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Modelovani, simulace a analyza dat v energetice

Predikce dodavky a spotreby
Dynamickeé modely zarizeni (EMT)
Obchodovani a fizeni rizik
Navrh fidicich systému
Prediktivni udrzba

L Modelovani Analyza
Analyza pripojeni Simulace dat
Big Data a Al

Modelovani poruch
Techno-ekonomicke analyzy
Digitalni dvojCe
Prediktivni analyza zakazniku
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Modelovani, simulace a analyza dat v energetice

BN

Modelovani Analyza
Simulace dat
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Modelovani a simulace systému

Elektricka zarizeni

Ridici systémy
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Modelovani a simulace systému
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Modelovani a simulace systému: Pristupy k modelovani

Pro rizné situace jsou vhodné ruzné pfristupy

Fyzikalni vztahy Nameérena data
< ~white-box“ model ~-grey-box“ model
Modelovani rovnic Ladéni neznamych Identifikace
tro sousta
/ Fyzikalni sité parametrt “‘ Y
L%:Vin—Rl—Kw ]Ccll—(;)zKI—f(w)—TL \

| R Measuréd A1 IR, ¥E
- Model T

‘ L 2 =
.1‘ 1A) [ K “
in ™
NN Data Driven
/ = e o Model
- In1 Out1

e
i

;



P
B P

£ HUMUSOFT

Modelovani, simulace a implementace algoritmu

Ridici systémy

Logicke a rozhodovaci systemy

« Zpracovani signalu a komunikace

« /Zpracovani obrazu a pocitacoveé videni

a dalsi ...

Spolecna simulace soustav a algoritmu

Generovani kodu pro cilove platformy
— C/C++, HDL, PLC (strukturovany text), CUDA

— simulace a testovani v realnem Case, produkce




P
B P

£ HUMUSOFT

Modelovani ,power” systemu

« Muze to byt:
— konkrétni 3f elektrické zarizeni
— lokalni mikrosit

— ale také elektrické vozidlo

* Obecne se jedna o elektricky system, ktery obsahuje zdroj, distribuci a zateze
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Simscape Electrical

» Fyzikalni modelovani
— topologie elektrickeho systemu reprezentovana schématickym : i)
L . . —
* Elektricke a elektro-mechanicke systemy =
— vykonova elektronika, energetika, elektrické pohony, ... (—l
— prvky s rdznou drovni detailu (volime dle pozadavku Ulohy)  les -
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Modely 1f prvku v Simscape Electrical

@{@}j> =, W?

polovodiCcove motory, op. zesilovace, senzor pasivni
prvky akeni prvky logicka hradla y soudastky
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Modely 3f prvku v Simscape Electrical

@ |

tfifazove t ‘ ¢
motory ransformatory

meénice,
stridace

BEDS o1F
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Squirrel Cage Zigzag-Deltal Wye-Delta1 Delta11-Deltal1 Inverter Ret
-Wye -Wye -Wye .

o/ /N b

/7N Time G b Todeq b e
AL e~ /) \ Based I 0 |
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Modely prvku v Simscape Electrical

+ moznost vytvoreni vliastnich prvku
pomoci jazyka Simscape Language

- O X

@cb {lelca@'
A

cccccccccccc

=

@

¥ + -
= o a
=|

equations
v == 1*r 4+ wvC;
1 == ¢*vc.der + g*ve;

Custom

Capacitor end

viERE

Simscape model file Ln 16 Col 5
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1f vs. 3f systémy v Simscape: Jak je poznat?

Ukazky
1f

AC Current
Source

3f

Current
Source
{Three-Phase)

Zdroje

AC Voitaga Resistor
Source
4
Electrical
Reference
— - n-1 ]
ioltage RLC (Three-Phase)
Source
{Three-Phase)

Groundad
Neutral
{Three-Phase)

Prvky

s

Capacitor

=

Transmission Line

Wiye-Connectad Load

-1 -2

a1l 92

Transmission Line
{Three-Phase)

L asar

Inductor

PMSM [(Single-Phase)

Delta-Connected Load

iR Ch

PRASHM

(o

Current Sensor

_2|

Current Sensor
{Three-Phase)
Fat Fat
P Q

Power Sensor
{Three-Phase)

&
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Méreni

“oltage Sensor
=
T
I
Line Voltage Sensor
(Three-Phase)
=
k)
T
Phase Voltage Sensor
[Three-Phase)
> i)
o u
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Sdruzené vs. oddélené spojnice 3f prvku

« 3f model se sdruzenymi spojnicemi (Composite)

fixj=0 p n ~ - -2
Vaoltage ELC (Three-Phase)
L Source

{Three-Phase)

« 3f model s oddelenymi spojnicemi (Expanded)

samostatny 1f prvek

fix)=0 p L —- + AN
: - h/ = umozni modelovat
AAAA: Phase Splitter .

