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Projekti /poslednji period

2015 Monitoring kvaliteta Zivotne sredine u AP Vojvodini u 2015. godini, Pokrajinski sekretarijat za urbanizam,
graditeljstvo i zastitu Zivotne sredine, Dr Bozo Dalmcija

2013-2015. FP7 SOLUTIONS (For Present and Future Emerging Pollutants in Land and Water Resources Management)
ENV.2013.6.2-2 Toxicants, environmental pollutants and land and water resources management, Dr lvana Teodorovic

2011-2015. DANUBIUS-RI (International Centre for Advanced Studies on River-Sea Systems), Biosense, Dr Adrian Stanica
2013-2014. FP7 DANCERS (Building Excellence in the Danube Region) Dr Vesna Bengin Crnojevic¢
2012-2017. COST TD1209 European Information System for Alien Species, Dr Helen Roy

2011 SERCON System for Evaluating Rivers for Conservation network, Secretariat for Environment protection of Voivodina,
Serbia, Dr Snezana Radulovi¢

2010-2015. Biosensing Technologies and Global System for Long-Term Research and Integrated Management of
Ecosystems, MNTR 043002, Dr Miroslav Veskovic¢

2010-2011. Invasive Species of Voivodina (Serbia) Secretariat for Environment protection of Voivodina, Serbia, Dr Pal Boza

2009-2011. EU Neighbouring Programme Romania-Serbia: Eco-status of the River Tamis, 06SER02/03/007-8, Contractor City
of Pancevo Dr Ivana Teodorovié

2008-2009. SERCON (System for Evaluating Rivers for Conservation) River Jegricka case study JP Vode Vojvodine,
Dr Snezana Radulovic¢



Digitalizacija/Baze podataka

THE DIGITAL DATABASE OF
AQUATIC AND SEMIAQUATIC VEGETATION IN SERBIA

Dusanka Lj. Cvijanovic’, Milica M. Zivkovic', Ana A, Andelkovié, Maja Z. Novkovic',
SneZana B. Radulovi¢', Dmitar V. Laku3i®
‘University of Novi Sad, Faculty of Sciences, Department of Biology and Ecology, Novi Sad, Serbia
"Institute for Plant Protection and Environment, Belgrade, Serbia
“University of Belgrade, Faculty of Biology, Institute of Botany and ‘levremovac’ Botanical Garden, Belgrade, Serhia

Database ,Phytoccenasis of Serbia”
- refevés collected in the form of photooopied literature sources
- stored at the Institute for Botany of the Faculty of Biology, University of Belgrade
prepared framework for relevés digitalization, in the form of Excel files

- Aquatic and semiaquatic vegetation - only 5% of data in the database -

- relevant references for the aquatic and semiaquatic vegetation published up
until the year 2010 in 38 different sources, by 24 authors

- highest percent of relevés in the database originated from Ph.D. Thesis,
followed by scientific papers and M.Sc. Thesis

PHASE TWO: Digitalize and organize the relevés

The phytocoenalagical data was digitalized in the farmat of Excel files, subsequently organized in a separate database, first using
the progam package Flora {Karadzic et al., 1998), and following that the Turboveg software {Hennekens and Schaminée, 2001).

33 etz 1 the peagam zadoge -

THE DIGITAL DATABASE OF AQUATIC AND SEMIAQUATIC
VEGETATION IN SERBIA

The database of aquatic and semiaquatic vegetation now holds 1.720 phytocoenclogical relevés, distributed in 243 phytocoenological
tables, with a total of 395 species and 13.128 floristic records. With regards to the time frame of the data in the database, the highest
percent of the relevés {56.40%) was collected after the year 2000 (Figure 6]. The phytocoenological relevés are spread over 210 localities,
at an irregular geographical distribution, which is nat in proportion with the hydrography of Serbia. As high as B7.84 % of the datais
fooused in the are of the Pannonian part of Serbia (Figure 7).
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Ovuka M, Rackovi¢ M, Radulovi¢ S, Cvijanovié D, Zivkovi¢ M, Novkovi¢ M and Boon P.
SERCON (System for Evaluating Rivers for Conservation), Software Version 3.1 (2012-2015)

