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Abstract

Today's increasingly serious global
problems have been caused by the difficulties
of supply and demand in the use of energy
and the far-reaching impact on the
environment in the production of energy. The
way people know is the use of renewable
energy and find effective restrictions to
reduce energy consumption, this paper
mainly studies the method can find out the
excessive energy consumption, the way to
improve energy efficiency as the goal. This
paper identifies outliers at different time
points (e.g., 2015/2/1~2015/12/31) at the
same time point (e.g., 12:00AM). The
experimental process is the use of Science in
the building of each floor collected using
power to record the data of National Chung
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Hsing University, plus the data clustering
mining algorithm DBSCAN algorithm to
find the general norm of electricity and
clustering, if not in the clustering in data
values, may also be abnormal electricity
value you can, over the scope of clustering is
to limit its notice of abnormal or electricity
consumption, to prevent excessive energy
consumption.

Keywords: Energy Efficiency, DBSCAN
(Density-based spatial clustering of applications
with noise)Algorithm, Smart Meter, Power Usage,
Clustering.

1.=

Iﬁal\ p /ﬁrﬁ:’i g1 If FFE%E’E_"‘& e
Fe NIREF R EE[3] 1 t-t_%gllg T o)
kg mwiﬁ%ﬂm R R T
B RGEMH -t g '4'”% LiEs o
CABER W R A TR T & L
,T&{aﬂ]u//ﬁ! o B¥p o TApdt o FESDS T
R BFmesag g o amjfe
|‘}§f<%’\‘;;‘§§-*’*4 ALV p%gﬁ}k 2N 3 R
R SR P& ] i\"g ;B-#*w v G4
2T o 2 @“;%)°$%Bw4ﬁ -
S R iedk s FERAY BRBRT LD

& vk

£l

,\‘/ﬁm

T3 N T 4 e ,’m_2015ﬁ e R e
A 2017 #Egad (AR R A 0 R S A

7B R e BB TG R A

T ReEdpT AP ARG 7R EE R T
PR HE RS R AR EET A
FEp - T Mk o AATREDRB AR
»z % (Energy Efficiency)shp #% - @ * ¥ £ 4
551&7'153}"}4"‘) ‘quH /}é\‘ ’Eb/)fflm/ﬂ%i“’

[ Ik E ) R E ‘«L? 72 fedr ) A
2 }i%.,’cg-p\ - fé” FATN ‘Q‘-"a‘ﬂb)"g A AP e
it /)Eﬂig?] P 5 PR 3‘ A0 Ie eNPR AR
KR G mnb/ﬁ!%])‘ ’F‘an/)}ail Fi {rs o |4 o
3 U F kg T % e (compact fluorescent
light » # £ CFL)JB_,a b g JBEE D g R



(Z A2 -FIrz-) A2k R akps
CFLA R A &ivehe P wj 37 5 aRE e
e#q:brg 2t #— é‘%ﬁ,_{-* pae] AF' m;}i,{i’:rF'“ ;? , ‘g\Ki
B i Rt -ac R L g 1= 5 (Department of
Energy — Energy Information Administration |,
DOE/EIA) % w it ic i % R g(Energy European
Commission |, EEC)EE"S'% 7 4B hiT R G

iy o AR 1 S T
KR A g A \]ﬁpw‘%&;}ﬁ'lﬁ"‘"J # % > iEF
ISR 4 RS H L RN ko T % Google
b'%/[ﬂlftﬁj\"!" %’E—ﬁ&)‘ y "%B&/E‘I’R > % :b-a\_fl

S EFY L EE RS e S

NRERSIE A HLLRFTS 27 EL
Google » i & hip %ﬁ‘%?“@iﬁ*’* S AL

’fﬁf*?fﬂrzk“%"%m% sk R T eanF o
60 RV ILER P R & APP i R
?Q%ng?%\/m’?ﬂbxﬂgﬁrlgﬁfp??\

BB FREEHN B Xhr TERT o

%’z‘a R
S

\-

|

Ldrm g PRy 2 AR ERN ?E
iaw~ﬂ”*w%ﬁ§ - Tt TR gk
AAF R RPN ﬁ“r‘%ﬁﬁ?’”? Trkfa ¥
FEHA wFREar LB LR ’-%'I)E“iq*
S gt 2R BEGRT (TR b

B RAR) D F G Fr T
LR R F]S R I KA AT
B E R R T T TS ‘/‘ﬂ'%; ’

