MNamereHo: 2023-10-13 14:09:59

Primena fuzzy optimizacije u hidrodinamic¢koj analizi

Dragoljub Baji¢, Dusan Polom¢i¢, Jelena Ratkovi¢, Predrag Paji¢

IurutanHu penosutopujym Pyaapcko-reonolukor ¢pakynteta YHuBepsuteta y beorpaay

[OP Pl o]

Primena fuzzy optimizacije u hidrodinamickoj analizi | Dragoljub Baji¢, Dusan Polom¢i¢, Jelena Ratkovié, Predrag Paji¢ |
XVII Kongres geologa Srbije (Zbornik radova XVII srpskog geoloskog kongresa), Vrnjacka Banja, 17-20.05.2018. | 2018 | |

http://dr.rgf.bg.ac.rs/s/repo/item/0007335

JdvirutanHu penosutopujym Pyaapcko-reonoLuxkor ¢pakynreTa The Digital repository of The University of Belgrade

YHuBepsuteTa y beorpaay omoryhaea npuctyn usaarsuma Faculty of Mining and Geology archives faculty
dakynTeTa v pagoBumMa 3anocneHnx AocTynHuM y cnoboaHom  publications available in open access, as well as the
npuctyny. - MNpeTpara peno3vTopujyma A0CTyNHa je Ha employees' publications. - The Repository is available at:

www.dr.rgf.bg.ac.rs www.dr.rgf.bg.ac.rs



XVII KoHrpec reonora Cpbuje Kroura ancrpakaTta Bprbayka barba, 17-20 maj 2018.
429-432
XVII Geological Congress of Serbia Book of Abstracts Vrnjacka Banja, May 17-20, 2018.

PRIMENA FUZZY OPTIMIZACIJE U HIDRODINAMICKOJ ANALIZI
Dragoljub Baji¢!, Dusan Polom¢i¢!, Jelena Ratkovi¢?, Predrag Paji¢?

1) Univerzitet u Beogradu, Rudarsko-geolo$ki fakultet, Departman za Hidrogeologiju, e-mail: dragoljub.bajic@rgf.bg.ac.rs
2 |nstitut za vodoprivredu ,Jaroslav Cerni“

Kljucne reci: znanje eksperta, optimizacija, trougaoni fuzzy brojevi, upravljanje podzemnim vodama,
fuzzy logika, hidrodinamicki model.

uvoD

Rad tretira aktuelnu i kompleksnu problematiku upravljanja podzemnim vodama - odbrane od
podzemnih voda. Navedena problematika je posebno izrazena u uslovima dinamickih sistema podloZznih
kontinuiranim promenama koji zahtevaju efikasan i fleksibilan sistem odbrane od podzemnih voda,
posebno u kompleksnim hidrogeoloskim sredinama. U cilju razvoja metodologije, napravljen je algo-
ritam povodom reSavanja problema vezanih za odbranu od podzemnih voda i izbora optimalnog sistema
odbrane od podzemnih voda.

Za projektovanje i izbor karakteristika sistema odbrane od podzemnih voda primenjena je me-
toda hidrodinamic¢kog modeliranja rezima podzemnih voda. Tako su definisani elementi sistema za
odbranu od podzemnih voda, njihove karakteristike (npr. kapaciteti bunara), njihov raspored u planu i
profilu i redosled izvodenja drenaznih objekata. Rezultat primene metode hidrodinamic¢kog modeliranja
rezima podzemnih voda predstavlja dobijajnje viSe varijantnih resenja, tj. ,scenarija“/, alternativa“ siste-
ma odbrane od podzemnih voda, te je tako omoguceno sagledanje efekata rada razlicitih sistema odbra-
ne (Baji¢ & Polomci¢, 2014; Polomci¢ & Baji¢, 2015).

Polazeci od cinjenice da je Cesto neizvestan veliki broj elemenata prilikom kreiranja modela za
donosenje odluka i od toga da nije u moguce u vecini slu¢ajeva odrediti tacne numericke vrednosti za
poredenje odluka (Baji¢ et al., 2014), odredeni podaci mogu biti subjektivno izraZzeni u vidu ,znanja“ od
strane eksperta, Sto zahteva heuristicki pristup reSavanju problema pomocu fuzzy logike. Na taj nacin, u
radu je primenjena savremena metoda odlucivanja u cilju izbora optimalnog sistema odbrane od pod-
zemnih voda, te su ,tezine” svih reSenja utvrdivane primenom metode fuzzy optimizacije, tj. fuzzy ana-
liticko hijerarhijskog procesa, baziranog na trougaonim fuzzy brojevima (Baji¢, 2016; Baji¢ et al., 2017a).
Primenom navedene metode analizirani su razliciti kriterijumi i njihovi podkriterijumi (Baji¢ et al., 2015),
koji uti¢u na donosenje optimalnog resenja. Shodno navedenom, omogucdena je odrziva odluka o izboru
sistema odbrane od podzemnih voda dobijena prethodnom hidrodinami¢kom analizom.