Milica Zivkovi¢', Snezana Radulovi¢, Dudanka Cvijanovi¢', Maja Novkovi¢', Ana Andelkovi¢?,
Ivana Teodorovi¢', Philip Boon®
1 University of Novi Sad, Faculty of Sciences, Department of Biology and Ecology, 21000 Novi Sad, Serbia
2 Institute for Plant Protection and Enviranment, 11000 Belgrade, Serbia
3 Scottish Natural Heritage, 2 Anderson Place, Edinburgh EH6 SNP, UK
* Scholar of the Ministary of Education, Science and Technological Development of the Republic of Serbia

The SERCON softwa
application, ‘e. It conslists of clies
unicate with each other, and
the client part u
part is displayed by typing the appropriate address in the
browser. The client part Is Implemented using JSF technology
rver Faces). With JSF as a supplement, KCCfa

ies was used. When a user sends requests, the client
communicates with the server part that retums the
roquested data, Server part of application 1s implermented
using EJB3 technology (Enterprise JavaBeans), Server part of
application  directly communicat the relational
database, or that server us L language (Hibernate
Query Language).
As SERCON software 's publicly availabla tlocated on the server
and each user can access it onling) it was necessary to
Implement the access authentication, e the possibility that
only users who have boen assigned approps ot name and
password can access the data, The hasic and largest part of the
software allows you to enter or edit all ECS's data, or RHS's data,
after which the software evaluates scores which are defined by
SFRCON or RHS methads, Data entry is performes
pages that are organized to correspond directly to SE
HHS methads,

The aim of this study was o assess the ecological status
of the Tami4 Ak ot Fvaluating s
for Conservation) method. The prime motivation for developing
a new technique for Hver conservation assessment Is a perceived
breadth, tigour and repeat.
luations, and shiting the focus from merely seeking
oving and restoring
pectrum of conservation value
the Water Framework Directive,
the need for new river monitoring programmes relevant tools
quality’are very much In demand

As much a3 other rivers in the region, the Tamit River has
been a challenge for blological surveys for decades.
Novertheless, these surveys are usually focused on specific
groups of org 5. The Tami§ River, one of Danubes main
tributaries, rises in the Semenic Mountains In Romania. It flows
through Aemania and Serbia to the Danube Aiver (Figure 1]
Upon entering the reglon, Tamid becomes slow and
meandering, and In its lower course it has regulated,
becoming a significant part of the Danube-T'sa-Danube [O10)
vic ot al, 2010).

Ovuka M. Rackovic M Radulovié 5, Cvsanoné D, e M,
Nowhewic M wnd Boon 7, SERCON Saltvrare (System for Eveluating
Rvers for Contesvation] Verson 1. Faculty of Sconce,
Department of Biology and Ecology, Nowt 536, Sebia

The 40th IAD Conference:

systems are
assigned scores. Information on sach attribute is used to create
a picture of the river in terms of traditional conservation criterla
such as Naturalness, Specles Richness, and Rarity (Boon et al
1994, 1997, 1998, 2002}, Along with the eonsarvation critoria
SERCON also Includes: Physical Data, Catchment Land-use,
Water Quality and impacts. The SERCON evaluation requires a
vast amount of data, obtained from different soure
information. SERCON software was developed at Faculty of
Science in Novl Sad [Ovuka | s

Fleld surveys were carried out during 2009-2010. at sk
representative sampling sites: 1. Jasa Tomic, 2. Se¢anj, 3. Botos
Tomadevac, 4. Farkazdin, 5, Opovo and 6. Pancevo (Figure 1)
Observations of the features and artficial modifications vadh
made along a standard 500m length, with six AHS (River
Habitat Survey) spot-checks (ECS - evaluated corridor section)
Sampling of Macrozoobentos and Fsh Fauna was carried out at
six roprosontative sampling sites, and Macrophyles sampling at
nine LEAFPACS (Lake assessment methods macrophyte and
phytobenthos)spot-checks.

