


Modelovanie znecistenia prostredia pre potreby
energetického priemyslu

o Spolupraca s VUJE a.s., data SHMU

o Projekty: najskor Stadia realizovatel'nosti,
neskor ARIEN APVV-20-0548, VEGA
Hluchy 2/0125/20.




Rizika v energetike

Posobenim prachu a spadovych Castic na stoziaroch/izolatoroch su oplyvnené elektrické vlastnosti (napt.
merna el. vodivost’, odport, ...).

Vznik s tym suvisiacich rizik — kolisania napatia, napat’ovych preskokov, vybojov, az vzplanutia.

Moznost’ poskodenia vodica, stoziaru, vznik poziaru, materialna skoda, vypadky pradu, ...

Fazy napit’ového preskoku cez izolatorovy zaves

(a) Safety Zone, (b) Forecast Zone, (c) Danger Zone, (d) Flashover

Prevzaté z: Zeng et al. (2020). Experimental Study on High Frequency Pulse Current Variation Characteristics
of Pollution Discharge of Insulators. In IOP Conference Series: Earth and Environmental Science (Vol. 446,
No. 4, p. 0420006). IOP Publishing.




Motivacia a problémy

* Jednotlivé vplyvy musia byt’ zohl'adnené uz pri dizajnovani
elektrickych vysoko-napat’ovych stoziarov
(vhodna volba stupna izolacie I. az IV.)

* ZruSena technicka norma STN 330405

* 1 meranie znecistenia trva 6 tyzdfov — vysoka casova a financna
narocnost’ (nutnost’ dlhej prevadzky vysokého poctu stanic).

Motivacia: Problemy:

o v podet 74
- Snaha o modelovanie miery znecistenia na zaklade inych zz;liz,neor;; y Il)ocoet 22223:20 I
atribttov meranych SHMU  (napr. PM10, PM2.5), ktoré sd Y pocet VPIyvov (pocasic, doprava,
) 1 v , stavebny priemysel, polnohospodarska
I'ahsie meratelné

: v : , cinnost’, ..)
- Potreba modelovania znedistenia pre environmentalne /

ekologické ucely. - Vyrazny stochasticky charakter velicin




Meranie stupnia znecistenia priamo v teréne a pouZzitie r6znych typov
izolatorov

Vynatok zo zrusenej normy STN 33 0405:
3 ZPRACOVANI VYSLEDKU ANALYZ

V kazdém méfeném misté je tfeba ve zhruba dvoumésicnich interva-
lech provést po sob€ 6 az 12 sbéru sedimentac¢nich nddobek.

Z rozboru spadu jednotlivych sbéri se pro urCité mérené misto sta-
novi odpovidajici mnozstvi hodnot:
a) celkové mnozstvi zachyceného spadu prepoéteného na jednotku
plochy za jednotku ¢asu Sv mg.cm™2 a den,
b) mnozstvi rozpustnych litek v sedimentu S, v mg . cm™2 a den,
c) mérnd eil. vodivost 0,2 % roztoku rozpustnych litek y,,v
uS.cm™.

Z takto ziskanych soubori hodnot §, S, a y,, se statisticky pomoci
Weibullova rozloZeni stanovi maximélni hodnoty S, S, a yg; ., které
nebudou v daném misté prekroéeny s pravdépodobnosti 0,5 %. Vsechny
tfi takto ziskané veli¢iny maji pfi hodnoceni vlivu stupné znedisténi na
elektrickou pevnost izolace pfi znecisténi stejnou vdhu a je nutno je uva-
Zovat soucasné. Kritériem je proto jejich souéin.
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Metodologia

Metodologia CRISP — DM

Vychadza z priemyselného
Standardu, s rozsirenim pre
dolovanie v udajoch.




