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Abstract — Risk assessment is an important task in many areas
of human activity: economic, technical, ecological etc.
Preliminary data adequacy in risk assessments is carried out on
the basis of statistical methods and experts’ evaluation on
potential losses and probabilities of the event. But in many cases,
risk assessment must be carried out under the conditions of lack
of initial information or uncertainty of information. For that
reason, special risk assessment approaches (methods) are
necessary. One of them is the usage of fuzzy logic approach. In
this paper, fuzzy logic approach is used to manage this
uncertainty in information concerning accidental releases of toxic
chemicals at chemical plants. This approach can be used by plant
risk advisers in Latvia to make right decisions in the situations
where chemical releases can harm not only the environment but
also human health.

Keywords — Fuzzy logic, fuzzy representation of knowledge,
fuzzy rules, fuzzy set theory, knowledge-based systems.

I. INTRODUCTION

Growing concern connected with environmental changes
for the worse and rise in potential risks, which happened due
to many kinds of human activities, and usage of new
technologies are the reason for a rapid increase in the
assessment and management of environmental risks. There are
many studies devoted to the analysis of ecological risks, for
example, [1] and [2]. In this research, a considerable emphasis
is placed on the risk assessment of human lives in the case of
chemical release. In this point risk assessment, in principle,
can be divided into two parts according to the type of the
released substance: liquid and gaseous. The assessment of
environmental risks and people’s health on the territory of the
plant and out of it, because of the accident at the chemical
plant and release of gaseous substance will be considered in
this article.

Assessment of environmental risk involves identifying the
events that imply hazards and assessing the magnitude of their
consequences and frequency [3]. A lot of data are necessary
for a complete ecological risk assessment. A question then
arises: how to obtain the necessary initial data for ecological
risk assessment? If sufficient statistical material is available,
the task in many cases can be achieved successfully. There are
many studies, describing the analysis of ecological risks
thanks to estimating the statistical data, e. g., [4]. Real life
example can be the assessment of cost of car insurance policy.
There is enough statistical information about possibilities of
accidents and the cost of cars. Estimated losses caused by car
crashes can be easily calculated as average losses related to
the previous cases. Based on the obtained evaluations, the risk
can be easily estimated and the cost of insurance policy can be
determined. Unfortunately, having enough statistical material,
while giving evaluation of ecological risks, is mostly an
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exception not a rule. Exceptional situations and their rare
origin do not allow using an effective statistic system for
getting a necessary evaluation. To overcome a lack of
objective information, expert estimation is often used.
Experts-specialists based on their professional knowledge,
experience and, sometimes, intuition can provide the
necessary data.

Many methods are developed for obtaining and using
uncertain  probabilistic evaluations such as interval
probabilities, second order probabilities etc. The shortcomings
of these methods are: their complexity and bad interpretability
of the uncertain results. In 1965, L. Zadeh in his work [5]
proposed a principally new conceptual basis for dealing with
imprecise information — a fuzzy set theory. The theory has
widely been developed during the past years. Nowadays,
fuzziness is used practically in all fields of scientific and
practical activities, including risk assessment.

II.Fuzzy LoGIC AND FUzzy SETS

These days there are a lot of textbooks and reference books
available on the theory of fuzzy sets and fuzzy logic. Work [6]
can be used as an example, but a more detailed and complete
description of the theory can be found in [7]. Fuzzy sets theory
presents a number of mathematical principles for knowledge
representation based on degrees of membership.

The definition “fuzzy logic” has appeared recently. That
was in the sixties with the 1965 proposal of fuzzy set theory
by Lotfi A. Zadeh, when he published his work “Fuzzy Sets”
in order to provide a model for inexact and not precise
concepts and subjective judgments. Fuzzy sets deals with
degrees of membership to a certain class and degrees of truth.
Fuzzy logic uses fuzzy rules that should receive desired results
from input linguistic data or variables. The linguistic
variable — a variable whose values are sentences in a natural
language. For example, a linguistic variable “temperature”,
which can contain values: cold, hot etc.
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Fig. 1. (a) Boolean logic.
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Fig. 1. (b) Multi-valued logic.
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Fig. 2. Fuzzy age-classification scheme.

