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Scientific background Anomalous energy trend detection in buildings': methodology
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related-data. Consequently, the energy management in

4 )
buildings is becoming more and more a data-centric task 0 Time windows identification and time series reduction | Symbol identification and time series encoding a
. . . ° I
also considering the effectiveness of novel data analytics i B iBameliE e L 4 Adaptive
technologies in driving the development of ready-to- - x — @ : = & TEqipeiable = = ZEqipeiste = & SEqupbdl = B 4 Eqiphal
. . . . . 45 24.5 I o : |
: ' : ,
implement energy co.nservatlon measures in suc.h. a nen | -) — y Sgiuei B ghg,i;;%egozlgu;isghofnmgesgﬁﬁ
complex systems. In this framework, my research activity 2014-02| : | —) the dncerval (5,40, B - T 4. were
. . .. . . . : ! is the total number of PAA poi ints in the interval
is aimed at exploiting the way in which a data analytics B ; - - 4510
. . . 2013-12; r | 2. :c;r;pjti ihe:ief intervals by § = (r,, + r) / 2,
based approaCh IS Changlng the paradlgm Of energy 2013_11. ' : = B.Complite the total repris_e;tation error as
management leading to a significant reduction of energy & 2013-10 8, 5 3T et xS e s
. . . . >135 <135 I Otherwise, set A=A', and go to step 1.
consumption and energy wastes during the building z:zz: | Noidln= 1) edin= i) sedn=sed (_ 75 Mﬁ_) : adaptive Symbolic Aggregate
operation. Even though some applications are wel ora0r il i 233: O 233‘ _ vl 25 | m] B3 & . approXimation
developed in the literature (e.g., Fault detection and 2013-06 S R S Il B I T RS | |
Period 1 Period 5 Period 2 Period 4 Period 3 :
CiagﬂOSiS) the diversity of data analytiCS teChniqueS anao 2013-05 (00:00 - 04:59)  (20:00 - 23:59)  (05:00 —06:59) (14:00 — 19:59)  (07:00 — 13:59) : ] MWWMWWHHW%{H Wﬁﬂﬂﬂmwmﬁwnhﬂ
. ’ : : : : : : 2013-04 = E———————— . : ' £ bl i g [kW]
their combination still remain challenging to be handled in S0 TR0 WD 15,98 'AI00 B0 i |
. . . . ) | | | I | | rem e nnnas non—overlapped time windows ! 15t breakpoint 2" breakpoint 3™ breakpoint 4t breakpoint
the building physics sector. The effective coupling of L with unequal lengths 1 | | |
. . . . . . erio erio erio erio erio mbo mbol mbo mbo mbo
building physics and data science needs significant g . TSR YRR e ameep et )
contributions aimed at exploring robust and generalizable
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profile is represented by a SAX word that is then used as the input for the successive anomaly detection analysis.

buildings

In last vears, parti cular attention has been devoted to the Total Electrical Demand [kW] Infrequent pattern recognition and first level diagnostic Sax Symbols