Datovy problém: Opakujtice sa stipce vysledkov 6T merani v teréne

Data za rok 2008: Nadvizujuce data za rok 2009:
. S (2008) . S (2009)
meranie meranie
1 2 3 4 5 1 2 3

1] 0.00532 | 0.01402 | 0.01095 | 0.00768 | 0.00282 1| 0.00224 | 0.01095 | 0.00768
2| 0.01162 | 0.01347 | 0.00447 | 0.00495 | 0.00224 2| 0.00151 | 0.00447 | 0.00495
3] 0.00718 | 0.01113 | 0.01383 | 0.00459 | 0.00340 3] 0.00137 | 0.01383 | 0.00459
4] 0.00590 | 0.01066 | 0.00721 | 0.00301 | 0.00135 4] 0.00130 | 0.00721 | 0.00301
5] 0.00700 | 0.01338 | 0.00877 | 0.00481 | 0.00376 5] 0.00183 | 0.00877 | 0.00481
6| 0.00620 | 0.00570 | 0.00557 | 0.00396 | 0.00294 6| 0.00229 | 0.00557 | 0.00396
7| 0.01002 | 0.01325 | 0.00357 | 0.00606 | 0.00161 7| 0.00230 | 0.00357 | 0.00606
8| 0.00751 | 0.00536 | 0.00588 | 0.00174 | 0.00114 8| 0.00157 | 0.00588 | 0.00174
9[ 0.00845 | 0.00582 | 0.00258 | 0.00235 | 0.00087 9( 0.00194 | 0.00258 | 0.00235
10( 0.01003 | 0.00223 | 0.00318 | 0.00229 | 0.00102 10 0.00079 | 0.00318 | 0.00229
11| 0.01019 | 0.00708 | 0.00558 | 0.00525 | 0.00463 11| 0.00255 | 0.00558 | 0.00525
12| 0.00697 | 0.01101 | 0.00463 | 0.00385 | 0.00130 12| 0.00238 | 0.00463 | 0.00385
13] 0.00780 | 0.01892 | 0.00682 | 0.00418 | 0.00202 13] 0.00256 | 0.00682 | 0.00418
14] 0.01052 | 0.00981 | 0.00558 | 0.00636 | 0.00224 14] 0.00393 | 0.00558 | 0.00636
15| 0.00825 | 0.00808 | 0.00432 | 0.00221 | 0.00111 15| 0.00189 | 0.00432 | 0.00221
16 0.00568 | 0.00880 | 0.00286 | 0.00766 | 0.00069 16( 0.00178 | 0.00286 | 0.00766
17| 0.00336 | 0.01137 | 0.00350 | 0.00364 | 0.00096 17| 0.00186 | 0.00350 | 0.00364
19| 0.00961 | 0.00962 | 0.00297 | 0.00422 | 0.00099 19( 0.00171 | 0.00297 | 0.00422
20| 0.00968 | 0.01279 | 0.00662 | 0.00788 | 0.00825 20| 0.00244 | 0.00662 | 0.00788
21[ 0.01149 | 0.00796 | 0.00452 | 0.00751 | 0.00595 21[ 0.00261 | 0.00452 | 0.00751

Identické vysledky merani v teréne v dvoch po sebe nasledujicich rokoch
(chybny export z databazy pr1 integracii dat)




Problémy v datach z rokov 2014-15

1. Velicina NO2 v roku 2015 dosahovala 2 az 3 nasobné hodnoty oproti roku 2014, pricom simulacie
SHMU pre tieto roky udavali zhruba rovnaké hodnoty NO2:

Obr. 5.5  Priemernd rocna koncentracia NO, (ug.m™), rok 2015.

Obr. 5.5 Priemernd rocna koncentrdacia NO, (ug.m™), rok 2014 na tizemi Slovenskej republiky.

2. Velicina g0.2 v rokoch 2014-15 dosahovala iba 1/9 az 1/10 hodnoty oproti predchadzajiucim rokom:

3. Podobné chyby v datach v roku 2008

Celkovo : vyrazne vysoky pocet chybnych dat, ktoré museli byt” odstranené;
Zostavajucich pocet zaznamov cca 450.




Prvotné experimenty pri modelovani

o Korelacna analyza
o doplnenie vstupnych atributov: Nelinearne transformacie vstupov, suciny vstupov (kombinacie)

° Modelovanie za pouzitia klasifika¢ného (problém extrémne nevyvazeného poctu vzoriek pri vyssich mierach znecistenia) aj

regresného pristupu.

o Modelovanie pouzitim rozlicnych modelov (Gaussian Process, SMO Regression, Random Forest, Linear Regression, Regression
Tree M5P, Multilayer Perceptron, Radial Basis Function Network).

o Pouzitie 40-nasobnej krizovej validacie (pre dosiahnutie stabilnych odhadov presnosti modelu).




o VWyznamnost jednotlivych vstupnych
atributov (vyjadrend absolutnou hodnotou
Pearsonovho koeficientu) pre jednotlivé
cielové atributy.