Voltage nesymetrickou zatez, apod.

= Source .
(Three-Phase) Resistord

&
*&?
J

]

14
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Simscape Electrical: Simscape vs. SPS

» Bloky zalozené na technologii Simscape

e
woltlage_ssc D

v
flx) = 0 = - - -1 |
l -2 -1

oltage
Source o ‘ e — { — y
{Three-Phase) RLC {Three-Fhase) o XD o EEE 002 205 —_

nnnnn

¥

ED Scope?
voltage_sps
100 — P - —
. ™ / /T AN
. s X X
Continuous voltage_sps /N / 7N\
v ; \ VAR
g A / N\

current_sps

Three-Phasza Source Three-Phase i 3/ N\, \ /
/ N . yd N
Series RLC Branch aof~—" e L b

i }—J
\\\
)
.“‘://," N B
/'\\1
B \
yd
N
A
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Ukazkovy priklad: Mikrosit

« Mikrosit je sloZzena z nékolika propojenych prvku
— dva synchronni generatory o vykonu 5 MVA
— solarni panel

— soubor zatézi: primyslova a rezidencni oblast , -
generatory solarni panel

- Ridici systémy

— droop control ‘_|_§§\
— MPPT KK X%
ﬁ spinac
hlavni sit ’ @

zatéze

16
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Uroven detailu

* Prvky muzeme modelovat na ruzné urovni detailu

— napriklad jako model generatoru muzeme vyuzit:

[+ E si o> qfd+ pu >

e fd-

eR

alC ne na

e
Voltage Simplified Synchronous Machine
Source Synchronous Machine Salient Pole

(Three-Phase)

&

£ THUMUSOFT

FEM-Parameterized
Synchronous Machine

* Modely maji odliSnou sadu parametru a zachycuji odliSné dynamickeé jevy

« Je dobrée volit pfimérenou uroven
— dle potreby zadani a cilu simulacniho modelu

— detalil vs. rychlost simulace
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Model synchronniho generatoru v otevrene smycce

» Elektrické prvky
— Synchronous Machine Salient Pole
— Synchronous Machine Field Circuit
— Wye-Connected Load

* Mechanické prvky
— Machine Inertia
— Ideal Angular Velocity Source

* Mereni

— Synchronous Machine Measurement

&

£ THUMUSOFT

OEE lER| e

vy 2 E

nnnnnnnnnnnnnnnnn

Jopadsut Apadold ()|

W Real Power (pu)

Odporova zatéz 2 MW ~ vykon generatoru 0.4 pu
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Simulation Data Inspector
 Graficky nastroj pro prohlizeni vysledku simulace
o ZObrazenl’ IogovanyCh S|gné|0 <\ Simulation Data Inspector - AircraftExample.midatx - | x
Q@ LY
s 3 gy E Inspect Compare m g, radisec m g, radisec

LLLLL ry Log ic —
Filter Signals
MAME LINE

Run 1: slexAircraftExampl

g, radisec

EEEEEEEEEEEEE

o alpha, rad
Stick

~ Run 2: slexAircraftExamp

— pfizpusobeni vzhledu a rozlozeni oken = B s 5

— ruzné typy grafu

~ Run 3: slexAircraftExamp
q, radisec

alpha, rad

— zobrazeni hodnot v ¢ase

P HhFDR +

Stick

0.5 r_‘ r_‘ ﬁ m r
~ Run 4: slexAircraftExamp

— export prabéhl do workspace/soubord P — k L L L -

054

—_— automatické porovnénl’ prlj béhlj Properties 0 10 20 20 40 50 80

« Umozni porovnani prubéhu z vice po sobé jdoucich simulaci
19



Model synchronniho generatoru s rizenim

Vyrovnana spotreba a dodavka energie

— Pcen = PLoap

— Qcen = QLoap

* Dve ridici smycCky

— Fidici systém pro regulaci otacek

— fidici systém pro regulaci budiciho napéti
* Mechanicky hnaci prvek

— ldeal Torque Source

Simulace promenneé zateze
— Wye-Connected Variable Load (lagging)