branch of time-series analytics for describing and modeling 0 200 400 - R —
energy dynamics in buildings and systems during their real e = | | W
. o 2014-03 JE—— — 2 e | |
operation. This kind of analyses, based on the ensemble of 0100 ————8§ w g | | o ——
- ] ] . ] ] | — — i ) 247 ............................................. 247 : | o=
data mining and machine learning algorithms, are of a = — S =3 S | B E 2014-01 I —
. . . . . 2014-01 : g . | B = s
paramount importance in harvesting valuable information — x B 25 125 . . S — |
: : : : 2013-12] = — & M 7R e——— < - ! ! g a ' :
from data preserving their chronological relation. In fact, —— = . | ; S o1
. . . 2013-114 e —— kS | | | B
the temporal discovery process makes it possible to extract ® —_— —— a ST £ 5013-10
- : : ® 2013-10 = —= - Count Time © - —————
useful knowledge in the time domain on the actual a = = a ===
. . . ey 2013-09; : period 1 period 2 period 3 period 4 period 5 2013-09 = —
relations between outdoor disturbances, indoor conditions = — (00:00- 04:59) | (05:00-06:59) | (O7:00-13:59) | (14:00-19:59) | (2000 - 23:59) —
08| , e ©» 2013-08 =
and energy demand. 2015-08 - ———— e IS 3 — =
. . . 07! — 2013-07 —
The great advantage of this data driven approach is related e = —. g P e = —
: _ . _ _ .. NAl E——  ——e—— o ® § — :
to its potential capability in learning and characterizing 01300 ) 200 2 201500 g;
. . . | | § 5 .
building energy dynamics features for unforeseen systems allde 1 190 5\ 0 . - Bl —— .
— - — 52 0\ $*® s i i E o> S° §° e,
without a-priori knowledge of their configuration. L e e ———————— abcde abcde abcde abcde abocde SUISUR™ U D7i0D TIEED 1.GE MEDE REEID
. . : Symbol
Algorithms related to (i) Sequential and recurrent Pattern Hour . Hour
Mining (i) Causality Analysis (iii) Time series similarity At this stage, the probability of each symbol occurring in each Tl Decison ruls Symbol_Accuracy
. . . . . [ oy e . Period 1 s stem_start = is turne at 04:00 a.m. int>2343° —>a %
proved to be flexible in their combination and effective in time window, under specific boundary conditions, is evaluatec 000 0459) i med ON o 0400 & AND T inf <2343 °C WY
. . . . . . . . . . L. orio IF Day = Holiday OR Sunday OR Saturday ' - - —a 83%
addressing  emerging issues in  building energy by means of a classification tree, which is based on additiona 0500 s D0y~ oy OR Tuslay R Welnsdy OR Ty OR iy ND T it preerisd D 255°C e %
management such as energy demand prediction, Fault explanatory variables (e.g., external temperature, interna DSty 3
. . . . . ' _ IF Day = Monday OR Tuesday OR Wednesday OR Thursday OR Friday AND 9 °C < T ext<20,35°C —->d 73%
Detection and Diagnosis, anomalous energy trend temperature, day type, month). In this way, if the occurrence 707D ay = Monday OR Tuesday OR Wednesday R Thursday OR Friday AND T_ext> 0,35 °C e %
IF Day = Monday OR Tuesday OR Wednesday OR Thursday OR Friday AND T ext <9 °C —>e 84%
recognition. probability estimated with the classification tree and I Tites4.1°CAND Sym pr perod =" AND T <25 5°C S
. . . . . . . . ' ' IF T ext<24,1 °C AND Sym_pre (period3) =“d” AND T int>25,55°C —->d 75%
Most of these techniques rely on temporal abstraction as a associated with a symbol is very low, it is likely that the energy (14001959 g§_ext<24,i;§§RN?fiﬂ;ér;(ﬁerz'(od3_);;‘)e”241 C i
YI_pre= e ext (period3) > 24,1 ° e %
preprocessing stage for knowledge extraction. Temporal consumption in the corresponding sub-daily time window is o, : Sa
abstraction consists in transforming time series from abnormal. Furthermore, the post-mining stage of the analysis o
. : . . L . Decision rules
numerical sequences to discrete state sequences by means is performed using additional datasets in order to further
of the reduction and the transformation of data. support the preliminary diagnosis of detected anomalies. Energy ConsuMption: =Asrsss pover = - Toa o
i proie i Dai profie Nz e rofe A In this perspective, the proposed methodology represents a Conditional frequency: ,, ™™
S very useful tool that can be wused to support the . | |
_ wi [ w2 [ ws | wa implementation of advanced targeted anomaly diagnosis in a o i o
g glMlAlclc)s specific time window of the entire time domain. Infrequent pattern
- Eln|alc|c|es 247 [kW] — § i 247 [kW] i
2" cT; FEEEEE CEEEEE TEETEE Corer : d d [ : ]
g Bl V60 O B Infrequent pattern recognition and first level diagnostic 184 (kW] TR ] i R (e
00:00 06:00 12:00 18:00 00:00 06:00 _:_IZrTC])é) 18:00 00:00 06:00 12:00 18:00 SAXwordofDailfoofile N3 4--5 period_3 125 [ng '__: :._: “‘ 125 [ng—:_— :. ___
Accuracy: 0.863 76 (KW, . 1 A 76 kW] . : : .
Symbolic Aggregate approXimation (i.e., SAX) is one of most on e g (a)
promising technique available to discretize a time series, ol W;:’g;“ % LS C i
without losing temporal key information. It is based on the Mon i E |
. . . : . at , Wed, Thu w |
reduction of the time series through a piecewise B . .
technique and on its transformation into a symbolic string. - | = |
: : : <20.35 220.35 247 [kW]—— /! : § 247 [kW] e ; §
The symbols are associated to discrete states of the time ’/ . | | | ) B\ |
series in non-overlapped time windows of equal length. e IR ' ‘ PR . T |
The subsequent step consists of chunking the entire string debin=75 Dby Mol ih-v0 | Bee@l=30 ik odm—e 125[k{.~*’§ 125 (kW] i
: : . 1 1 1 1 1 : P/ :
into a set of N symbolic sub-strings, called SAX words. 08 1 08 1 08 - 08 - 08 oI miiy
Those words represent then the abstraction of the T o - Hﬂ e - ‘ it I it - : (@)
) ) B~ 0 = 0 — g — <
sequence of events during a reference period. AR SE EARS RS S5 s - >
ime
Eneraetics PhD Phd student: Publications Collaborations
g . . . . Ca[?o%zoli A, Piscitelli M S, Brandi S., Grassi D., Chicco G. Automated load pattern learning and anomaly detection for enhancing energy management in smart
I\/I a rC O S a V I n O P I S C I t e | | | g:gg;’;gﬁ:,nsl;gc\:tiﬂlli;l 15,57B:r§r?:gi_?;§iﬂining typical load profiles in buildings to support energy management in the smart city context. Energy Procedia 2017; 134: 865— DEPARTMENT OF
XXXI I C C I e £ L ) . . . . . . f BUILDING SERVICES ENGINEERING
Capozzoli A, Piscitelli M S, Gorrino A, Ballarini I, Corrado V. Data analytics for occupancy pattern learning to reduce the energy consumption of HVAC systems in office
buildings. Sustain Cities Soc 2017; 35: 191-208. T LIEE A
R N R SN R T
Ph D Day . - TUtO rS. I(FaE;oSzrzT:)al{fAl,):;iaflserZ?r;zi::gils)li:tse,rél::;s?1D_.23¢::¢: fnl%r?iir;.fi?-eigelr:}?iivestigation of large data set of flats. (Pr9clnst Ci}/ E.ng) Engineering Su.stain 20.17; 170:3-18. ? Ff;g{l‘;)%%éﬁ&lc UNIVERSITY
Energy Center Auditorium Prof. Alfonso Capozzoli Th o face andOHW heaig oot gatient Heaicare Contes Aol () 206, 71592607+ . ) L) e e -
By e b L VR e ST sl sk it pensie Comptng oo
December 19th 2018 PrOf MarCO Peran rEﬂ BAEDA é\:;?gr;gtion Ezz:)g%cs:(ﬁegir:szsc:)i);j;g;s:;iggl_lsi;.M g,gSeraIe G.f)illcoveringIKnowltzeggz frgmaRisF;dentialt;ui'lding St:cli through Data Mining Analysis for Engineering Sustainability. M I re n

Lﬂ/b’-dp O--02 Rigalytics