Pearson Correlation Coefficient

rok 0.1303
gps lat 0.1282 0.1682
gps lon 0.003652 0.005281 0.06603
PM10 0.03656 0.05784
PM25 0.008181
NO2 0.05685 0.022
so2
03 0.0558 0.1621
PM10 PM25 0.009213
PM10 NO2 0.05781
PM10 S02 0.05363 0.06257
PM10 03 0.01555 0.02393 0.05906
PM25 NO2 0.04718 0.04025
PM25 SO2
PM25 03 0.01251
NO2 S02 0.04371
NOZ 03
50203
PM10 SO2NO203 0.01498
LOG PM10 0.04779
EXP PM10 0.0204 0.009963
SQR PM10 0.02594 0.02884
SQRT PM10 0.04222 0.07106
LOG PM25 0.01231 0.03918
EXP PM25 0.04426 0.0193
SQR PM25 0.0511 0.02045
SQRT PM25 0.02385 0.02363
LOG NO2 0.073 0.06735
EXP NO2 0.1552 0.0111
SQR NO2 0.04348
SQRT NO2 0.06257
LOG 02
EXP S02
SQR 802
SQRT 502 0.0679
LOG 03 0.06944 0.1676 0.05394
EXP 03 0.0685 0.07314
SQR 03 0.06739
SQRT 03 0.07208 0.05785
L] Sr go2 Product

0.08

0.06

0.04




o Vyznamnost jednotlivych vstupnych atributov
(vyjadrena absolutnou hodnotou Spearmanovho
koeficientu) pre jednotlivé cielové atributy
stanovené VUJE.

rok

gps lat

gps lon
PM10

PM25

NO2

502

o3

PM10 PM25
PM10 NO2Z
PM10 502
PM10 O3
PM25 NO2
PM25 502
PM25 O3
NO2 502
NO2 03
50203
PM10 SO2NOZ203
LOG PM10
EXP PM10
SQR PM10
SQRT PM10
LOG PM25
EXP PM25
SQR PM25
SQART PM25
LOG NO2
EXP NOZ2
S0QR NO2
SORT NOZ2
LOG 502
EXP 502
S0OR 502
SQORT 502
LOG 03
EXP O3
SQAR 03
SQRT O3

Spearmann Correlation Coefficient

0.1469

0.1478
0.01257
0.04056 0.04278 0.02531 0.002185
0.06487 0.06982 0.06097 0.05996
0.003819 0.04242 0.03529 0.01782
0.06489 0.02708 0.02359 0.03651

0.03915

0.05967

0.001957

0.03563

0.03671

0.02563

0.1369

0.06272 0.02946 0.1509 0.02425
0.04793 0.05625 0.03433 0.04973
0.06345 0.007058 0.002063 0.04494
0.04246 | oosr2s | 0.05094 0.06649
0.007306 0.03151 0.02607 0.02051
0.01142 0.02674 0.01052 0.001296

0.04483

0.01634

0.1163
0.003078

0.02217

0.06477

0.03528

0.1469
0.1469
0.1469

0.1469

0.06272 0.02946

0.06272 0.02946

0.06272 0.02946
=1 Sr

0.01508 0.006846 0.01706 0.01433
0.06487 0.06982 0.06097 0.05996
0.06487 0.06982 0.06097 0.05996
0.06487 0.06982 0.06097 0.05996
0.06487 0.06982 0.06097 0.05996
0.003819 0.04242 0.03529 0.01782
0.003819 0.04242 0.03529 0.01782
0.003819 0.04242 0.03529 0.01782
0.003819 0.04242 0.03529 0.01782
0.06489 0.02708 0.02359 0.03651
0.06489 0.02708 0.02359 0.03651
0.06489 0.02708 0.02359 0.03651
0.06489 0.02708 0.02359 0.03651