20
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— O
SIMULATION DEBUG MODELING FORMAT 3 | B oo 8. [2] (v)
[ Open ~ ]} Stop Time |10 E
< O ae e I %
w v Library jhloml ! Step Run Step Data
+ = Print - Browser H@ Fast Restart Back ~ - Forward Inspector
FILE LIBRARY PREPARE SIMULATE REVIEW RESUL..
‘§ model_Genemtor_rizeni_03 ez bl
(=}
& (] modeI_Generator_rizeni_03 » - 3,
1 T ;
a L™ :
a n
- Tt
=
Wye-Connect: ed
Variable Load
{=gging)
0 pu > Efd fik+ fd
pu
eeeeeeeeeeee tfd_ - fd
fx) =0 |r ; T R
n
i‘J, l} =~ —C
(A [ H ] L
% | GonstantActve Pawer Lo ad
S J
1
ququququququ A
CCCCCC
n
1
IE_EI Constant Reactive Power Load )
pd
Ready 100% VariableStepAuto
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Rizeni generatoru: Isochronni fizeni

* Chovani systemu
— pfi narustu zatizeni ma generator tendenci zpomalit

— Fidici systém zvysi toCivy moment hnaciho stroje, aby otacky zustaly na zadané hodnoté

« = otaCky generatoru (a tim frekvence) zustavaji konstantni bez ohledu na zatizeni

Pgen = Proad

fOpemtin.g = fRe}'

Frequency (Hz)

Power (MW)

,, * Obdobne Ize ridit budici napéti pro dosazeni konstantniho vystupniho napéti
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Rizeni generatoru: Isochronni rizeni

* Nevyhoda isochronniho fizeni

— pfi spojeni dvou (a nebo vice) zdroju neni jasné dano rozdéleni vykonu
« Oba zdroje musi pracovat na stejné frekvenci
* To Ize ale dosahnout pro libovolné nastaveni vystupniho vykonu

Generator 1 Generator 2

— 50 MW + 50 MW — 100 MW . © o s ® °
— 30 MW + 70 MW = 100 MW ’ 5

90 50 30 10 50 70
P1 (MW) P2 (MW)

* VCetné nechtenych kombinaci : 120 MW a -20 MW = 100 MW

22
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Rizeni generatoru: Metoda Droop Control

» Definuje drobny pokles frekvence pro rostouci hodnotu vykonu P generatoru
« Oba zdroje musi pracovat na stejné frekvenci

« = EXxistuje jediny bod, kde je podminka splnéna

20 80
P1 (MW) P2 (MW)

* Obdobne definuje pokles vystupniho napéti pro rostouci hodnotu vykonu Q

23
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Model se dveéma generatory

» Generator vCetne rizeni jako subsystem

— zkopirovani a pripojeni druhého generatoru e ———

MODELING FORMAT s
- r r
— stejny vykon (5 MVA) Jh Do - | gw stop T 4 @ b
N E Save - . ¥ ||| Normal = ] Data
ew Library Step Run Step
s , - Ié Print - Browser o@ Fast Restart Back = - Forward Inspectar
) M t d L D C t I FILE LIBRARY PREPARE SIMULATE REVIEW RESUL.. a
e O a rI Ze n I L] rOO On rO 5 |4 PowerSystemsSimulationOnm mp_4_11 sz z
E ® PowerSystemsSimulationOnramp_4_11 » - g
L4 ] =
— generator 1: droopP1, droopQ1 fla i
] I > >P r s
J 4
— generator 2: droopP2, droopQ?2 L T \H—J
Wye-Connected =
| Variable Load
Conn ~1 = (lagging)
Power Measuremen ts
Generator1
| 1
Conn q fix)=0 Constant Reactive Power Load =
Genera tor2
n
[E_EI Constant Active Power Load -
» || &
125% VariableStepAuto

24
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Fotovoltaicky Clanek

\Y o
- Blok Solar Cell )
— zdroj stejnosmerneho proudu Solar Cell \\

— velikost osvitu dana vstupnim signalem
« Rizeni vykonu pomoci DC-DC ménice |

— vyuziva algoritmus MPPT

|y _©
e

I &
Q="
A
Ic |
Y

Panel Power
IR LR |
Panel Power

Panel Voltage

Panel Voltage

« K siti prfipojen pres DC-AC menic

25



26

Zapojeni do mikrosite

* Propojeni prvku do spole€ného modelu

« Simulace udalosti na urovni systému
— odpojeni jednoho ze zdroju

— dodavku prevezmou zbyvajici zdroje

sssss

zzzzz

<<<<<

"+ model Mikrosit_02 - Simulink

&

£ THUMUSOFT

SIMULATION MODELING FORMAT
[ Open ~ E Stop Time | 24 )
=) g E _q @ » %
, B saee loray (Nermd =) G mn s Date
@ Print Browser ogd Fast Restart Back = o orward Inspector
FILE LIBRARY PREPARE SIMULATE REVIEW RESUL...
g model_Mikrosit_02 = h)
g
2 | @ |[Palmodel Mikrosit 02 » - g
] I "o r
=+ s} n
C —
Wye-Connect ed -
B\ ol Y | Veriblelosd
(lagging)
O
] ~2
‘Generator 1
aaaaaaaaaaaaaa
|— L
H nj
- -1 :
Constant Active Power Load :
Generatol r2
1
Constant Reactiva Power Load )
@ Solar Ideal DC to AC
>
Ready 100% auto(VariableStepDiscrete)
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Dalsi moznosti modelovani