The advantage of fuzzy methods is their reflection in the
human mind and in its ability to store and process information
that is uncertain, imprecise, and resistant to classification [8].
Fuzzy logic is an alternative to the classical logic where every
proposition must be either “1” (true) or “0” (false). Instead,
fuzzy logic asserts that things can be simultaneously “true”
and “false”, with a certain membership degree [9]. For
example, in ordinary Boolean logic a 50 year-old person can
be old or young depending on the scale. But in fuzzy logic
(see Fig. 2) a man can be simultaneously young with degree of
membership of 0.4 and old with 0.6. Fuzzy set theory provides
a way to use imprecise and uncertain information generated by
the system and human judgments in a precise way. When the
environmental data available do not provide a proper
statistical treatment, fuzzy approaches can solve this problem,
since they work well for addressing poorly characterized
parameters and linguistic variables [10].
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Fig. 3. Representation of the fuzzy methodology.
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Fuzzy logic also can merge different kinds of parameters
(e. g., environmental, health), quantitative and qualitative
values.

III. Fuzzy PROCESS

As it can be seen in Fig. 3, a suggested fuzzy model consists
of different steps. First of all, the parameters of input and
output must be defined and then converted from the original
values into the linguistic categories by creating fuzzy sets for
each of them. This process is called fuzzification. Secondly, a
set of rules must be established. These rules will allow going
from the input to the output. In this paper, the Mamdani’s
methodology will be used. Next, the obtained value must be
defuzzificated in order to give an understandable risk
assessment. This process is called defuzzification. Finally, an
output is obtained which is directly related to a certain
category of risk. All these steps are carried out using the fuzzy
toolbox that is present in Matlab and they are explained
further.
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Fig. 4. Risk assessment scheme for releases of gas substances in chemical plants.
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A. Input Definition

As we can see in Fig. 4, there are many factors, which
participate in the risk assessment of release of chemical
substances at a plant. At a minimum, two variables must be
defined in order to achieve a proper risk assessment:
“consequences of the accident” and “reliability of the
chemical plant’. Each of these variables depends on other
factors, which in their turn depend on the following factors.
Having a big number of variables, for better risk assessment it
is needed to have rather much information, which we do not
have at the moment or it might be expensive to get, because of
timing, finances and other costs. For example, there are many
parameters, such as “concentration of substance”, “duration of
the exposure”, “weather conditions” etc., which can be found
while using special measures, also such things as “probability
of accidents”, “human factor” cannot be measured with the
help of special instruments. Therefore, the fuzzy model was
rearranged in order to be based on a reduced number of input
variables: in practice, all sub-variables (as it is shown in
Fig. 3) have been grouped into two main variables. The fact
that the information necessary by fuzzy logic is mostly more
qualitative than quantitative, makes this method a good
candidate to be used in order to perform the preliminary
estimation of ecological risks. Besides, making a fuzzy model,
in this case chemical plant managers will help to use
methodology in an easier and more available and
understandable way. As it is shown in Tables I and II, fuzzy
sets were made for all inputs.

B. Output Definition
The main result of this fuzzy model is the definition of

category of risk. The function of risk in the given example is
presented in the form of equation (1).

R=GV (1)

where G: consequences of the accident, V: reliability of the
chemical plant.

As it is shown in Table III, for output fuzzy sets were
created.

