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Ayopd Evepyslac - Ztoxol Epyov MALENA

1. Zuvexncg BpaxvrpoBbsoun PoRAsYn wptaiag {nTnong GUVOAIKOUL (pOoPTIOL
Tou MNapoxouv oto Alaocvvdedepevo ZvoTnUa MeTAPOPAG

2. Zouvexnc BpaxurpoBsopun rpoBAsdn wpelatag mapaywyns GUVOALKOU
Suvapukou AMME NreipwTIKNG XWPaAcg

3. EZATOMKEULMEVN UTTNPESIA EVEPYEIAKNG Slaxeiplong, ArmoTEAOVLIEVN ATTO
BpaxurpoBsoun (EMOPEVNC NUEPAG/EBEOUABAC) KAl LLECOTIPOBECHN
(ETTOPEVOL UNVa) TTPORAEPYN KATAVAAWGONG KABWC KAl CUCTACELC BEATIOTNG
EVEPYELAKNC CLUUTTEPIPOPAG
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As8opsva

loTopIKA wplala Se8opEva KATAVAAWONC (POPTIOL arTo Tov popsa AEH
Asdopeva mapaywyng AMNE (atoAika, ...)

AsB0oUEVA KATAVAAWONG EVEPYELAC YIa TTEAaTeC MT kat YT

Kalpika 6sbopeva (Bsppokpaacta, bypaaola, ...)




Y
V-

S I W S N

LAV g

X
0 = A/
N~ FLt
A NP
( & -
AR »
{
Y WAL XL
>l X/
\,,:-‘,:'\; 5 7
1 \ N
|
b X

Ongoing Projects CONTACT US
cidl.csd.auth.gr
tefas@csd.auth.gr

@‘:::?J:ﬁ*mw.';:;:::w 9 Robotics Dee P Sfream

DeepFinance Ambr@SIa Dldsmonl A{

LEc TRl
‘Wg‘*
X759

A7\



http://cidl.csd.auth.gr
mailto:tefas@csd.auth.gr

BaBia Maénon

M
-
’
arning system for energy
tlata analysis & management




BaBia Maénon

e Ta Badia veupwviKa SiKTua TTPooTTaboLV vVa TIPOCOLIOWOO0LY TN CLUUTTEPLPOPA
TOUL AVOPWTTIVOL EYKEPAAOL WOTE VA MABEL ATTO PEYAAEC CUANOYEC SEBOLEVWVY
e Ta Badld VELPWVIKA SIKTLA ElVAL VELPWVIKA SIKTLA HPE TTOAAATTAQ OTpwHATA

Simple Neural Network Deep Learning Neural Network

RN o
NP

N

‘ Input Layer O Hidden Layer . Output Layer
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Eqpappuoysc Babiac Madnonc

H Badia Maénon £xstL o8nynost os dlagopa state-of-the-art amotsAsoparta ota:
Mnxavikn Opaon
AuTtoodnyoupueva Avtokivnta (Self-Driving Cars)
EmeEepyaocia Puoikng Mwooag
POUTTOTIKN
MpoBAsPn Xpovoosipwv
o 2017 Web Traffic Time Series Forecasting
o 2018 Corporacioén Favorita Grocery Sales Forecasting
o 2018 M4-Competition
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Multi-Layer Perceptron (MLP)

e H o BActkr HOPPI VELPWVIKOL SIKTUOU

Hidden
Input
Output




Convolutional Neural Networks (CNN)

e Xpnolporolovy dlapolpacuo Bapwyv (weight sharing)
e |kavotnTta sEaywync XPNolHwY XApaKTNPIOTIKWY ATTo Td orpatd sloodou (sikova,
NXOG, XPOVOGCEIPEG)