Two ECSs of the Tamit River were assessed. ECS1 Is the first
rt of the Tamié Aiver from its entry in Serbia (conetced with
alnal DTD), and ECS2 is the second part of the river from the
canal D10 ta Its confluence with the Danube.
The total of 31 macrophytes ware recorded, including three
invasive (Azofla filiculoides, Elodeo conadensis and Vollisneria
spiralis) (Radulovic et al, 2 n addition, 28 fish taxa and 11
groups of benthi fauna were recorded
cores were cakulated by prefiminary checklists fo
applylng SERCON to rivers In Serbla (Radulovié et al, 2012),
POY (Physical diversity) weighted Index value for ECS1 Is 12
wihich 15 24% of the maximum possible, The same |
1s 26, which is maximum possible.. On the other side
an Index value for NA (Naturalness) for ECS1 Is 104, which Is B5%
of the maximum possible, while the same value for FCS2 1s 93.5,
or 76% of maximum possible weighted index value. For both ECSs
welghted Index value for RE (Representativeness) Is 45,0 20% of
the maximum possible, while SR weighted Index value (Specles
iness) is 25, wich is 49% of maximum possible weighted index
value
In total, 20 of the 30 conservation characters hi alysed
with the level of relevance of 66%,
Value of the final SERCON score was 54% for the first section
and 56% for the second section (ECS2)
o sections have a mean ecological status.
Based on 66% of the analyzed features, which comprises B
rlon of relevance, it Is concluded that the assessed SERCON
served sections of the Serbian part of the
wer maintain the medium ecological status.
Acknowledgement:
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http://sercon.pmf.uns.ac.rs/SerconWeb



http://sercon.pmf.uns.ac.rs/SerconWeb/

Select RHS which you want to edit

Kutinska reka_RHS 2_selo Krastavée, date:14/04/2014 .
Kutinska reka_RHS 3_GadZin han, date:15/04/2014
Kutinska reka_RHS 4 Taskovici, date:15/04/2014
Kutinska reka_RHS 5_(prva)Kutina, date:15/04/2014
Lepenica_RHS 1_Dragobraca, date:26/02/2014
Lepenica_RHS 2_Kragujevac, date:02/04/2014
Lepenica_RHS 3 _blizina Cvetojevca, date:02/04/2014
Lepenica_RHS 4 Badnjevac, date:02/04/2014
Lepenica_RHS 5 Batodina, date:02/04/2014

Lim_RHS 1_Brodarevo, date:22/01/2015

Lim_RHS 2_Prijepolje (Kolovrat), date:22/01/2015
Lim_RHS 3_pre Bistrice, date:22/01/2015

Lim_RHS 4_Priboj. date:22/01/2015

Mlava_RHS 1_ﬁagubica. vrelo Mlave, date:20/01/2015
Mlava_RHS 2_lzvarica (Ribare), date:20/01/2015
Mlava_RHS 3_Gornjak (Gomnjacka klisura) , date:20/01/2
Mlava_RHS 4 _Leskovac, date:21/01/2015

Mlava_RHS 5 Petrovac na Mlavi, date:21/01/2015
Mlava_RHS 6_Trnavce, date:22/01/2015

Meostonga_RHS 1_Gakovacki put, date: 14/08/2014 -

Edit RHS Edit terrain data Delete RHS

Exit

€ 2010 SERCON Software

- All rights reserved — Created and designed by Marko Owvulka



S E R c o N Working on RHS: Mlava_RHS 2 Izvarica (Ribare) Edit basic RHS data M“{:n‘:m:)
software

HOME (no save)
Page 1
Page 2
Page 3
Page 4
RHS SCORE

Page 2

Spot-check 1 is at: upstream end downstream end of site (tick one box)
E. PHY AL ATTRIBUT

. only

Bank modificatio

Marginal & bank feature




:
. Findhorn ECS 1 . . You are logged in as
S E RC 0 N Warking on ECS- iy Scetland, Area: NScothand o Pasc ECS data Marko Ovuka ( Logout )
SO ftwa re RHS in this ECS: [FI LG EE CPIEC O GEVEIAS  Edit this RES
HOME (no save)

Physical data
Catchment Land-use
Water Quality PD 1. Location of ECS
Naturalness
Representativeness
Rarity