METODE

U cilju reSavanja zadatka prilikom izbora i projektovanja sistema odbrane od podzemnih voda
primenjeni su razliciti nau¢ni metodoloski postupci: numericke metode konacnih razlika u okviru hidro-
dinamickog modeliranja rezima podzemnih voda, tj. hidrodinamicka analiza, i fuzzy logika - metoda fuzzy
analiticko hijararhijskog procesa (Chang, 1996; Deng, 1999). Savremena metoda hidrodinamickih
proracuna bazirana je na numerickom resavanju sistema parcijalnih diferencijalnih jednacina trodimen-
zionalnog kretanja podzemnih voda. U pogledu postavljanja prioriteta i donosenja optimalne odluke, po-
drazumevajudi kvalitativne i kvantitativne pokazetelje, fuzzy analiticko hijerarhijski proces (FAHP) se
pokazala kao veoma moéna i fleksibilna nau¢na metoda. Metoda FAHP predstavlja jednu od novijih me-
toda, koris¢enih poslednjih godina u procesu visekriterijumskog odlucivanja kod kompleksnih problema,
tj. za izbor neke od alternativa koji imaju razli¢itu vainost. Sirok spektar primene FAHP metode, kao npr.
u odlucivanju, evaluaciji, alokaciji resursa, planiraju i razvoju, industriji, inZenjerstvu, politici, obrazova-
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nju, pokazuje da je ona danas jedna od Cesto primenjivanih metoda visekriterijumske optimizacije (Baji¢
et al. 2017c).

REZULTATI | DISKUSIJA

Za potrebe resavanja sloZenih hidrogeoloskih i hidrodinamickih problema kao $to je odbrana od
podzemnih voda kreiran je algoritam koji se sastoji iz 3 faze (Baji¢, 2016).

U prvoj fazi primenjuje se kompleksna hidrodinamicka analiza kojom se omogucava adekvatno
formiranje menadZment scenarija za odbranu od podzemnih voda, kao i analiza efekata odbrane od
podzemnih voda (Polomdi¢ & Baji¢, 2015).

U drugoj fazi postavljaju se i detaljno analiziraju faktori koji uti¢u na izbor optimalnog sistema
odbrane od podzemnih voda. lzdvojeno je 3 kriterijuma i u okviru njih 11 podkriterijuma, koji se mogu
smatrati univerzalnim (Baji¢ et al., 2015).

U tredoj fazi vrsi se ocenjivanje kriterijuma, podkriterijuma i alternativa pomoc¢u metode fuzzy
analiticko hijerarhijskog procesa (Baji¢ et al., 2017). U ovoj fazi se donosi konac¢na odluka o optimalnom
sistemu odbrane od podzemnih voda. Prema trecoj fazi, da bi se lakse vrsili kompleksni matematicki pro-
racuni vezani za odredivanje optimalnog resenja i analiza osetljivosti, izradena je namenska aplikacija
FUZZY-GWCS® (Fuzzy - Groundwater Control System) (Baji¢ et al., 2017b). Algoritam fuzzy optimizacije u
hidrodinamickoj analizi za potrebe projektovanja sistema odbrane od podzemnih voda testiran je na
istraznom podrucju limonitskog lezista ,Buvac” i podrucju crpne stanice ,Bezdan 1”.

ZAKUJUCAK

Specifiéni algoritam, Ciji se doprinos ogleda u optimalnom izboru sistema odbrane od podzemnih
voda, formiran je zarad reSavanja aktuelnih i kompleksnih hidrogeoloskih problema odbrane od pod-
zemnih voda, kao i povodom odvodnjavanja razli¢itih objekata, pod kojim se podrazumevaju: naselja,
hidrotehnicki objekti, priobalja, meliorativha podrucja i rudnici. Prikazanim interdisciplinarnim pristu-
pom koji povezuje hidrogeologiju i hidrodinamiku sa fuzzy optimizacijom, odnosno, hidrogeologiju i
hidrodinamiku sa matematikom, logikom i viSekriterijumskim odlucivanjem, doprinosi se kvalitethom i
odrzivom upravljanju problematikom odvodnjavanja na podrucjima i na objektima ugrozenim od pod-
zemnih voda.
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INTRODUCTION
This paper deals with the actual and complex issue of groundwater management - groundwater

control. It is especially salient in the conditions of dynamic systems which are subjected to continual
changes requiring an efficient and flexible system of groundwater control, particularly in complex hydro-
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geological environments. With the aim of developing methodology, it has created an algorithm for solv-
ing groundwater control problems and for the selection of an optimal system of groundwater control.