10




Recurrent Neural Networks (RNN)

e FEEZsiSiksvovtal TNV avaAuon XPOVOOCEIPWV
e EVOWMATWHEVN MVAMA YA TNV EVIOXLON TNC IKAVOTNTAC va BupovvTal
MTAPEABOVTIKA YEYOVOTA TTOU £XOLV AVTIKTUTIO OTO HEANOV
e Emppemn os vanishing and exploding gradients
A

P2
® ® ® - ©
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Long Short Term Memory (LSTM)

® BEeATIWOELC OTNV APXITEKTOVIKA TOL armAoL RNN
e M povada LSTM armoteAsital ammo eva KeAl (cell), pia ToAn sicodovu (input gate),
pia TTOAN €£0dou (output gate) kat pua TOAN forget




Transformers

e EmeEepyacia duokne Mwaooag, Mnxavikn Opaon, MpoRAsPn Xpovoosipwv
e |kavotnTta cLANYNG HaKPOTIPOBsoUWYV eEapTnoswy (long-range dependencies)

Embeddin; 'nfhcads
ittention Block 1




Ekmraidsvon NevpwVIKwv AIKTOWV

e Tpia Bacikd cuoTaTIKA
a. Asdopeva
b. Movteho (NN apXITEKTOVIKN)
c. Zuvaptnon kootou¢ (Cross Entropy, MSE, Smooth-L1,...)
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BaBia Mabnon yia MpoBAsdn Xpovoaoslpwv
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MpoBRAsPYn Xpovoosipwv

DATE
® XPOVOOEIPEG: Ml lEPAPXNHEVN WG TTPOC TO XPOVO 2022-07-12
' I ' ' 2022-07-12
akoAouvBla mapatTnEnoEwWV TTOL AdpavovTal o€ TaKTA ST

1 1 ' 2022-07-12
loa xpovika dlaotnuata o

2022-07-12
2022-07-12
2022-07-12
2022-07-12
2022-07-12

e [1pOBAsYn XPOVOOEIPWV:

observed time-series forecast

M
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HOUR CONSUMPTION

3.074.764
2.965.891
2.890.194
2.841.386
2.863.107
2.909.262
3.258.198
3.644.261
3.873.906
4.093.656



EmBAsmiopevn Maénon

e FEva povteAo HABalvel Lia cuvapPTNoN TTOL AVTICTOIXICEL pia elcod0o o< pia €£080
XPNOLLOTTOWWVTAG EMONUAcpeVa dedopeva
e OpIoNOC HOVTEAOUL

o MLP
o CNN
o LSTM

e OplopOC cLVAPTNONG KOOTOLC
o Mean Squared Error (MSE)
Mean Absolute Percentage Error (MAPE)
L1

O
O
o Smooth-L1
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Babia Mabnon yia MNpoBAsdn Xpovoosipwyv
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MpoBAsYn ZNTNONC NAEKTPLIKOL (POPTIOL YLd
TNV EMOUEVN NUEPA (one-day-ahead)

o [poBAsYn 24 TIHWV popTioU

o Regression
BiBAloypapia: MLPs, CNN, RNN-based,
LBPISIKA HOVTEA
S UYKPLTIKN MEAETN state-of-the-art povteAwv
Badlag padnong

o  “BaBleg” apyltekTovikee & attention
AZlohoynon:

n
MAPE = lOOZ|yi _y\i |
N ,'-1| Yi

Method Padding | MAPE(%)
1-layered CNN(32) no padding 13.97
1-layered CNN(32) causal 16.52
2-layered CNN(32) no padding 1512
2-layered CNN(32) causal 14.87
2-layered CNN(32) + LSTM(16) | no padding 2.11
~ 2-layered CNN(32) + LSTM(16) causal 220
2-layered CNN(32) + GRU(16) | no padding 2.30
2-layered CNN(32) + GRU(16) causal 217 N
1-layered LSTM(32) - 251 |
1-layered GRU(32) 4.21
1-layered GRU(64) 219 |
2-layered LSTM(32, 16) 1.99 |
2-layered GRU(32, 16) 1.99
-layered LSTM(32) + Attention 215
1-layered GRU(32) + Attention 2.30
BILSTM Seq2Seq 2.04
1-layered LSTM Seq2Seq 2.34
1-layered GRU Seq2Seq 2.28