REEE T AT RRA AT
°1{_f’é’*ﬂf*?;’b”‘]‘ﬁﬁ-m;}lwq;-r,q;qiﬁ
%iﬂﬁﬂmﬂaﬁ4oﬂ bR

g,i&»hn;;gqr ;ﬁdbhag}ﬂ\qq,m#@’ﬂ
#‘13’4‘("?,11%7]:?} pf*—ﬁ”‘j\—jl,(
PR F 0 - kT LAY T L &

LI
\4— A= . qu

g*‘“th - SO A R
zpwfﬁlﬂ#%@°ﬁﬁﬁﬁﬁﬂ*ww
PR A o ble[l]P A L e 48
(Support Vector Machine » SVM) &z & ) -7
RSP Y AyEREEY T o A2l Y
- 2R AT A pFHKAMR) ko
dsPIC3OF4011(MCU) ¥ T ORIEL S T N
Lo 4% RS-232 2 TrReEH XA T E
A EES VR FRRBEAFRNET A
Seo[OF M - FESBS AT E 0 AP MR K
KHEFSfor B 500 2 S [13] &
T - fEATE éé,#uhéﬁi (NTL) »+%¢==
RS SN e B R kil > E

{ﬁ;& YFerio

PRl o g

léw‘t'%l%%ﬁ KH KT
#* F) ’ X?’Fggéd\'ﬁwk’%é'j& |3 m/ﬁ
oo B //[;J¢ P AnE R T ER A 0 H

PAFR BrEH 0 3 F aE BRE P EPERRK
'%ILB"I" ’}»"—"’]}_EF% %?wﬁq*/ﬁﬁ/z;’

7 5\ X/Hfr*'r*” el yE e braFmyHhm=r
i%. - BN ER AR RN 2
£ > ¢ * DBSCAN ;i & ; (Density-based spatial
clustering of applications with noise) » ] * F L
AHEORRAESE A - KPR A A F
Ho B b R AR - HABR FRP
FREX-BEE -

AR A A R B S
r#}ﬁ—] BRiehBiah g4 3 ﬂ.{%i/ﬂ%ﬂ:‘
g3 gzﬁ’*’ﬁl%“fﬁ“}\'4-1%""‘f
T A4 P ARFEEST A PR o T
4% S aneE S LA EN S
NP AR ELy ROY R o
Iﬁaﬂ"#fi’fi&{?i@* ek
3 .

mimaggﬁw%%iﬁﬁﬁﬁﬁi
o A FETADBRRET U 2 FRIZE
PFENERBEFOY LI ATHFTH A
12 DBSCAN g2 hfg B B 4 &
éﬂ:}%*ﬂ#fﬁ CilEd G A 2

KA KT - BERRE RRIER
mn%’*;l%p;g P I R T R FER e A Y
TR H A bR A 2 A 'rh‘%"’ﬂ'

\_w.*?

h
LW
e AR VS
—E,nﬁw

\/,75_

T ®=h

i

2=y
\/.;k‘

)

é*‘i'“
o *@.%tm' (413
w @h o
kb

iﬁéw#ﬁwfz%:x‘*ﬁﬁﬁ’
FZREPAPRNSE B R LRRE

S At $1 %5 B e

2. @ R

[713% 20 % 3% 0 - R3] ke sk B i3 34
M +%+—‘ML%EWLG’ FRERA
£ R Bb/);ﬂlﬁ %ﬂ";’ N ﬁi ILE’(:}*H%%E"”]—% ’
AR R i R e e

it B gl k22 BT U £
Wi AH S JIr R R a2 pBE
kg Rancd 75 0 B 2 m?fafr?m
R kaijnt/)ﬁ"gimm%]‘\ [12]5‘ R
g5 ¥ £ 4§ #73] (Markov Decision Model
MDM)12z& = H Ak k sek F 8% 2 di Ry
2 b g 2 g o [11]41* 2 = Supervisory

|

0



control and data acquisition (SCADA) ik s 1% 38
WED A g Alaa s tris 22 A
Bb/}»%l?g,f Sk ]‘?‘\’* g it B
Lo [14] & AN TREEEAARLE L0
(Decision Support Systems, DSS) > ui&% it B
PeFauEL o AR PRI FE G ooE
BlEE AP R R e
Mﬁﬂ—ﬁswwﬁ%#ﬁ:ﬁ*wgﬁ
5 ﬁ_‘—m A zf L I ?,L%s—‘\ , Tg Lx,,
wﬂ”*ﬂaﬁﬁfw‘ gypro R EFET
HELER ’""[2]"?’&&“1“31“'
P AT p “H R (AMR) ;50 )
dsPIC30F4011(MCU) ~ H it & #HSSR) ~ & 7
/? g(CT)ﬂ Q@?‘ﬁﬁz:ﬁ?}:;‘l’wlé% » BoiBE %
Fer R BEOTRETIEY T T G

bissn e amet

H‘é

3. B
R T T TTE A

WRE LY APAETHRE RS R -
AR E 320 At TGN F AL
Sk o R & 33 ¢ 5l . 'DBSCAN TR
[S1[41[15][6] - % 4in] 31 B ¥ @& o 557 % & 21 7