Species Richness
Special Features
Impacts

Grid reference for the upstream himits of the ECS:

Gnd reference for the downstream lumits of the ECS: |5 3 "N 3 3 55 ¢ Wor

Grid reference for the mid-point: 57 7|34 35 \ 3 F 57. wow

Altitude at mid-point of ECS:

Altitude of source of river:

Distance from source of mid-pomnt of ECS:

AFls The number(s) of the OS
on which the ECS appe
SERCON SCORE Hydrometric area within which the ECS lies: 007. Findhorn Group

PD 2. Length of ECS

The length of the river channel within the ECS:




HOME (no save
Page 1
Page 2
Page 3
Page 4

I. BANK PROFILES

Use v/ (present) or E (= 33% banklength)

L R L R

Vertical'undercut Tl G v ¥ ¥ | Resectioned (reprofiled) ™ ... v v
Vertical with toe s v ¥ | Remnforced - whole A P, v v
Steep (=43) T v v |Reinforced - top only ..., v v
Gentle S E v|E v |Remforced-toconly ... v v
Composite L v ¥ | Artificial two-stage e (P v v
Natural berm T v ¥ | Poached bank T My = -
Embanked =N _ S — v ¥

Set-back embankment —~-—_— v -

J. EXTENT OF TREES AND ASSOCIATED FEATURES

*record even 1if <1%

TREES (tick one box per bank)
Left  Right

None

Isclated/scattered

Regularly spaced. single

Occasional clumps

Semi-continuous

Continuous 7 7

ASSOCIATED FEATURES (tick one box per feature)
None Present E(=33%)

Shading of channel 0
*QOverhanging boughs .
*Exposed bankside roots O
*Underwater tree roots O

Fallen trees O

Large woody debris O

K. EXTENT OF CHANNEL AND BANK FEATURES

(tick one box for each feature)

*record even if <1%

None Present E(=33%)

*Free fall flow C
Chute flow O
Broken standing waves O

Unbroken standing waves

Exposed bedrock O
Exposed boulders O
Vegetated bedrock/boulders O

Unvegetated mid-channel bar(s) O

None Present E(=33%)




HOME (no save)

Physical data
Catchment Land-use
Water Quality
Naturalness
Representativeness

Species Richness
Special Features

ERCON SCORE

Species richness

Save

| w=dEve |

SR 1. Aquatic and Marginal Macrophytes
River Macrophyte Survey check-list:

Species Present Species Present
Achillea ptarmica 7 Marchantia polymorpha
Alisma lanceolatum Marsupella sp(p).
Alisma plantago-aquatica Mentha aquatica
Alopecurus geniculatus Menyanthes trifoliata
Amblystegium fluviatile Molinia caerulea
Angelica svlvestris Montia fontana v
Apium mundatum Myosotis scorpioides
Apium nodiflorum Myosoton aquaticum
Batrachospermum sp(p). Myrica gale
Berula erecta Mynophyllum alterniflorum
Bidens cernua Mynophvllum spicatum
Bidens trnipartita Nardia sp(p).
Blindia acuta i Nardus stricta

Bolboschoenus maritimus

Narthecinm ossifragum

Brachythecium plumosum

Nitella sp(p).

Brachythecium rivulare

MNuphar lutea

Brachythecium rutabulum

Nymphaea alba

Bryvum pseudotriquetrum

Octodiceras fontanum

Butomus umbellatus

Oenanthe crocata

Calliergon cuspidatum

Oenanthe fistulosa




Physical data

AFls |
SERCON SCORE

Sercon Score

EHS in this ECS: | Findhom RHS site 2, date:04/08/2011 ¥ | Review this RHS report

CONSERVATION CRITERIA Score Weight QUALITY BANDS
PDY: Physical Diversity 92 a* 3 A
NA: Naturalness A (NA 1-6) 84 a 5 A
Naturalness B (INA 7-10) 59 a* 1.5 C
RE: Representativeness 4 3 E
RA: Rarity 44 a*® 2 C
SE.: Species Richness 49 a* 2.5 C
SF: Special Features 68 a* 1 A
IM: Impacts 26 a* B
SUBSCORES Score
PHYSICAL DIVERSITY
PDY 1: Channel Substrates 5
PDY 2: Flow-tvpes and Habitat Features 5
PDY 3: Structure of Aquatic Vegetation 1
NATURALNESS
NA 1: Planform and River Profile 5
NA 2: Extent of Channel and Bank Engineering 5
NA 3: Channel and Bank Features
NA 3a: Habitat Quality Assessment 0
NA 3b: Habatat Modification Class




Can we REALLY detect how much stress to aquatic vegetation in large rivers
comes from chemical pollutants in multi-stress conditions?