0.03915

0.03915

0.03915

0.03915
0.1509
0.1509
0.1509

0.1509

gb2

0.02425

0.02425

0.02425

0.02425

Product

0.12

0.1

0.06

0.04

0.02




o Matica p-hodnot Spearmanovho
korelaéného koeficientu pre jednotlivé
cielové atributy stanovené VUJE.
Konvencne sa za Statisticky vyznamné
povazuju tie hodnoty Spearmanovho
korelaéného koeficientu, pre ktoré je p-
hodnota mensia ako 0.05 -- tie vierohodne
potvrdzuju existenciu neSpecifikovanej
funkcnej zavislosti medzi prislusSnym
vstupnym a cielovym atribdtom.

rok

gps lat

gps lon
PM10

PM25

NO2

502

03

PM10 PM25
PM10 NO2
PM10 SO2
PM10 03
PM25 NO2
PM25 SO2
PM25 03
NO2 S02
NO2 03
S02 03
PM10 SO2NO203
LOG PM10
EXP PM10
SQAR PM10
SQRT PM10
LOG PM25
EXP PM25
SAR PM25
SQRT PM25
LOG NO2Z
EXP NO2
SQAR NO2
SQART NO2
LOG s02
EXP S02
SQAR S02
SQART s02
LOG 03
EXP O3
SQR 03
SQRT 03

0.1283

Spearmann Pvalue

0.05589

0.8715
0.7447

0.8108

0.9776

0.9608

0.4139

0.7615

0.8186

0.9277

0.05095

0.9788

0.3918

0.9251 0.7918
0.8831 0.8924 0.9867
0.9799 0.7754
0.8335
07416
0.9684
0.8462 0.9298 0.6262 0.8537
0.4034 0.3685 0.4324 0.4401
0.4034 0.3685 0.4324 0.4401
0.4034 0.3685 0.4324 0.4401
0.4034 0.3685 0.4324 0.4401

0.9608
0.9608
0.9608

0.9608

0.05745

0.2154 0.05745
0.2154 0.05745
0.2154 0.05745
0.4193
0.4193
0.4193
0.4193
= Sr

0.8186
0.8186
0.8186
0.8186

0.1165
0.1165

g02

Product

04

03

02




/.istenia

(0]

Pouzitie normalizacie / standardizacie dit ma minimalny resp. zanedbatel'ny vplyv na dosiahnutt presnost’
y tesp y Vplyv p

o

Nevhodnost” modelovat’ priamo sucin ciefovych veli¢in (v prip. Pocitanych kvantilov najlepsi model - korelacia iba
0.07)

(0]

Model Radial Basis Function

o CGD vs bez CGD;
o s pouzitim CGD sua takmer vo vsetkych pripadoch lepsie vysledky

(0]

Vyrazna variabilita v dosiahnutych presnostiach; zda sa ze modely odolnejsie voci chybam a menej citlivejsie na pocet

zaznamov davaju lepsie vysledky.

(0]

Vyrazny stochasticky charakter / Sum obsiahnuty v dostupnych datach

(0]

Potreba vyssieho poctu zaznamov pre lepsie generalizovanie zavislosti




° V niektorych pripadoch zavazny vplyv efektu preucenia
o Priliz vysoky pocet parametrov modelu

° resp. nizky pocet datovych zaznamov / vzotiek

° Napr. Pri modeli MultiLayer Perceptron, pri odhade 0.995-kvantilu g02

Maodel: Multilayer Perceptron, 2 hidden layers, max. epochs = 3500

Correlation coefficient 0.3776
Mean absolute error 496.7104
Root mean squared error £639.6246
Relative absolute error 151.7891 %

Root relative squared error  153.4669 %

Model: Multilayer Perceptron, 2 hidden layers, max. epochs = 8500

Correlation coefficient 0.2123
Mean absolute error 574.903
Root mean squared error 802.0972
Relative absolute error 175.6839 %

Root relative squared error  192.4494 %




Doplnenie vstupnych atributov o satelitné atributy

Doplnenie vstupnych atribiatov definovanych zo satelitnych snimkov

Snaha o zohl'adnenie vplyvov z okolia ako napr. stavebna ¢i

pol'nohospodarska ¢innost’, na troven spadu v danej lokalite.
Pocet zaznamov 450 -> 400 (dostupné satelity)

Zadefinovanych rozliénych 180 atributov (funkcie min, max, mean,
q25, 950, q75, aplikované pre casovy aj priestorovy aspekt, kazda v 5
variantoch (abs, abs_dif, dif, norm, ...) ).