* Model se soustredi na elektrickou Cast systemu
« Dale bychom mohli vytvorit detailngjsi popis mechanické Casti generatoru

— napriklad model termodynamického cyklu, zachytit tepelné jevy, apod.

puj

-

Synchronous Machine

—\ g Salient Pole

T S = = =

| A Tfl ‘ -
Rehealer _ )

A
Low-Pressure
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10 nastroju pro efektivni nastaveni modelu a rychlejsi simulaci

Variable Viewer Statistics Viewer

Variable Scaling
Analyzer

Multiple Simulations Fast Restart

mmmmmmmmmmm ye——
e Bl e Retean | e i, s demo,_suspr_ol » FORMAT APPS
n Dasign study =5 = - B
o ad Stop Time | 10.0 ()
: s oo (0] @1 @
= - [||N | b
= | orms | Step Run
B = Ogd Fast Restart Back ~ -
RE SIMULATE

n

Solver Profiler Simulink Profiler

Performance Advisor Accelerator Mode Phasor Mode
= -y
oo rose + (@) [Bl) "2 FORMAT APPS,
w"g,:m::,mmw,mw -:j‘ - zs;n : m:; vE 'Stop Time 4& @
‘‘‘‘‘‘‘‘‘‘‘‘ [ BRE 0000 o 20 Normal =
£60 Sensor () 0419 1000006, i Step Run _
e Q) R - Normal Back + - B
- 0 e = RE [ Accelerator | smuLate
= Rapid Accelerator
o =t
c— 0
o

28

https://www.mathworks.com/videos/series/simscape-electrical-modeling-practices-for-fast-simulation.html



https://www.mathworks.com/videos/series/simscape-electrical-modeling-practices-for-fast-simulation.html
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Dalsi typické ulohy a priklady

Microgrid Resynchronization with Main Grid

Microgrid Planned Islanding from Main Grid
IEEE 9-Bus Loadflow
IEEE 39-Bus System

29 https://www.mathworks.com/help/sps/examples.html?cateqory=power-qrids-renewable-enerqy-enerqy-storage



https://www.mathworks.com/help/sps/ug/microgrid-resynchronization.html
https://www.mathworks.com/help/sps/ug/microgrid-planned-island.html
https://www.mathworks.com/help/sps/ug/ieee-9-bus-loadflow.html
https://www.mathworks.com/help/sps/ug/ieee-39-bus-system.html
https://www.mathworks.com/help/sps/examples.html?category=power-grids-renewable-energy-energy-storage
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Uzivatelska reference

« OMRON Develops Solar Inverter Control Algorithm for Anti-Islanding Control

¢ 7

.‘
=
\
~—]
—~—
~
—y
Ny
N
.‘
]
'
f

30 https://www.mathworks.com/company/user stories/omron-develops-solar-inverter-control-algorithm-for-anti-islanding-control.html



https://www.mathworks.com/company/user_stories/omron-develops-solar-inverter-control-algorithm-for-anti-islanding-control.html
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Uzivatelska reference

« Sandia National Laboratories Simulates Hawaii Microgrid and Photovoltaic
Systems

31 https://www.mathworks.com/company/user stories/sandia-national-laboratories-simulates-hawaii-microgrid-and-photovoltaic-systems.html



https://www.mathworks.com/company/user_stories/sandia-national-laboratories-simulates-hawaii-microgrid-and-photovoltaic-systems.html
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Analyza dat

Prediktivni analytika

Techno-ekonomicka analyza

&
£ THUMUSOFT
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Pracovni postup pri analyze dat

Pfistup a prizkum dat

Soubory

Databaze

=

Senzory
Sy S

i 4§
%‘a

- %

Uprava dat

Prace se
surovymi daty

£

Redukce dat /
transformace

Vyvoj prediktivnich

modelu

Tvorba modelu, napf.