G. Emmanouilidis, M. Tzelepi and A. Tefas, “Short-Term Electric
Load Demand Forecasting on Greek Energy Market using Deep
Learning: A comparative study”, PACET 2022
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Mpotelvopsvec MeBodol BabBiac Maénonc yia MpoBAsyn
Zntnonc HAsktpikoL dopTiov (MZHD)
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ArevBeiac Artoota&n Nvwonc (Online Distillation)

Predictions

e EkmaiSsuon armoTEAECHATIKWY
eAappwyV LoVTEAWY, HETapEpOVTaG -y 000 o = e R
y 1 It ' r —- Teacher k Soft Label 9: probability 0.7
yvwaon aro 1o 16XLPA HOVTEAD, HECW remparre 2 provaiy 02

™G €£080L TWV TEAELTALWY
O  AMOTUTIWVETAL N OHOLOTNTA KAOE

SElyHaTOC UE KAOE pia aro TIG
Predictions
KAQOELG TOL TTPOLRANUATOC e o
> VBTN Sladikaoia ekmatdsvong Mook — (@ —  (om) ———

ArmreuBsiag anootagn yvwong
Self-distillation

MeploplopEvn epappoyn os
mpoBAnpaTa MPORAEYNC XPOVOOELPWV

@lana
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ArrevBslac Armoota&n Nvwoncg yia MZH® - OSDFn

ErrektelvoupE TNV LeBoSoAoyia TNEG AMOOTAENG YVWOoNC oS TTPoBANpata

TPORBAEPNC XPOVOOEIPWV

AVTl va eKTTAISEVOVE TO HOVTEAO HE OTOXOULC TIC TIPAYMATIKES TILES (POPTIOU,

TTPOTEIVOULE TNV EKTTAISELON XPNOIUOTIOIWVTAC TOUG ASYOLEVOUC ACQPELG

oTOoXoUG (soft targets)

Acapeic 0TOXOL CLVSLACHOC TWV TIPAYHATIKWY TILWV POPTIOL KAl TWV

TTPORAEPEWY TWV TTIIO OHOWWV AVATTAPACTACEWV: s; =t; +ap’, pi= %i@(xf;W)
o EukAeibela amootaon -

, , _ e
>uvaptnon kootoug (MAPE): £ = = Zl

t; +ap’ — &(x;, W)
t; + au’
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MovTeAo - Xapaktnplotika Elcodou

Abbreviation | Dim. Description

Lg 24 Load of the day that is 1 day before TD
Ly 24 Load of the day that is 7 days before TD
Lm 24 Load of the day that is 28 days before TD
Ty 24 Corresponding temperature for L¢

Tw 24 Corresponding temperature for L™
Tm 24 Corresponding temperature for L™

i 24 Corresponding temperature for TD

D 1 Indicator of which day of the week is the TD
W 1 Indicator of TD being weekend

H 1 Indicator of TD being holiday

@!§yﬂlnnh§"“
analysis & management

2-layer MLP
EE0d0¢: 24 vELPWVEC
> XE8IAOUOC XAPAKTNPIOTIKWY
£10080L
o Bpaxurpobsopua Kalt
LLAKPOTIPOBECHA
XOPOKTNPLIOTIKA

o TIEPLOBIKA Kal “acuvnblota”

XPOVIKA XOPAKTNPLIOTIKA
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>evapld Baocsl TG SlabsoluoTNTAC TWV SE80UEVWV
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Test Mape