Pre roznych 13 frekvencnych kanalov
36 x 5 x 13 = 2340 atributov

Metody pre vyber atributov : FSRE, Relief, Forward selection

Pixel value 1

Pixel values

Time

Table 1. List of used satellite spectral bands including normalized difference indices.

Name Pixel Size ~ Wavelength Description
AOT 10m Aerosol optical thickness
B1 10m 443.9 nm Aerosols
B2 10m 496.6 nm Blue
B3 10m 560.0 nm Green
B4 10m 664.5 nm Red
B6 20m 740.2 nm Red Edge 2
B3 10m 835.1 nm NIR
L1 B10 cir 60 m 1373.5 nm Cirrus
B11 20m 1613.7 nm SWIR 1
NDVI (normalized
difference vegetation 10m NDVI = (B8 — B4)/(B8 + B4)
index)
di; g g'cénvg;':;‘:l;ix) 10m NDWI = (B3 — B8)/(B3 + BS)
NDSI (normalized 20m NDSI =
difference soil index) (B3 — B11)/(B3 + B11)
Moisture index 20m moisture index =

(B8 — B11)/(B8 + B11)




Satellite Attributes

Satellite Attribute Selection

FSRF selection

Relief selection

SHMU Attributes

/TN

Forward Selection

DayOfYear Attribute

Data Normalization

LI
Sy =

model Training

Linear Regression

Gaussian Processes

SMO Regression

40-Fold Cross
Validation

—
’ Regression M5P Tree

W

Random Forest




Porovnanie presnost
natrénovanych modelov
pre ciel'ovu velicinu S —

celkovy spad.

Linear Model Gaussian Process  SMO Regression M5P Tree

Random Forest

Models using attributes SHMU, without Day of Year and without Satellites

Correlation coefficient 0.2195 0.2289 0.2377 0.1921 0.2243
Relative absolute error 0.960381 0.958122 0.838752 0.963788 0.996284
Root relative sq. error 0.975826 0.971225 1.013767 0.983825 1.007389
Models using attributes SHMU and Day of Year, without Satellites
Correlation coefficient 0.3044 0.3228 0.3221 0.3655 0.3810
Relative absolute error 0.953682 0.931039 0.81304 0.873916 0.867675
Root relative sq. error 0.952256 0.944247 0.990007 0.933188 0.960127
Models using attributes SHMU, Satellites (FSRF-TEST 20 attr), without Day of Year
Correlation coefficient 0.3962 0.3962 0.3936 0.4011 0.5015
Relative absolute error 0.929776 0.91984 0.776143 0.913888 0.834525
Root relative sq. error 0.918874 0.916169 0.971942 0.928474 0.863463
Model using attributes SHMU, Satellites (Relief 20 attr), without Day of Year
Correlation coefficient 0.2934 0.3322 0.2697 0.3291 0.3574
Relative absolute error 0.998795 0.958923 0.827651 0.952494 0.930419
Root relative sq. error 0.969389 0.945013 1.009543 0.972802 0.936803
Models using attributes SHMU, Satellites (Forward selection 20 attr), without Day of Year
Correlation coefficient 0.3754 0.3691 0.2771 0.2891 0.4214
Relative absolute error 0.977038 0.942754 0.808266 1.005264 0.851436
Root relative sq. error 0.934184 0.928854 0.999298 1.010215 0.905755
Models using attributes SHMU, Satellites (Forward selection 10 attr), Day of Year
Correlation coefficient 0.4288 0.4475 0.4104 0.4263 0.3976
Relative absolute error 0.948856 0.89844 0.778747 0.922759 0.861133
Root relative sq. error 0.911549 0.892596 0.962801 0.916577 0.921097
Models using attributes SHMU, Satellites (Forward selection 5 attr), Day of Year
Correlation coefficient 0.4635 0.4508 0.4506 0.3769 0.4381
Relative absolute error 0.923401 0.896762 0.762388 0.924544 0.843924
Root relative sq. error 0.886452 0.890677 0.952388 0.948177 0.898847
Models using attributes SHMU, Satellites (FSRF-TEST 10 attr), Day of Year
Correlation coefficient 0.4363 0.4339 0.4242 0.4686 0.5400
Relative absolute error 0.900255 0.892416 0.761173 0.868294 0.806506
Root relative sq. error 0.899348 0.899034 0.956712 0.885832 0.84258
Models using attributes SHMU, Satellites (FSRE-TEST 5 attr), Day of Year
Correlation coefficient 0.3956 0.3884 0.3983 0.4255 0.5183
Relative absolute error 0.925902 0.911766 0.768899 0.885788 0.805674
Root relative sq. error 0.918372 0.919311 0.969704 0.905563 0.853435
Models using attributes SHMU, Satellites (Relief 10 attr), Day of Year
Correlation coefficient 0.4016 0.4063 0.3959 0.4021 0.3987
Relative absolute error 0.934508 0.910194 0.781673 0.908593 0.863821
Root relative sq. error 0.921802 0.913254 0.960806 0.921916 0.916560
Models using attributes SHMU, Satellites (Relief 5 attr), Day of Year
Correlation coefficient 0.3533 0.3364 0.3490 0.3028 0.3347
Relative absolute error 0.922774 0.915231 0.784270 0.912179 0.904339
Root relative sq. error 0.938938 0.941382 0.975032 0.972598 0.956348