FP7 Solutions / SETAC 2015

Impact of multi-stress conditions on macrophyte vegetation in the
Danube Basin: the experience from the Joint Danube Surveys (JDS 2 & 3)

Maja Novkovic, Dusanka Cvijanovi¢, Snezana Radulovi¢ and Ivana Teodorovié
University of Novi Sad, Faculty of Sciences, Department of Biology and Ecology, Novi Sad, Serbia

OBJECTIVES * Aninventory of macrophyte species traits along the Danube conditioned by the type of monitoring program
* Selecton of the chemicals and envronmental mixtures likely to pose the highest ecological risks to vegetation along the Danube

JDS2

96 survey sites
MACROPHYTE DATASET
HYDROMPORPHOLOGY
DATASET

* land use

Pilot
analysis

analyss were performed with kand cover and chemical determinants.
against vegetation structure anc metrics, respectively. Ondy significant and relevant reations were shormn.

JDS3

68 survey sites
CORINE CHEMICAL DATASET '\AACROPHYTE DATAS[T - BIOLOGICAL
LANDUSE DATASET * >600 determinants getation structure TRATIS

vegetation metncs THY & freswaterncoiogy com databaues
Selected re

* Artific c = S JDS3
MACROPHYTE

* Forests and semi-natural areas

* Wetlands .1 DISTRIBUTION

Nt ol e nco

CHEMICALS Geographical distriba.tion of macrophyte indicator species
along the Danube derived based on typology of aquatic and
semi- aguatic vegetation in Lurope, acording o Rodwel
1£0.1995), Rodwell ct al. (2002}, Chytry and Tichy (2003) and
Oy (€2, 2011)

7 habitat types:
13 artificiul and agrictural land cover
47 forests, sermi natural aneas and wetiands bind cover

Constancy > 80% per habitat type

CHARACTERISTIC
POLLUTANT MIXTURES

Mdentification of relevart polkuanes
for aquatic vegetation skong the Damube
Selection of relevant plant tralts for J0S3

RELEVANT POLLUTANTS
FOR VEGETATION THE DANUBE
STRUCTURE AND METRICS MACROPHYTES

ECOLOGICAL TRAITS

|
|
|
| acrec macrophytes speces dat-uton.
|
|
|

IDENTIFICATION OF INVENTORY OF
RELEVANT ENVIRONMENTAL MIXTURES AQUATIC MACROPHYTES BIOLOGICAL
FOR AQUATIC MACROPHYTES TRAITS ALONG THE DANUBE

salutiTns




Joint Danube Survey ICPDR

68 survey units saluti-ns

Aquatic vegetation data Chemical data

345 sample quadrats 600 chemical determinants
*vegetation structure » determinant concentration
*macrophyte richness and production  JDS 3 chem data for BQE

JDS 3 macrophyte.xlsx final.xlsx
Matricediasis " Matrice final 30 7.xlsx



JDS 3 chem data for BQE final.xlsx
Matrice final 30 7.xlsx
JDS 3 macrophyte.xlsx
Matrice final 30 7.xlsx

Methods

Heavy metals

PAHSs
Chemical Herbicides
data Pharmaceutical products

Industrial and personal care products
Basic PHY-CHEM attributes
(285 determinants)

Land Use
data Cluster analysis (a

Aguatic
vegetation Macrophyte functional groups
data (75 indicator species)