TABLE III
CRITERIA OF RISK LEVEL
Risk level (R) Criterion of evaluation

V — Very High A high probability of fatal result at the plant and
nearby territory

IV — High A low probability of fatal result, but a high probability
of damage to people’s health

III - Medium A slight probability of health damage and fatal result

II - Low No risk of death, but slight probability of health
damage

I-Very Low No risk of death and health damage

TABLE1
CRITERIA OF RELIABILITY OF THE CHEMICAL PLANT
Reliability of the Criterion
chemical plant (V)
H - High e The plant fully corresponds to the safety
requirements
o The staff has been taught
M — Medium o In general, the plant corresponds to necessary
safety conditions
o The level of the staff’s preparation is not enough
L—Low o The plant does not correspond to necessary safety
requirements
o The staff has no instruction

TABLE II
CRITERIA OF THE CONSEQUENCES OF THE ACCIDENT
Consequence Criterion
of the accident
G
A In case of release of chemicals, there is a high probability
(50%) that it will lead to the fatal result — human deaths
B In case of release of chemicals, injury to people might
have a low probability of fatal result
C In case of release of chemicals, minor damage to people’s
health may happen
D In case of release of chemicals, there is a small probability
that it will bring only minor damage to people’s health
E In case of release of chemicals, no damage to people’s
health will be observed
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C. Fuzzification

In the fuzzification process, the membership functions
defined on the input and output variables are applied to actual
values, to determine the degree of truth for each rule. In this
paper, the Gaussian type of membership function was
selected. The fuzzy sets and their membership function are
demonstrated in Fig. 5(a), (b), (c) for each variable used in the

fuzzy risk assessment.
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Fig. 5. (b) Graphs of membership functions of reliability of the chemical
plant.
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Fig. 5. (c) Graphs of membership functions of risk.

D. Setting up the Rules

Fuzzy logic is a decisional system based on linguistic rules
[11]. Therefore, a next step is to connect fuzzy sets by rules.
One type of fuzzy inference rule is called the max-min
inference rule (Mamdani’s methodology).

The most used rules are: “if X and Y then Z”, where X and Y
is the premise and Z is the consequence. As an example: “if
reliability of the chemical plant (V) is High AND
consequences of the accident (G) is “In case of releases of
chemicals, there is no damage to people” THEN Risk level (R)
is Very Low”.

All the rules can be seen in Table IV. For example: if G=A
and V=M, then R =1V.

TABLE IV
A SYSTEM OF RULES OF FUZZY INFERENCE

Consequences of a Reliability of the chemical plant (V)
passiblz: Ga)ccident 1 M L

A 11T v \'%

B 11T 11T v

C I 11T 1

D 1T 1T 1

E I I I

E. Defizzification

The defuzzification process, that is, the conversion of the
fuzzy output set (represented as a surface as is shown in Fig. 6
and Fig. 7) to a crisp number, can be done by using different
methodologies (Max, mean-max membership principle,
centroid method, medium, weighted average method, center of
the largest area method and other methods) [12]. In this paper,
the most common and widely used defuzzification method has
been selected: centroid method. The results can be seen at the
top of Fig. 6. According to the centroid method or center of
gravity method, the crisp value of the output variable is
computed by finding the variable value of the center of gravity
of the membership function for the fuzzy value. If you think of
the area as a plate of equal density, the centroid is the point
along the horizontal axis about which this shape would
balance. More complete description of the algorithm can be
found in [13]. For example, as it is shown in Fig. 6, if
parameter Consequence (consequences of the accident (G)) is
30 units, but parameter Reliability (reliability of the chemical
plant (V)) — 15, then Risk level will be 43.
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Fig. 7. Three-dimensional representation of the risk, consequence of the
accident and reliability of the chemical plant.

IV. CONCLUSION

The application of the fuzzy logic to the assessment of risk
of environment and people’s health both at the plant territory
and outside it in case of potential accident and releases of
gaseous substance allows making a complex algorithm of
analysis more affordable in order to obtain a risk assessment
given incomplete and reduced input data.

The main variables of the model are as follows:

o Consequences of the accident;
o Reliability of the chemical plant.