Linear model Gaussian process SMO Regression MB5P Tree

Random forest




Linear Model Gaussian Process  SMO Regression MG5P Tree Random Forest

Models using attributes SHMU, without Day of Year, and without Satellites

Correlation coefficient 0.2302 0.1822 0.1934 0.2314 0.1898
Relative absolute error 0.961795 0.974067 0.855066 0.960243 1.006067
Root relative sq. error 0.971534 0.981626 1.014425 0.971155 1.016997

Models using attributes SHMU, Day of Year without Satellites

Correlation coefficient 0.2582 0.2236 0.2305 0.2053 0.2643
Relative absolute error 0.952205 0.962065 0.857284 0.962442 0.913962
Root relative sq. error 0.964646 0.973101 1.006680 0.988054 1.005748

Models using attributes SHMU, Satellites (FSRE-TEST 20 attr) without Day of Year

. o Correlation coefficient 0.1428 0.1786 0.1742 0.065 0.3264
PO rovnanle r e S no S tl Relative absolute error 0.991643 0.970063 0.859727 1.034066 0.920992
Root relative sq. error 0.998483 0.984765 1.012168 1.097823 0.945923

/ / I d 1 Models using attributes SHMU, Satellites (Relief 20 attr) without Day of Year

n atr e n Ovanyc m O e O V Correlation coefficient 0.0927 0.0648 0.1264 0.0789 0.1826
Relative absolute error 1.016839 1.016156 0.877836 1.064591 0.967896
: 1) ’ h S Root relative sq. error 1.014047 1.007755 1.023097 1.049356 1.005119

pre Cle Ovu Ve Clnu r Models using attributes SHMU, Satellites (Forward selection 20 attr) without Day of Year
Correlation coefficient 0.1883 0.1210 0.233 0.1469 0.1377

A% / h
t \V/ Relative absolut 1.005077 0.986239 0.835902 1.031335 0.953701
mno Z S O ro Zpu S tnyc oot relafive 8q, orror 0.995576 1.000356 0.992946 1.015140 1.007062

Root relative sq. error

Models using attributes SHMU, Satellites (Forward selection 10 attr), Day of Year

/
lato k ° Correlation coefficient 0.2398 0.3101 0.3535 0.1445 0.2839

Relative absolute error 1.022736 0.948921 0.815373 1.054828 0.870082
Root relative sq. error 0.995421 0.951980 0.966335 1.135082 0.961922
Models using attributes SHMU, Satellites (Forward selection 15 attr), Day of Year