Results: preliminary CCA analysis

BaSiC PHY-CHEM Dissolved Oxygen
Nitrates

parameters Chlorophyll-a
Arsenic
Mercury
Fluoranthene*
Naphthalene*
Benzo(b)fluoranthene*
Benzo(k)fluoranthene*
Methabenzthiazuron Significant and relevant
. Dinoterb determinants
Herbicides Metolachlor ESA for aquatic vegetation
Terbutylazine-2-hydroxy Jealimlbieters et e QL)
. (* priority substances)
Triazolam

Pharmaceutical -framadeol B
EDDP (met. of Methadone)

products Phenacetin
Bromazepam

Industrial and Nicotine
Sucralose

personal-care products. PFHpA* S

Heavy metals

PAHs




Results: CCA analysis

=== Basic PHY-CHEM parameters 15.3 %

Heavy metals 8.7 %
=== PAHs 12.43 %
=== Herbicides 16.76 %
=== Pharmaceutical products 23.55%
=== |ndustrial and personal care

luct 14.99 %
41.09 %

Of Total Variance for

macrophyte assemblages
(Without Covariance)




Results: cluster analysis

According to: land cover types & basic PHY-CHEM parameters

| @ artificial and agricultural
land cover (1-3)

1K) forests, semi natural

areas and wetlands (4-7)

e
” .

@ artificial and agricultural land cover




Results: covariance calculation

Pharmaceutical
products 12.48 %

10.57 %

Herbicides

Covariance .

9.06 %

Mercury

Industrial and Terbuty
personal care
products




Results: additional CCA analysis

first level of clustering

two subsets = CCA = unfriendly table

o0
Variable samples
(% of T.V.)

Arsenic (As) 10.75 4.06

Benzo(b)fluoranthene 2.29 3.24 1.91

Benzo(k)fluoranthene 6.47 3.35

Bromazepam 2.52 5.93 3.59

Stronger response of macrophyte Cillaapinl 2 686 620 430

. Dinoterb 2.06 6.74 2.87

assemblages to environmental e A P 526 863 526

o 5 EDDP 8.24 3.51 4.06

variables was obtained. — 366 512 a3

Mercury (Hg) 5.03 7.82 5.02

Methabenzthiazuron 8.69 11.33 8.61
e Metolachlor ESA 9.38 9.71 789 ‘I
” Naphthalene 3.66 3.11 ‘
Nicotine L) 7.28 7.89 |

| Nitrates (NO3-N) 10.07 7.01 6.93
| PFHpA 6.41 2.97 3.59 ‘

\ Phenacetin 9.44 4.30

Sucralose 8.69 8.09 6.22

Terbutylazine-2-hydroxy 5.49 4.58 4.30

Tramadol 6.86 3.78 3.83

— Triazolam 12713 12768 10.76™



Conclusion

Detected group of most significant chemical determinants
in water for macrophyte assemblages along the Danube
and quantified its in situ effects.

STILL

Could not distinguish different mixtures of pollutants for
distinctive habitat types due to partitioning of datasets.




Macrophyta Trait Based Approach - from concept to reality

Najcesce koristene metode obrade podataka u ekologiji vegetacije su

Cocktail metod

TWINSPAN metod

Detrendovana korespodentna analiza (DCA)
Corispodentna analiza (CA),

Canonijska korispodentna analiza (CCA)

Detrendovana kanonijska korispodentna analiza (DCCA)
Analiza glavnih komponenti (PCA)

Nemetricko multidimenziono skaliranje (NMDS).




Vegetacijska baza podataka

Serija istrazivanja Dunava
Internacionalne komisija za zastitu Dunava

Poland }

Joint Danube Survey 2 ekspedicija /
A

Joint Danube Survey 3 ekspedicija
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— @ synapse

axon from a neuron

WoLo

cell body

Zwimi +b

output axon

activation
function




—— Training algorithms | \
ANN (Artificial Neural Networks)

N AT <L



Vestacke neuronske mreze

Gruba aproksimacija bioloskih neuronskih mreza
Sistem za paralelno raCunanje

Procesna sposobnost je data u vidu veza izmedu procesnih jedinica
(neurona)