OSDFn - Mepapatika ArmoteAsopata

~e~ W/o Distillation .
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M. Tzelepi, A. Sapountzaki, N. Maragkos and A. Tefas, “Online Self-Distillation for Electric Load Demand Forecasting on Greek Energy Market”, PAnhellenic
Conference on Electronics and Telecommunications (PACET), 2022
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Maonon YTOASUTOUEVOL ZpAAUATOC Yia MNZHD
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Mdaenon vrmoAsimopsevou ogpaipatoc (Residual Error
Learning)

Model 1 Model 2
. Residual Error
actual load targets — gt —> Computatuzn > residual error targets > é
gt 1st e=gt—gt € 2nd
Model's Model's
Prediction Prediction

l

Final Prediction: é + gt

e BeAtiwon av ta opailaTa ival CLOTNUATIKA

analysis & management
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Residual Error Learning - Meipapatika ArroteAsopata

Method | Greece Spain ISO-NE
Baseline 3.36 £ 0.08 0.62 £ 0.07 2.56 £ (.15
Proposed | 2.63 4 0.15 | 4.66 + 0.14 | 2.15 4+ 0.06

Table 1: Test MAPE (%) for the proposed method against baseline, where the two models

are of identical architecture.

Method

Greece

Spain

ISO-NE

Baseline 1

3.36 £+ 0.08

n.62 = 0.07

2.56 £ 0.15

Baseline 2

3.39 £+ 0.10

6.05 =+ 0.06

3.43 £+ 0.30

Proposed

2.52 4 0.08

4.50 + 0.08

1.91 + 0.01

Table 2: Test MAPE (%) for the proposed method against baseline, where the second model

is more lightweight.

arning system for energy
analysis & management

EkmaiSsvon eAappuTEPOL
HovteAou Ue residual errors
EmmAgov BeAtiwon
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Residual Error Learning - Meipapatika ArroteAsopata

e Epappoyn oto mpoRANUa TG £EATOMKEVHEVNG BPAXLTTPOOECHNG KAt
HECOTTPOOEOHUNG TTPORAEYNG KATAVAAWONG VI KATAVAAWTEG MT kat YT
e [poBAsPn KATAVAAWONC Yld TO ETTOMEVO £TOG O pMnviaia Baocn

Method | MV | HV
Baseline 8.27 | 1.66

Proposed | 6.19 | 1.60

Table 1: Test MAPE (%) for the proposed method against baseline for two HV and MV

costumers, considering the one-year ahead prediction task.

A. Andronikos, M. Tzelepi and A. Tefas, “Residual Error Learning for Electric Load Demand Forecasting”, to be submitted.

@!§yﬂlnnh§"“
analysis & management

30




MaBnon Kwdikormoinpevneg EtcoSov-EE0Sou yia MNZHD




Mabnon Kwéikomoinpevng EtcoSouv-EE0S0UL
(Anchored Input-Output Learning)

e Baoiletal ot anchored-based pebodoug yia BT ‘
AVIXVELON AVTIKEIHUEVWV

e [MpoBAsYn offset os oxson Ye TTPOKABOPICUEVA EEEEEC
bounding boxes (anchors), avti yia TPOBAEYN  summmmesens &mmzmm
ATTOAUTWY CUVTETAYHUEVWV

O EUKOAOTEPO YIO TO VELPWVIKO vd paBel To offset

e Avaloyika oto MZH®, purmopoULE va oploovpe eva anchor kat va
HETACXNHUATICOLHE TO TTPORANUA o TPORAsYn offset avtl yia armOALTWV
TTPAYLATIKWY TIHWV (POPTIOL

len
o eneriint
32

Refined location of anchor box




AnlO - Anchored Output

e (Qc anchor opiloupe To poPTIO Mia ERSopada N Eva pnva mpLv TNV NUEPA
mPOBAedNG
e Ol OTOXOl KWSLKOTTOIOLVTAL WC N TTocooTlala HETABOAN TOU (POPTIOL OE
oXEON ME TO PpopTioL Tou anchor (a={7,28)):
an?::);::;gf_x\
d o ld
I, & = —1
ld o

A

Day /

being
anchored
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AnlO - Anchored Input