Correlation coefficient 0.2611 0.3029 0.3283 0.2056 0.2714

Relative absolute error 1.007581 0.959974 0.805193 0.998895 0.878738

Root relative sq. error 0.982944 0.955482 0.972581 1.021172 0.962601
Models using attributes SHMU, Satellites (FSRF-TEST 10 attr), Day of Year

Correlation coefficient 0.2888 0.323 0.3305 0.3005 0.3698

Relative absolute error 0.947149 0.919711 0.804691 0.937511 0.866946

Root relative sq. error 0.964184 0.945773 0.969808 0.960605 0.928711
Models using attributes SHMU, Satellites (FSRF-TEST 5 attr), Day of Year

Correlation coefficient 0.3299 0.3438 0.36 0.3284 0.3999

Relative absolute error 0.936913 0.913589 0.793238 0.938661 0.866407

Root relative sq. error 0.945296 0.937339 0.965524 0.945354 0.921331

Models using attributes SHMU, Satellites (Relief 10 attr), Day of Year
Correlation coefficient 0.2194 0.2357 0.2848 0.2272 0.3102
Relative absolute error 0.964405 0.956218 0.846194 0.963997 0.869070

Root relative sq. error 0.986047 0.975347 0.987452 0.988660 0.949752




Porovnanie presnostt
natrénovanych
modelov pre cielova
velicinu g02 — merna el.
vodivost’.

Linear Model Gaussian Process SMO Regression MS5P Tree

Random Forest

Models using attributes SHMU, without Day of Year, and without Satellites

Correlation coefficient —0.0888 0.006 —0.0239 0.076 0.1191
Relative absolute error 1.013206 1.011356 0.996436 1.000262 1.041810
Root relative sq. error 1.014285 1.005392 1.018875 1.000869 1.044912
Models using attributes SHMU, Day of Year without Satellites
Correlation coefficient 04113 0.4373 0.4342 0.6206 0.6339
Relative absolute error 0.903762 0.894292 0.886614 0.755594 0.756144
Root relative sq. error 0.911274 0.897203 0.905929 0.782397 0.778181
Modeling using attributes SHMU, Satellites (FSRF-TEST 20 attr), without Day of Year
Correlation coefficient 0.4195 0.4314 0.405 0.3931 0.4062
Relative absolute error 0.904127 0.892004 0.914068 0.91234 0.910343
Root relative sq. error 0.908831 0.899933 0.919583 0.925257 0.924097
Models using attributes SHMU, Satellites (Relief 20 attr), without Day of Year
Correlation coefficient 0.4135 0.3942 0.3798 0.3853 0.4601
Relative absolute error 0.903282 0.905045 0.910703 0.912017 0.881088
Root relative sq. error 0.912632 0.918536 0.935326 0.929368 0.889698
Models using attributes SHMU, Satellites (Forward selection 20 attr), without Day of Year
Correlation coefficient 0.3155 0.3276 0.3257 0.3426 0.4708
Relative absolute error 0.942383 0.931576 0.946136 0.910879 0.873131
Root relative sq. error 0.953646 0.946278 0.955216 0.951316 0.883867
Models using attributes SHMU, Satellites (Manual selection 3 attr), Day of Year
Correlation coefficient 0.5163 0.5245 0.5092 0.6275 0.6004
Relative absolute error 0.855031 0.848659 0.849584 0.76101 0.78007
Root relative sq. error 0.855314 0.849386 0.863360 0.77716 0.800759
Models using attributes SHMU, Satellites (Forward selection 5 attr), Day of Year
Correlation coefficient 0.5562 0.5565 0.5305 0.6058 0.6434
Relative absolute error 0.827117 0.82688 0.835880 0.788339 0.761934
Root relative sq. error 0.830543 0.829219 0.852279 0.795252 0.764349
Models using attributes SHMU, Satellites (FSRF-TEST 5 attr), Day of Year
Correlation coefficient 0.5635 0.5661 0.5354 0.5608 0.626
Relative absolute error 0.822849 0.82399 0.850483 0.825195 0.762599
Root relative sq. error 0.825459 0.822494 0.849352 0.830468 0.779014
Models using attributes SHMU, Satellites (Relief 5 attr), Day of Year