Iput 1 -

gt 20—

Input ™ — — Sigmioic

Thre=shold I_I:I




Akvaticna i semiakvati¢na vegetacija

Kolone — vegetacijske vrste: 69
Redovi — snimci za ispitivanje: 175

Podela | snimak |Acocal| .. Car |Cerdem Wol arr | Zan pal
Dunava ama




Vestacke neuronske mreze

Dva osnovna nacina povezivanja procesnih jedinica:
MreZe sa propagacijom signala unapred (Feed-Forward)
Rekurentne mreze

Viseslojna neuronska mreza

Obucavanje propagacijom greske unazad
Dovoljan samo jedan skriveni sloj




U vedini slucajeva jedinica aditivno doprinosi svojim izlazom ulazima jedinica sa kojima je povezana.
Ukupan ulaz predstavlja tezinsku sumu:
Pozitivni tezinski faktori predstavljaju ekscitiraju¢e a negativni inhibirajuce veze. Jedinice sa pravilom
propagacije (2.1) nazivaju se sigma jedinice. Postoje i sigma-pi jedinice kod kojih je pravilo aktivacije:.
Obicno se yjm skaliraju tezinskim faktorima pre mnozenja.




Model vestacke neuronske mreze

Prvi pristup:




Model vestacke neuronske mreze

Drugi pristup:




Formiranje obucavajuceg skupa

Kompletirati skup ulaznih podataka
Linearno skaliranje vrednosti
Izbacivanje nekonzistentnih uzoraka

Kolone — odabrane supstance: 134

Podela | snimak | Bentazon | ... | Alkalinity

Dunava Sacinjena na sledeci nacin
1 0.009 Nije izvrSeno merenje — prazna ¢elija u tabeli
1 0.009 lzvrSeno merenje — realna vrednost
1 :l Ispod limita detekcije — realna 0 nula vrednost
5 : Ispod limita kvantifikacije — realna vrednost
6 173 0.008 limita kvantifikacije

6 174 0.008




Izbacivanje nekonzistentnih uzoraka

Cetiri slu¢aja poredenja snimaka:

Male promene na ulazu - male promene na izlazu
Male promene na ulazu - velike promene na izlazu
Velike promene na ulazu - male promene na izlazu

Velike promene na ulazu - velike promene na izlazu

X1 X2 X3 Y1

Inicijalni uzorak

1. uzorak

2. uzorak

3. uzorak

= (O 0O(0O

4. uzorak




Mentha aquatica L.

Naziv kolone: Men aqu
Broj ulaza:
Sekcija: —
Zeljena vrednost: 0
Max greska: lzlaz neuronske mreze: 0.000177428
. v Apsolutna greska: 0.000177428
Min greska:
Zeljena vrednost: 47.06
Izbaceno uzoraka: Izlaz neuronske mreze: 47.78350747
Apsolutna greska: 0.723507474
Min: —
Zeljena vrednost: 50.017
Max: Izlaz neuronske mreze: 48.76010181
Apsolutna greska: 1.256898195
Average:
SD: Zeljena vrednost: 2.775

Izlaz neuronske mreze: 1.283237058

Broj uzoraka: Apsolutna greska: 1.491762942




Lemna minor L.

Naziv kolone:

Broj ulaza:

Sekcija:

Max greska:

Min greska:

Izbaceno uzoraka:

Min:

Max:

Average:

SD:

Broj uzoraka:

Lem min
134 134+1
All 1,2,3 4,5, 6
3.433 4.020 2.420
0.000 0.000 0.000
%38 %38 %25

0.000 0.000 0.000
72.734  72.734  58.742
9.517 12.382 6.431
14.526  16.945 10.579
175 92 83

Zeljena vrednost:

Izlaz neuronske mreze:
Apsolutna greska:

Zeljena vrednost:
Izlaz neuronske mreze:
Apsolutna greska:

Zeljena vrednost:
Izlaz neuronske mreze:
Apsolutna greska:

Zeljena vrednost:
Izlaz neuronske mreze:
Apsolutna greska:

Zeljena vrednost:

Izlaz neuronske mreze:
Apsolutna greska:

8.33
4.896537414
3.433462586

25
24.83352315
0.166476854

15.342
15.37735214
0.035352145

43.096
42.4718253
0.624174703

30
30.11582075
0.115820746




Ceratophyllum demersum L.