For input and output variables, membership functions have
been established. A a set of rules to link input and output
variables has been set up and from there by the defuzzification
method a crisp value can be obtained. The use of this model
allows for a realistic preliminary assessment of the risk of
accidental chemical releases. But, it is also important to
highlight the model’s user-friendly tool design and the
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but also by the same plant managers, since it is a method that in Expert Systems,” Fuzzy Sets and Systems, vol. 11, issue 1-3, pp. 197-198,
allows for the evaluation of the risk level of the site and also it 1983. http://dx.doi.org/10.1016/S0165-0114(83)80081-5

[10] L. Zadeh, “Fuzzy logic and approximate reasoning” Synthese, vol 30,
enables one to see whether the safety measurements are 1975, pp. 407-428. http://dx.doi.org/10.1007/BF00485052

suitable. This application can be used as a preliminary risk  [11] R.E.Bellman, L. A. Zadeh, “Decision making in a fuzzy environment,”
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Andrejs Radionovs, Olegs UZga-Rebrovs. Izpludusas logikas pielietojums risku analizé

Riska noveértésana ir svarigs uzdevums daudzas cilvéku darbibas jomas: ekonomiskaja, tehniskaja, ekologiskaja u.c. Pédgjo gadu laika pieaugosais uztraukums
par ekologiska stavokla pasliktina$anos un potencialo risku paaugstinasanos, kas ir saistits ar daudzam cilvéka aktivitatém un jauno tehnologiju izmantoSanu,
rada palielinatu interesi par ekologisko risku novértésanu. Ja ir pietickams daudzums pamatinformacijas, tad sakotngjo riska novértgjumu var balstit uz statistikas
metodém. Diemz&l ekologiska riska novértésanai trikst statistiskas informacijas. Tadgjadi riska novert&jums javeic informacijas triikuma, nepietieckamibas vai
nenoteiktibas apstaklos. VEésturiski pirmais nenoteiktibas veids, kuram bija izstradati teorétiskie un praktiskie pamati, bija gadijuma notikumu iestasanas izredzes
(varbiit€ja nenoteiktiba). Paslaik varbiitibas teorija nodro$ina sp&cigu matematisko aparatu nenoteiktibas vadibai dazadas cilvéku darbibas jomas. Tacu
varbiitibas teorija un statistika nevar palidzet atspogulot izpliidusus subjektivus prieksstatus par relevanto realo lielumu nenoteiktibu (izpliidusas nenoteiktibas).
Lai samazinatu triiksto$as objektivas informacijas ietekmi, biezi izmanto ekspertu vert€jumu par iespgjamiem zaud&umiem un notikuma varbatibu. Eksperti,
pamatojoties uz savu kompetenci, pieredzi un dazreiz intuiciju, var sniegt datu analizei nepiecieSamos datus. Ir izstradatas dazadas metodes izpladusSo varbuitibu
izmanto3anai un aprékinaanai. Pie §Tm metodém pieder: intervalu varbiitibas metode, otras kartas varbitibas metode, izplidusas logikas metode utt. Saja raksta
izpludusas logikas metode tiek pielietota ekologiska riska analizé, gadijuma, ja notikusi toksiskas vielas noplude kimiskaja riipnica. Izpludusas logikas pieeju var
izmantot kimisko riipnicu konsultanti riska jautajumos, lai pienemtu nepieciesamos lémumus tadas situacijas, kad izpladusas kimiskas vielas var bt bistamas ne
tikai videi, bet ari cilvéku veselibai.

Amnapeii Paguonos, Ouser Yikra-Peopos. IlpuMeHeHne He4eTKOI JIOTMKH 1151 aHAJIM32 PHCKOB