Machine Learning
A

Extrakce
pfiznaku

¢

Optimalizace
parametru

S

N

Validace
modelu

Skalovani

Modely a architektury
pro rozsahla data

&
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Integrace

Aplikace pro PC

Nasazeni na
podnikové systémy
Java |

MATLAB
C/C++

Python

Vestavéna zarizeni
a hardware

S, [
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Predpovidani v energetice

Predikce zatizeni

— zlepsit provozovani systému, planovani a ucast
na trhu

Predikce vétru

— pochopeni nejistot a rizik pro provoz systéemu,
planovani a ucast na trhu

Predikce slune¢niho osvitu

— pochopeni nejistot a rizik pro provoz systemu,
planovani a ucast na trhu

Predikce cen

— zlepsSeni ucasti na trhu a financniho zajisténi

&

£ THUMUSOFT

Kdo predpoveédi
potrebuje?

vyroba
prenos
distribuce
maloobchod s elektrinou
obchodnici s energiemi

velci spotrebitelé elektriny
(mimo energeticky primysl)
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Ukazka: Studie prognozy budouciho zatizeni

1600 Raw Data for DUNWOD Region

1400

 Motivace

1200

_1000

— planovani mnozstvi elektriny, kterou budou elektrarny
muset vyrobit

Load [MW)

400

— vhled do nadchazejici dynamiky trhu

200

= v V4 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
* Reseni

Date

— pfistup k historickym datum o zatizeni a pocasi

— CiSténi a uprava dat e I
— slouceni dat z vice zdroju

— modelovani Casovych fad pro extrakci dulezitych
prediktoru

— trénovani modelu strojoveho uceni pro predikci
budouciho zatizeni

35
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Krok 1: Pristup k historickym datum zatizeni a pocCasi

EZ

4
»

Ed

Ly

&4 Import - CAMATLAB\StormEvents_Mass2015.csv — O X

IMPORT VIEW

O D

Range: @ BABTT2 +
comma v EH Table [ Exclude rows with ¥ Blank cells - -+

Variable Names Row: 1

" FixedWdth ) peimter Options 7| ‘@mm ~ }
DELIMITERS | SELECTION IMPORTED DATA UNIMPORTABLE CELLS

Column delimiters: Output Type: [ Replace ¥ unimportable cells with ¥ NaN -+ I
v

I&

Import Data '

| StormEvents_Mass2015.csv

o P Q R S T U v w X Y z
StormEventsMass2015

Generate Script o

Generate Function

r month_name event_type cz_type cz_fips cz_name wfo end_date_ti... cz_ti injuries_dir... injuries_indi... deaths_dire... deaths_indi... damage_pr... dama

1 ® w Categorical Categorical ¥ Categorical ¥ Number v Categorical v Categorical vDatetime  ~MNumber ¥ Number ¥ Number ¥ Number » Number  Number * Numbe
H ® 1 month_na.. |event_type |cz_type cz_fips cz_name wfo end_date_ti... |cz_timezone |injuries_dir... |injuries_ind...|deaths_direct|deaths_indi...|damage_pr... |dama A

W 2 January Winter Wea...|Z 1 NORTHER... |ALY 04-Jan-201... |EST-5 0 0 0 0

: ® 3 January High Wind |Z 10 EASTERN H...|BOX 05-Jan-201... |EST-5 0 0 0 0 0.00K 0.00K

4 January Strong Wind |Z 12 SOUTHERN...|BOX 05-Jan-201... [EST-5 0 0 0 0 7.50K 0.00K

5 January Strong Wind |Z 8 WESTERN ... [BOX 05-Jan-201... |EST-5 0 0 0 0 5.00K 0.00K

6 January High Wind |Z 16 EASTERN N...|BOX 05-Jan-201... [EST-5 0 0 0 0 2.00K 0.00K

7 January Strong Wind |Z 13 WESTERN ... |BOX 05-Jan-201... |EST-5 0 0 0 0 15.00K 0.00K

3 8 January Strong Wind |Z 5 WESTERN ... [BOX 05-Jan-201... |EST-5 0 0 0 0 20.00K 0.00K

% 9 January Strong Wind |Z 19 EASTERN P... |BOX 05-Jan-201... |EST-5 0 0 0 0 15.00K 0.00K

T =] : 10 January Strong Wind |Z 17 NORTHER... |BOX 05-Jan-201... [EST-5 0 0 0 0 12.50K 0.00K

m @@@ 11 January Strong Wind |Z 14 SOUTHEAS... |BOX 05-Jan-201... [EST-5 0 0 0 0 2.00K 0.00K
MysaLt BN . B BT

< >

amazon
" webservices™

gl Microsoft
Wl Azure
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Krok 1: Pristup k historickym datum zatizeni a pocasi