Correlation coefficient 0.4891 0.5099 0.4858 0.5494 0.6368
Relative absolute error 0.87403 0.861349 0.869334 0.822957 0.759978
Root relative sq. error 0.872218 0.858429 0.881012 0.837942 0.769692

Linear model Gaussian process ~ SMO Regression M5P Tree

Random forest




Statistické testovanie spresnenia modelov

Neparametricky permutacny test

Trénovanie a validacia opakované 30-krat,
pre rozlicné hodnoty Seedu modelu RF

Xa a XB reprezentuju presnost’ modelov
(Pearson Correlation)

Test statistic: absolute difference of mean values (abs (mean (X ) — mean (Xg),

Number of permutations in the statistical test = 1,000,000;
Significance level alpha = 0.05;

Null hypothesis: X and Xg have the same mean value;

Alternative hypothesis: X5 and Xg do not have the same mean value.

Target attribute S:

Used attributes for X Used attributes for Xg p-value

SHMU SHMU + Day of Year 0.000238

SHMU SHMU + Satellites 0.000179

SHMU + Day of Year SHMU + Day of Year + Satellites 0.000617

SHMU + Satellites SHMU + Day of Year + Satellites 0.000698

Target Attribute Sr:

Used attributes for X Used attributes for Xg p-value

SHMU SHMU + Day of Year 0.000297

SHMU SHMU + Satellites 0.000119

SHMU + Day of Year SHMU + Day of Year + Satellites 0.000917

SHMU + Satellites SHMU + Day of Year + Satellites 0.002740
Target Attribute g02:

Used attributes for Xa Used attributes for Xg p-value

SHMU SHMU + Day of Year 0.000249

SHMU SHMU + Satellites 0.000314

SHMU + Day of Year SHMU + Day of Year + Satellites 0.012501

SHMU + Satellites SHMU + Day of Year + Satellites 0.006714
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Z.aver

Uloha sa ukazuje aj nad’alej ako vePmi problematick4, vzhladom na nizky pocet dostupnych merani, vjrazny stochasticky

charakter a vela externych vplyvov.

Pridanim atributov vypocitanych zo satelitnych snimok sa podarilo zvysit’ presnost’ regresnych modelov a to pre vsetky 3
cielové veliciny.

Miera zvySenia presnosti (po pridani satelitnych atributov) sa v pripade vSetkych 3 cielovych veli¢in sa ukazala ako Statisticky

vyznamna pri pouziti permuta¢ného testu, testovacia statistika : absolutny rozdiel strednych hodnot [2].

Podarilo sa identifikovat’ Statistické rozdelenie intenzity znecistenia PM10 a PM2.5, potvrdit’, Ze sa jedna o Weibullove

rozdelenie pravdepodobnosti a urcit’ jeho parametre.

Odpublikované 3 clanky [1-3], praca na d’alSom aktualne prebieha, 1 preruseny (Specificka téma, len okrajovo suvisi s

informatikou), pripravované d’alsie experimenty..

Aj napriek zvyseniu presnostt modelov, nie je ich presnost’ dostatocna na ich aplikovanie do praxe (celkova miera urcujica

stupenl znecistenia je dana 3 ciefovymi velicinami).




Moznosti d’alSieho smerovania vyskumu

Aj napriek doterajSej relativne nizkej presnosti modelov, verime Zze dodatocné vysoko-relevantné vstupy umoznia
vyrazné zvysenie presnosti modelow.

o Zdroje znecist ovatel'ov (podniky — ich pozicia, intenzita a typ znecistenia) (nedostatocne podrobné, kratke obdobie)
o Udaje o doprave (nedostatoéne podrobné)

o Merané zvukové/ultrazvukové zaznamy a pridruzené merania (relativna vlhkost’, PM100, ...); (dostupné len od 2022 — kratke
obdobie)

o Udaje z tzv. mokrej depozicie (merané udaje o znecisteni len pocas zrazok samostatne) (oCakava sa dodanie)

o Urovne znedistenia NO2, O3, SO2, PM10, PM2.5, CO na dennej / hodinovej baze, od SHMU (aktualne uz dostupné za cca 10
rokov)

o Radarové snimky z okolia danych lokalit (dostupné, publikacia sa pripravuje)
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