® AVTIOTOIXWG, UTTOPOVLE VA KWHLKOTTOINGOUVKE Kal TNV €l6060 WOTE va
“Talplalel” pe TNV Kwdikorolnpevn €€o0do

e KdAbBs pEPA TTIOL XPNOILOTIOIEITAL OAV £l0080C KWSIKOTTOLEITAL XPNOUOTIOWVTACG TIG
QAVTICTOIXEC TIUEC LA ERSopada vwpltepa:

d—14 1d—35 d—14
[ld l?ld 7 ald 289 d 1atd v vtd zxv II]
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AnlO - Aladikaola skrmaidsvonc Katl agloAoynong

= actual load,ly
| — anchorls-;

Test Phase

The predictions are converted
—> Learning the percentage change — Pack to the original load space
of the load wrt to the anchor so as to be compared with the
anchored target actual load and evaluate the
computation id— « performance
d

Training Phase

= 1
ld ...
. ld—a

-1

Iqad

id —ld o '(i:; 5 { l)

hours

@n!§ymnnh§my
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AnlO - Melpapatika AmoteAsouata

Day 40

—— actual load
—-—- prediction-baseline
—=—= prediction-proposed

6000 -
5500 A
o
8 50001
4500 -

4000 -

l hours
ﬂﬂlllgymnllfll energy
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AnlO - Melpapatika AmoteAsouata

401 mmm Baseline
3.5 | ™= ANIO week

Method | Anchor | Test MAPE (%) 3.0 -

Baseline | - 2.835 £ 0.068 2.5

AnQO Week 2.297 + 0.078 g 2.0

AnQO Month 2.423 + 0.058 1.5

AnIO Week 2.173 + 0.054 1.0 A

AnlIO Month 2.395 + 0.024 0.5 -

0.0 -
Table 1: Greek Encrgy Market = = > W > = = — e ._
- s § £ 3 § § 2 8 3 % 3 3
© o = 2 Q [ [
. » a 5 g [}
R = &
MONTH

M. Tzelepi, P. Nousi and A. Tefas, “Improving Electric Load Demand Forecasting with Anchor-based Forecasting Method”, IEEE International Conference on

Acoustics, Speech and Signal Processing (ICASSP), 2023

P. Nousi, M. Tzelepi and A. Tefas, “Anchored Input-Output Learning for Electrical Load Demand Forecasting”, IEEE International Symposium on Circuits and
stems (ISCAS), 2023
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Ongoing Work

e Informer ywa pORAEYN XPOVOSEIPWV
® TEXVIKEC KAVOVIKOTTOINONG YA BEATIWON IKAVOTNTACG TTPORAEYNG

Embeddin, lu—hr‘ads
%Mzention Block 1

! Zhou, Haoyi, et al. "Informer: Beyond efficient transformer for long sequence time-series forecasting." Proceedings of the AAAI

conference on artificial intelligence. Vol. 35. No. 12. 2021.
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EuXAPLOTOUE yia TNV TTPOCOXN 0ag

YAoroinOnke oto TAaiclo  Tng Apdaong EPEYNQ - AHMIOYPIQ - KAINOTOMQ «kal

ouyxpnuatodotninke amo to Evpwrndiko Tapeio Mepipepsiakng Avantugng (ETMA) tng Evpwmaikng

Evwong Kal €BVIKoLE TTOPOLE HECW Tou E.M. AvtaywvioTikotnta, Emysipnuatikotnta & Kawvotopla
(EMAVEK) (kwdikog epyou: T2EAK-03048)

ENAVEK 2014-2020 =~ EYT1A

EMNIXEIPHZIAKO NPOrPAMMA

- ANTAMQONIETIKOTHTA = &
Eupuwnaixd Evwon ENIXEIPHMATIKOTHTA E- 201 200
ke [l KAINOTOMIA SWINXEAN - SRR SAMMEFIS

analysis & malawn!n!
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