* Vyuzivejte datovy typ, ktery je pro danou ulohu nejvhodnejsi
e table

— tabularni data smiseného typu

data(timerange("01-Jan-2017","17-Mar-2017"),:)

begin_timestamp state event_type event_narrative damage_total
fI H b . I 7 x d 4 4 . d 1 21-Jan-2017 13:02:00 GEORGIA Thunderstorm... |"a tree was blown d... 0
- eXI I n I I n exova n I y Orga n Iza Ce at 2 21-Jan-2017 05:14:00 ALABAMA Tornado "the tornado first tou... 750
3 05-Jan-2017 04:00:00 OHIO Winter Weather | "the county garage ... 0

[ ",

° -t -t b 1 4 05-Mar-2017 18:00:00 OREGON | Snow there were reports .. 0
1 m e a e 5 04-Feb-2017 12:15:00 WYOMING Wind "the wydot sensor a... 0
, , - , . - . 6 08-Feb-2017 08:00:00 | INDIANA Winter Weather | "the observers locat... 0
— tabu Iarn| da‘ta S Casovym| ZnaCkam| 7 18-Jan-2017 18:00:00 CALIFORNIA |Winter Weather | “a spotter in moonri... 0
8 07-Feb-2017 07:00:00 CALIFORNIA |Flood "major flooding from... 0
H z H -4 -4 Z 9 13-Jan-2017 15:00:00 KANSAS Ice Storm "ice accretion was 3... 0
— indexovani podle ¢asu, casoveho rozsahu e v R

— zmény rozlozeni ¢asu, synchronizace ~5

joinedData| = Combine locdata and wsdata using join

 datetime D e @
— reprezentace daného casoveho okamziku Y, = ) -+
e categorical 222 .

~ Display results

— diskrétni necCiselna data
37
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Kro k 2 : U p rava d at 1600 . . Nur}'lber ?fﬂlle:d mis:'-‘.ing e.ntriesl: 25

| . Eill?;dn?ndis:i?rgag entries
1400 F
e Cisténi 1200 | R M
- , . . 1000 | : :
— pfipravené funkce (filloutliers, smoothdata, ...) - Numperofoutiers cleaned: 1922
300 900 Input data b

Cleaned data

— Tasky v prostredi Live Editor < outlers ||

600 80O *  Filled outliers
PREPRESSMDM 4 R BA A = e mn fm ha | A & l.m R.’l H K‘I I |

Clean Missing Clean Qutlier Compute by Find and Find Change Find Local Mormalize Preprocess 2‘}“ 600
Data Data Group Remove Tre... Points Extrema Data Text Data 800 | |I'I|:IL.I‘t data |
Smoothed data
0 500
— graficka aplikace Data Cleaner 2010 2| 750
400 -
: 700
3001
x 650
| Cleaning Steps ° ZDD L
00
o 550
500 1

10 45,‘] = i i i -
Jan 31 Feb 1 Feb 02 Feb 03

nyisofive minutely. TimeStamp 2012

.




B
Krok 2: Uprava dat

« Vybér vhodnych prediktoru

— vybér prediktord z dostupnych dat

— posouzeni relevance jednotlivych prediktord viuci predikované veli¢iné

— MRMR, F Test, RReliefF

e Odvozeni novych prediktoru
— PCA

— uzivatelskeé funkce

39

Feature Ranking Algorithm

[ nNome | MRMR ][ FTest | RRelieff |

Feature importance scores sorted using MRMR algorithm

0 0.1 0.2 0.3 0.4 05 0.6 07 0.8
Importance scores

&

£ THUMUSOFT

Feature Ranking Algorithm

MRMR |[ FTest |[ RRelefF |

Feature importance scores sorted using F Test algorithm

50 100 150 200 250
Importance scores
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Krok 3: Vyvoj prediktivhich modelu