Naziv kolone:

Broj ulaza:

Sekcija:

Max greska:

Min greska:

Izbaceno uzoraka:

Min:

Max:

Average:

SD:

Broj uzoraka:

Cer dem
134+1
1,2,3 4,5,6
1.738 3.618

0.000 0.001
%33 %55

0.000 0.000
81.806 100.000

7.775 28.209
14.069 20.103
92 83

Zeljena vrednost:

Izlaz neuronske mreze:
Apsolutna greska:

Zeljena vrednost:
Izlaz neuronske mreze:
Apsolutna greska:

Zeljena vrednost:
Izlaz neuronske mreze:
Apsolutna greska:

Zeljena vrednost:

Izlaz neuronske mreze:
Apsolutna greska:

3.03
1.291645422
1.738354578

21.248
21.95990728
0.711907284

15.426
14.05368703
1.372312966

6.38
6.719082275
0.339082275



Verifikacija

Neuronska mreza moze se smatrati obucenom:
Apsolutna greska po testu uzorku nije veca od 1

Broj izbacenih uzoraka manji od 50%

Tri demonstrativne vrste:.

1 Mentha aquatica L. 2
2. Lemna minor L. |
3. Ceratophyllum demersum L. 123 - -

Dva slucaja
Obrada za ceo tok Dunava 3
Obrada za segmente




Primena analize glavnih komponenti

lzvrSena nad ulaznim podacima
Redukcija sa 134 na 17 ulaza

lzmenjena neuronska mreza

ANN master rad rezulati.docx



ANN master rad rezulati.docx

Mentha aquatica L. - PCA

Naziv kolone: Men aqu Men aqu - PCA
Broj ulaza: 134 134+1 17+1
Sekcija: All 1,2,3 1,2,3 4,5, 6
VEredEEeny 4.849 1.700 3.078 : 1.550 2.516
\IhHes 0.000 0.000 0.000 : 0.000 0.000
Izbaceno uzoraka: %3 76 3% 7 %0
/e 0.000 0.000 0.000 : 0.000 0.000
\[F) e 66.674 66.674  5.197 : 66.674 5.197
INICICH  1.046 1.954 0.063 : 1.954 0.063

e 7.216 9.905 0.570 : 9.905 0.570

Broj uzoraka: JEEYE 92 92 83




Lemna minor L. - PCA

Naziv kolone: Lem min Lem min - PCA

Broj ulaza: 134 134+1 17+1

Sekcija: All 1,2,3 4,5, 6 1,2,3 4,5, 6

\VEEHH el 3.433 4.020 2.420 3.332 2.610

\rd=ded  0.000 0.000 0.000 0.000 0.000 0.000

Izbaceno uzoraka:

\/Ti5  0.000 0.000 0.000 0.000 0.000 0.000

\EVEl 72.734 72.734 58.742 72.734 72.734 58.742

Average: IEEYY 12.382 6.431 9.517 12.382 6.431

S 14.526 16.945 10.579 14.526 16.945 10.579

Broj uzoraka: 175 92 83 175 92 83

|
|
|
E
%38 %38 %25 ‘ %29 %26 %19
|
|
|
|
|




Ceratophyllum demersum L. - PCA

Naziv kolone: Cer dem | Cer dem - PCA

Broj ulaza: 134 134+1 17 17+1

Sekcija: All 1,2,3 4,5,6 All 1,2,3 4,5, 6

Max greska: JENAS 1.738 3.618 1.562 2.112 2.236

Min greska: [AVLY 0.000 0.001 0.000 0.000 0.016

\e  0.000 0.000 0.000 0.000 0.000 0.000

\Fye 100.00 81.806 100.000 | 100.000 81.806 100.000

INVEEECH 17.326 7.775 28.209 17.326 7.775 28.209

|
|
I
Izbaéeno uzoraka: [ERCEE; %33 %55 | %51 %32 %53
|
I
e 19.928 14.069 20.103 | 19.928 14.069 20.103

Broj uzoraka: [EYE 92 83 | 175 92 83
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Odsek za primenjene racunarske nauke i informatiku
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