Mediu . . 6 57 46 2 35 7
15 m Steep m Low High Potential 7 3 0 12 32 4
. Relatively 8 7 0 23 83 3
16 | Low Flat Low Low High safe 9 25 5 18 ) 4
. . . Relativdy 10 12 5 87 21 6
17 | Low | Slopng | Low High High Potential 11 93 1 32 51 7
. ) . Relatively 12 40 73 69 35 4
18 | Low Flat High | Medium | Medium safe 13 22 19 20 57 2
Mediu . 14 19 68 35 84 7
19 | Low Flat m Low Medium | Very safe 15 32 a1 33 13 6
Mediu . . . . . 16 26 6 20 25 6
20 m Sloping | High High High Potential 17 11 27 15 71 7
. . Relatively 18 29 4 88 39 5
21 | Low Flat Lon High High Potgntial 19 15 1 33 1 3
22 | Low Flat | Me9U | Medium High Relaively 20 34 31 64 82 7
_ m safe 21 | 21 11 19 93 6
23 [Mediul qio | Low | Medium | High | Potential 22 | 3 0 30 35 6
m . 23 31 95 6 36 7
24 | Low Flat | High | Medium | High Relatively 24 14 15 43 31 7
Potential 25 | 21 35 3 34 4
25 | Low | Sloping | Low | Medium | Medium Relatlfvely 26 15 37 23 35 7
Isa_e | 27 0 64 95 70 6
26 | Low | Sloping| Low | Medium | High F:f anvel 28 | 2 85 55 32 6
_ : : otentia’ 29 | 51 96 82 31 6
27 | Low Steep | High High High |Very potential 30 57 46 2 35 7
28 | Low Steep | High Medium High Potential 31 9 5 21 3 0
29 Mfr?'u Steep | High | Medium | High |Very potental 2 | 1 1 32 81 6
e 33 4 5 35 26 5
30 ?n u Steep | Low Medium High Potential
31| Low Flat Low Low Low Very safe
Mediu . . Relatively
32 | Low Flat m High High Potential
33 | Low Flat Mﬁ?'u Low Medium | Very safe
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the 33 datecollected, there ar7 different data results
The difference of 2.03% is cadered quite good
because the difference does maive ageap that is far
from each vulnerability. So, in thiscaseit could besaid

the fuzzy lagic sysem is working well. The more rules
are given to fuzzy logic systepthe moe accurate the
results wil be

Measurements are made usingalgsis ¢ data
processing resultsyhich isby comparing the reality of
the data \ith the results of systenuetection. Real
probability is the possibility of landsles based on the
reailts of reality made &sed on ries in accadance with
the reality andpresentdon of each variable on the
potential of landslidesnd the systemprobablity is the
output of thefuzzy logic system that has been made.
There are 7 dateesults that have fierences which is
thedifferenceis very snall. What is meant by vgrsmall References
is the vulnerability of potential landslides does not have 1
a far gap. Theeasults of data comparisohgtween real '
probability and probability systems can $een inTable

K. Nakamura, W. A. Noerdjito, and .AHasyim,
“Regyional Difference and Seasonity of Rainfall in
Java” pp. 93-103,(1994)

4.

2. A. Federico, M. Popescu, C. Fidelibus, afd
Table 4. Compaison of data resuki Internq “On the prediton of tke time of
Data Real probabilit System Probabilit occurrence of a Slope‘all_ure: A revew” in
1 relati\F/L potent)i/al ?r/elative potentialy Proc.Sth Int. $mp. Landslides2, pp. 979-983
2 relative potential relativepotential (2_094) ) L .
3 T EE cae relative potential 3. Minister of PublicWorks Regulatia in Indonesia
4 relativesafe relative safe N0.22/PRT/M/2007. Jakartg007)
5 relative safe very safe 4. H.LJ and L. XS, “Studyon landslide redted to
6 potential potential rainfall,” J. Xiangtan Norm. Univ, 4, 22, pp. 55
7 relative safe very safe 62,(2002
8 relative safe relative potential 5. A. Sofwan, M. Ridho,and A. Goni, “Wireless
9 very safe very safe Sensor Network Designorf Landslide Warning
10 relative safe relative safe Sysemin IoT Architectue,” pp. 280-283,(2017)
11 potental potential 6. S. Kapoor,H. Pahuja and B. Singh,“Reattime
12 potential potential monitoring & alert system for landslide2016 2nd
13 relative safe relative safe Int. Conf. ContempComput. Informaticspp. 584
14 potent:al potent?al 589,(2016
12 rerl)gtti(\alzgzlfe reﬁ);tti\elztlsa;é 7. A. Basofi, A. Fariza,and M. R. Dzulkarnain,
17| et pontar |t poeni Lndaides suscoih napping usig iz
18 relative safe relative potential .,
19 very safe very safe Indanesia” Proc. 2016 Int. Conf. Data Softw. Eng.
20 potential potential ICoDSE _202_16pp‘.‘ -6, (2017 )
21 relative potential relative potetial 8. T', A. Hizrian, Peranca_ng"?m J?‘”Qa” Sensor
22 relative safe relative safe Nirkabel UntukPendeteksi Dinilerjadinya Tanah
23 potential potential Longsor Dengan Jaringan Syaraf Tiruan
24 relativepotential relative safe Multilayer ~ Perceptrori.  Teknik  Elekto,
25 relativesafe relative safe Universitas Diponegoro, Semaraiig018
26 relative potential relative potetial 9. P. Giri, K. Ng, and W. Phillips, “Wireless Sensor
27 very potential very poential Netwak System for Landslide Monitoring and
28 potential potential Warning” IEEE Trans. InstrumMeas,, vol. PP,
29 very potential very pdential pp. +11,(2018
30 potential potential 10. Z. Umar, A. Ahmad, WAbdul, A. Wan, and M.
31 very safe_ verysafe Akib, “Early Warning System for Landslide
32 relative potetial relative pdential Hazard Caused by Eeénquake and Rainfall ri
- very safe relative safe West Sumatera Prawie Indonesid’ pp. 541-546,
(2013
4 Conclu sion 11. A. Heryana, E. Nugraheni, BKusumo, A. F. Rojie,
and B. Setiadi, “Applying Agile Methosl in
This paper presents theroposed fuzzy logic for Desgning an Earthquke and Ladslide Early
intelligent vulnerability warnings of landslides Several Warning System Application for Amdd,” 1: 80-
factors that canaffect the level of vulnerability to 84, (2017
landslides are neled in thefuzzy logic method.The 12. C. D. Fenandez, K. J. A. Mendoza, and A. Jude,
factors are rainfall, land slop&gpsoil moisture, bottom “Develgmentof Microcontrollerbased landslide
soil moisturg and vibration The calculation rasdts are Early Warning Systehn IEEE Region 10
divided into five classificatiors, that is very safe, Conference, pp. 3068005, (2016)
relaively safe, relativepotertial, potertial, and vey 13. Zadeh, L.AFuzzy sets, Information and Conti®l

potential. The results of the landslide’s vulnerability
using fuzzy logic compared to the resubf rality. With

(3): 338-353,(1965