* Vybér, ueni a optimalizace hyperparametru modelu

» Grafické aplikace

— Regression Learner / Deep Network Designer / Experiment Manager

Machine learning

4\ Regression Learner - untitled™

- o X
LERRN TEST EXeLAN @
s == o e m
7 S open 1] & HE BB < ap | €
New save = | Featre @ Optimzer | A1QuidkTe AN linesr  Interactions Use Response  Predicied vs P (ot || Gomt @ By New | Dupbcate
Session Selection Train Linear Parallel Actual Table v | Plot v Function Model v
L opTIONS MODELS TRAN PLOTS AN s ExeoRT
Models i [{Wodel21 || Mocel22 Layer lbrary
Sortby | Model Number | v Summary X | Response Fiot x | Validation Predicted vs. Actual Piol X Filter layers.
(#])2:1 Linear Regression  RMSE (vaiidation): 44732 ~ Input
G e /8 features Response Plot for Predictions: model 2.2
T T Plot imagelnputLayer
(2|22 Tree. RMSE (valigation): 255.60) ] PR
Last change: Fine Tree 8 features 11000 1 Pradicted image3dinputLayer
RMSE (Validation): 268 33 i — Ermors
] saquancsinputlayer
8 features 10000 4 I8
| a
RMSE {validation): 308.39 Sk featurelnputlayer
P ]
Last change: Goarse Tree 88 features 9000
-
(] 2.5 Emcient Linear RVSE (validation): 1335.0 = 3 { inputLayer
]
Last change: Efficient Linear Least Squares  &/8 features 3 { 1 i
2 a0 i ! Xaxis roilnputLayer
256 Eficient Linear RMSE (Validation): 13272 3 y
o : . x
Last change: Efficient Linear SVM 248 features g { pointCloudinpull ayer
@ L nonse |
2 7000 1 -~ . How to use the response plot
- : ~ Convolution and Fully Connected
6000 ol 1 convoktion1dLayer
b convokaion2dLayer
5000 1 - $
~, 1 convokstion3dLayer
» ] 1
4000 e groupedConvolution2dLayer
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 ansposedConyTdLayer
Record number i 4
transoosedConv2dLaver
[ Data set: zonedalaTrain _ Obsewvafions: 17520 Size: 1MB _ Predictors: 8 Response: Load Validation: 5-fold cross-validation

Deep learning

o
£ @ zoomin | 2

futo
Arrange

Network

s§ 7
Ansiyze  Analyze for | Export
Compression |+

Istm
IstmLayer

dropout
spoutLaye

ﬁ softmax
softmaxLayer

Propeties

IstmLayer

Hame.

Inputsize
HumHdgentinits
utputtaoos
StateActvatonFuncion
GaleaclivationFunclion
HasStatelnputs
HasStateOutputs
Inputriesghs
Recurentiieghts

Bas

HiddenState

ColiSate

InpuliieighisLeamaleF

InpuliWeighisl 2Factor

RecurrentieightsL samP.

tanh
sigmoid

a

a

1
1
1

RecunentiNeightsl 2Factor | 1

Overview

&
£ THUMUSOFT



Krok 3: Vyvoj prediktivnich modelu

Odhad budouciho zatizeni

12000

10000

Load (MW)

4000

Prediction

Answer

2000 :
Jan Apr

3000

1000 |

Error (MW

-1000 -

-2000 -

Jul Oct Jan
2012

Errar
7 Day Median

-3000 :
Jan Apr
41

1
Jul Ot Jan
2012

R
£ HUMUSOFT
7000 F
Prediction
6000 — Answer
= | l '
\Hl m it
3 [ (| 1
S 4000
|
3000 lJ
Oct 21 Oct 28 Nuv04 Mav 11 Mov 18
2012
1000 Error
—_ e 7 Dy Median
= 0
=
5 1000
]
=2000
SDDO i i i i i
Oct 21 Oct 28 MNowv D4 Mov 11 Mov 18
. , 2mz2
Hurikan
10000 Prediction
— — Answer
% Q000
=]
@ 3000
g
To00
Jul D4 Jul 05 Jul D6
2m2

1000 Error
— . 7 Dy Median
= o L g
= \’W S \'{ \/“f\}v
£ 1000}
Ll
=2000

Jul 04 Jul 05 Jul 06

Dan nezavislosti

2maz
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Krok 4: Skalovani

1

| N Pamét | i Pamét |
] jednoho i N ; jednoho 1
:
1
1

pocitacCe i @ ;
« Datovy typ tall array He | SUTTTI.

pocitace !

— specialni typ

B tall

— urcen pro manipulaci z rozsahlymi daty

 Déleni dat

— automaticky rozdéluje data na malé ,bloky”,
které se vejdou do pameti TN

* VypoCets tall array

— prochazi datovou sadu ,blok po bloku®

— vypocetni kod je stejny jako u béznych poli N

42
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KrOk 4: SkéIOVénl’ e tall array jmm=—————mm——————- .

i N\ _ Pamét i i _ Pamét i
i éi%ﬂggg i % Zpracovani : ‘ ‘ éi%ﬂggg i
 Paralelni vypocCty a tall array B ’
— Parallel Computing Toolbox
o o N tall
« /Zpracuje nekolik ,bloku” najednou

. Pamet|
I : ‘ ‘ jed?urg:o:
Zpracovani ‘ pocitace i

1
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Krok 4: Skalovani T el tall array e
N jednoho | N l ‘ jednoho 1

h poditade 1! pracovani poditage |

| b 222 : i

 Paralelni vypocCty a tall array e E2=] E— §
— Parallel Computing Toolbox i T

. . : I tall ! jed?lrgr?o !