Ol1ieHKa PUCKOB SIBJISICTCS BAXKHOW 3a/1a4€ii BO MHOTHX 00JIACTSX YEIOBEUECKOM AEATEIbHOCTH: SKOHOMUYECKOM, TEXHUYECKOM, IKOIOTHYECKOH | T. 1. Pactymiee
0ECIIOKOHCTBO IO IOBOJY YXYJIIAIOIErOCs COCTOSHHS OKPY)KAaIOIIeH Cpeabl M BO3pACTaHHE MOTEHIMAIbHBIX PHCKOB, CBS3aHHBIX CO MHOTHMH BHIaMHU
JIeSITEJIbHOCTH YEJIOBEKA U UCIIOJIb30BAHUEM HOBBIX TEXHOJIOTMH, BBI3BIBAIOT CTPEMUTEIBHOE YBEJINUEHUE MHTEPECAa K OLIEHKE U YIPABJICHUIO 3KOJIOIMYECKUX
pHCKOB. B ciiydae Haiqnmums 10OCTaTOYHOW MCXOJHOM MHGOpMalMK MpeaBapuTebHAs OLEHKA PUCKA OCYIIECTBIACTCS HAa OCHOBE CTATUCTHYECKHMX MeTozoB. K
COXKAIICHHIO, HAJIMYKE AOCTATOYHOIO CTATHCTHYECKOr0 MaTepHaia B OLEHKE SKOJOTHIECKHUX PHUCKOB SIBISETCS CKOpee HCKIIOUCHHEM, YeM IpaBHiIoM. B Takom
cllydae, OLCHKA PHUCKa JOJDKHA IIPOBOJMUTHCS B YCIOBUSX OTCYTCTBHSI, HEAOCTATOYHOCTH WM HEOUPENEIeHHOCTH HH(pOpManuy. VcTopuuecky IepBbIM THIIOM
HEONpeNeNEHHOCTH, Ul KOTOPOro ObUIM pa3paboTaHbl TEOPETHYECKHE W NPAKTHYECKHE OCHOBBI, OBUIM IIAHCHI HACTYIUICHUS CIy4alHBIX COOBITHI
(BEpOATHOCTHBIE HEONpeAeNEHHOCTH). B HacTosimee Bpemsl TeopHs BEPOATHOCTH IPEIOCTABISAECT MOIIHBI MaTeMaTHYeCKUH ammapaTr A YIpaBICHHS
HEOIPEeeIEHHOCTEI0 B PA3MHYHBIX OOIACTSAX YeNOBEUECKOH MAesATeNbHOCTH. [l CHIDKCHHS BIMSHUS HENOCTaTKa OOBEKTHBHOM MH(OpMAlMU YacTo
HCIIONB3YIOTCSI OLICHKH JKCIEPTOB O IIOTEHIMAIBHBIX ITOTEPSIX U BEPOSTHOCTU COOBITHSA. DKCIEPTHl HAa OCHOBE CBOHMX HPO(ECCHOHAIBHBIX 3HAHWM, OIBITA H,
MHOTJ[A, UHTYHIMH MOTYT IPEACTaBUTh HEOOXOOHMBIC U aHaiM3a AaHHBIE. Pa3paboTaHbl METOAB! ISl NMOTYyYEHHS M HCIONB30BAHHSA HEOIpeIeIeHHBIX
BEPOSTHOCTHBIX OLICHOK, K HUM OTHOCSTCS:: MHTEPBAIIbHBIC BEPOSTHOCTH, BEPOSTHOCTH BTOPOTO IMOPSAKA, METOJ HEUYETKOU JIOTWKH U T. 1. B mamHoi#l crathbe
OINCaH MPOIECC AHAIM3a IKOJOTMYECKOr0 PHCKA METOJAMU HEYeTKOW JIOTMKH Ha IIpUMEpe YTEUKH TOKCHYECKHX BBIOPOCOB Ha XHMHYECKOM 3aBOJE.
3asBIECHHBIN MOAXO0J HA OCHOBE HEYETKOM JIOTMKH MOXET ObITh HCIOJIB30BAH KOHCYJIBTAHTaMM IIO OIEHKE PHCKAa Ha XMMHYECKHX 3aBOJAX IJis NPUHATHS
HEOOXOAUMBIX PELICHUH B CHTYalLAX, KOT/1a XUMUYECKHEe BEIOPOCH MOTYT HAHECTH Bpell He TOIbKO OKpPY Kalolleil cpele, HO U 3J0pOBBIO JII0ACH.
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