The method of hydrodynamic groundwater regime modelling was applied in the design and
selection of groundwater control system properties. In this way, the elements of the groundwater con-
trol system were defined, their properties (e.g. well capacities), their distribution in the plan and profile
and the sequence of drainage object execution. The result of the application of the hydrodynamic
groundwater regime modelling resulted in multiple variants of solutions i.e. ‘scenarios’/ ‘alternatives’
for groundwater control systems. This, in turn, allows us to observe the impacts of the functioning of dif-
ferent groundwater control systems (Baji¢ & Polomci¢, 2014; Polom¢i¢ & Baji¢, 2015).

Given the fact that a large number of elements is often uncertain during the creation of a
decision-making model and that it is often impossible to determine the exact numerical values for
decision comparison (Baji¢ et al., 2014), certain data can be subjectively expressed expert ‘knowledge’,
which requires a heuristic approach when solving problems by using fuzzy logic. Thus, it has applied a
modern decision-making method in this paper so as to select the optimal groundwater control system,
where the ‘weights’ of all the solutions were determined by utilizing the fuzzy optimization method, i.e.
the fuzzy analytical hierarchy process, based on triangular fuzzy numbers (Baji¢, 2016; Baji¢ et al.,
2017a). By utilizing this method, different criteria and their sub-criteria (Baji¢ et al., 2015) which affect
the choice of the optimal solution were analyzed. What this does is enable a sustainable decision
regarding the choice of groundwater control to be made in accordance with the previously conducted
hydrodynamic analysis.

METHODS

With the aim of resolving any issues during groundwater control system selection and design,
various scientific methods were utilized: finite-difference methods within the scope of hydrodynamic
groundwater regime modelling, i.e. hydrodynamic analysis, and fuzzy logic - the method of the fuzzy
analytical hierarchy process (Chang, 1996; Deng, 1999). The modern method of hydrodynamic calcula-
tions is based on the numerical solving of systems of partial differential equations of three dimensional
groundwater movement. As far as setting priorities and making the optimal decision is concerned, also
taking into account qualitative and quantitative indicators, the fuzzy analytical hierarchy process (FAHP)
has proved itself to be a powerful and flexible scientific method. In recent years, FAHP has been one of
the new methods being used in the process of multicriteria decision-making in complex problems, i.e.
for selecting one of possible alternatives of varying importance. The wide spectrum of applications of
the FAHP method such as, for example, in decision-making, evaluating, allocating resources, planning
and development, industry, engineering, politics, education, shows that it is currently one of the
frequently used methods of multicriteria optimization (Baji¢ et al. 2017c).

RESULTS AND DISCUSSION

A three-phase algorithm was created for the purpose of solving complex hydrogeological and
hydrodynamic problems such as groundwater control (Baji¢, 2016).

In the first phase, a complex hydrodynamic analysis, which enables the adequate formation of a
management scenario for groundwater control, and an analysis of the impacts of groundwater control
are applied (Polomci¢ & Baji¢, 2015).

In the second phase, the factors which affect the selection of the optimal system of ground-
water control are set and thoroughly analyzed. Three criteria and eleven sub-criteria were singled out
which could be considered universal (Baji¢ et al., 2015).

In the third phase, the criteria, sub-criteria and alternatives are evaluated by using the fuzzy
analytical hierarchy process method (Baji¢ et al., 2017). It is in this phase that a decision is made
regarding the optimal system of groundwater control. In accordance with the third phase, in order to
conduct complex mathematical calculations for establishing optimal solutions and sensitivity analyses, a
dedicated application called FUZZY-GWCS® (Fuzzy - Groundwater Control System) was created (Baji¢ et
al., 2017b). The algorithm of the fuzzy optimisation in hydrodynamic analysis done for the purpose of
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designing a system of groundwater control was tested in the research area of the limonite deposit
‘Buvac’, in the area of pumping station ‘Bezdan 1’.

CONCLUSION

The specific algorithm whose contribution is reflected in the optimal choice of groundwater
control system, was created in order to solve actual and complex hydrogeological problems in ground-
water control, as well as concerning the dewatering of various objects which include: settlements,
hydrotechnical facilities, coastal areas, meliorative areas and mines. The interdisciplinary approach
defined herein, which combines hydrogeology and hydrodynamics with fuzzy optimization, that is to
say, hydrogeology and hydrodynamics with mathematics, logic and multi-criteria decision-making,
contributes to superior and sustainable management of dewatering in areas and objects threatened by
groundwater.
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