 Zpracuje nekolik ,bloku” najednou i ; Zpracovani ‘ potitate |
« Moznost $kalovani do clusterd | i T et
i D Pamét | o jednoho i

— MATLAB Parallel Server : skupiny | kel pogitace |

|_|EE2 | positacu | ; ;

e [T L pamat !

_B m I : jednoho :

T m cpracoren® ‘ ‘ positace |
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Krok 5: Integrace a nasazeni modelu

* Nasazeni ve formé interaktivni webové aplikace

Forecast

0% Confidence Bands

g

Comparison

« Cely postup prikladu viz.:

45 — https://www.mathworks.com/videos/using-machine-learning-and-deep-learning-for-energy-forecasting-with-matlab-1598543886039.html



https://www.mathworks.com/videos/using-machine-learning-and-deep-learning-for-energy-forecasting-with-matlab-1598543886039.html
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Uzivatelska reference

« EDP Renewables Develops Revenue Forecasting and Risk Analysis Tools for
Wind Farms

46 https://www.mathworks.com/company/user stories/edp-renewables-develops-revenue-forecasting-and-risk-analysis-tools-for-wind-farms.htmi



https://www.mathworks.com/company/user_stories/edp-renewables-develops-revenue-forecasting-and-risk-analysis-tools-for-wind-farms.html

£ THUMUSOFT

Uzivatelska reference

« Eaton India Innovation Center Accelerates Solar Energy Predictions with
MATLAB

Eaton DERMS Offerings

The new
power
landscape

BERE
s BEE -—-Hd
AS A GRI — =

BXHE

Enabling customers to safely add more renewables, storage
and electrical vehicle infrastructure to their energy mix.

1 MATLAB EXPO

a7 https://www.mathworks.com/company/user stories/advancing-photovoltaic-predictions-with-low-code-ai.html



https://www.mathworks.com/company/user_stories/advancing-photovoltaic-predictions-with-low-code-ai.html
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Obchodovani s energii a fizeni rizik

Import a vizualizace dat

Vyvoj prediktivnich modelu
— poptavka, ceny, trzby

Monte Carlo simulace

— hodnoceni a posouzeni rizik

Nasazeni prognostiky
— podnikove systémy a cloud
Propojeni s zivymi daty
— regionalni trhy s elektrinou
— meteorologicka data

— dalsi poskytovatelé dat

&
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B Portfolic Optimization Tool (o]l ® =]
Datalmpot  \/Potfobo Optimizationf  Resuts |
— Portfolio

Portfolio Weights
[sap (26.58%)

L LINDE (16.85%)
: |VOLKSWAGEN VZ (14.90%)
60 - ‘rnssemus MED CARE (14.3...
P FRESENNS VZ (14.28%)
Ef vt BMW (13.01%)
o $
€
B
E B
D‘ % Individual Assets  ©
: & Benchmark Portfalio -
PO ORI OOt SRRt SO SRR SO
10 15 20 2 30 35 o e
Annuaized Risk [%)
— Per Metrics
Portfolio Per — Value at Risk — Key Metrics
Confidence [%] | 95 | Historical v Riskfree Rate %] = 2
Annualized Volatiity 15.24% 1
Monthly Value at Risk -4.04% |Annual lized Returm 37.28%! |
ghadisasegsih s s eebg Aoy s s !
|Sharpe Ratio 175 E|
ap 0.38%
|Risk-adjusted Return 0,54% | =

P TR R R
1001'\‘(‘.:::::,

T i T RS T A T A M R T
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

|Information Ratio 9.11%

{Trackina Freae _ 0NRR% T
‘ < | m »

— Financial R

Generate Report
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Techno-ekonomické analyzy

Propojeni technickych a ekonomickych aspektu
Data

— historicka data, informace o cenach

Podminky

— dostupnost zdroju, technologicka omezeni

Typické ulohy

— optimalizacni ulohy k zajisténé efektivniho provozu J MathWorks

- FI'ZG n |’ Zd rOJ LOJ Techno-Economic Analysis a»< Optimization

of Microgrids with EV Cha

49 https://www.mathworks.com/videos/techno-economic-analysis-and-optimization-of-microgrids-with-ev-charging-1738582810736.html



https://www.mathworks.com/videos/techno-economic-analysis-and-optimization-of-microgrids-with-ev-charging-1738582810736.html
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Dekuji za pozornost