% * DBSCAN B 'wﬁ‘_%“ '#' ]E_ o ;',‘_,;I"u p]{g% 1:, m:F'j?
BB ATEAST (s 0 i+ DBSCAN i & % » 2
B FE B Lo

L1 mEA RS gL LETEE
(2015/07/01 AM00:00~AM10:00 - )

=g Watt

2015-07-01 00:00:00 15122109. 75

2015-07-01 01:00:00 12911325. 65

2015-07-01 02:00:00 13125448. 79

2015-07-01 03:00:00 13060500. 07

2015-07-01 04:00:00 13057961. 46

2015-07-01 05:00:00 12978214. 59

2015-07-01 06:00:00 12776329. 74

2015-07-01 07:00:00 14045390. 06

2015-07-01 08:00:00 24066295. 62

2015-07-01 09:00:00 29151723. 23

2015-07-01 10:00:00 31569326. 09

[ > J& * DBSCAN
NS
i& * DBSCAN{S 2. FF
£
“
gl 1 Py 7L /rl ﬁi

1 FHE xmerch

j‘iﬂw”ﬁ'l%?mﬁ‘flj\/}ﬁﬁé—@} %fg
GG FRBE R RRIKA AR PP
ITE 7\?}%&??"&%%?—1 s frag ik E 4‘\."}’;{}\‘
Lo g BAFF kMY K
%°f—3\"lf4ff'x’}i€_}é]7w":r”;’|“f—7llﬂﬁ3 5
LT L B A R ehT 4 R G
FHE BEARELSLLE L3 A ko
\EI\—-‘}F’HW ;-,Ea:?{;m.rgq\, _q]ﬁ}g, o
IR AR AL BN B R TR 0 F R
r'ﬂb:TuLﬁ BehpBaw s T PREEL|ETT A
PR R R EAR S g @ L
SRRV O L

FERS R RAIET PR R
o T R T E TR P A B
FERDY TARLEEFY TR RET R
Hent Z AT HNRFE - TR K b E
T4ki€ 2015 & 2 " BysE TS 2016 & 10
ﬁ%ﬁ#?12%@wwﬁ&%*%¢az@
HELET LT TS ERPR IS
ﬁt“\ﬁﬂii_‘;?f °

B WA Rt D

K?tff Foo REE R F L ihikdy o O
a‘:*iﬁ%i-m:%’* J&{ipﬁ“fﬂ% W %
Ef*ﬁ':ié?dﬂ%,rﬁ'—g::!# b AR T A
FRIEZF LN LR o

}*\

2 FTHF R RAILED

TP RS EATOT A BRR A UEL



Pom EFAL R B TR AT
BRIR AR Y o B LA T B
G f B TAFHREY RED
BF A B TAE T A BRI i A
B FHELAT L FRARB TR &
P - #iE) e
FIFHESR A 0 T A %Y
AP 8 R X &P pEr T A AR Lo
deb it FIRE T TR RMA TR L
eru;t,’;;L?f;ﬂl:iiqgg@g v B ;F:Pﬁf}:i‘; Z (@)
R - ST - TS - Kl

£ 7% gwﬂ WA R ]
E*EFL | HBLE S o &P | e
- %m*Jd#~ﬁ P2 g5

) 3 A ASEE R L TR X TR
F.u%z,g’&o#ufz #F’f"w"’b&ﬁ
v

—
[OCINE
_.

A MExend T EAT R B2
2015 7" 1p 7% 4pehzrp* g
’mxﬁﬁvmﬂfﬁ“—‘? 135+ 08 2=
1 TEF 2w AR um&Frﬁ:ﬁ »lvl},
- TR IR o T BT A AR
By B¢ 0 TN PR f TR g ;J;q_r;:;
LR g > deR] 3 o

Bl 3 X284 2015#2" 1p
$12016 # 1 » 31 p & patt 12 gehdry ¥
T E X A TE oy ghAp ¥ 82015
E£29 1P %ei 1-2015# 27 2p it i
20 v apde) AR 3V g bl - R
TA LTI A E L Bl kE o A
9.+ 12 82015 # 2 7 1p 32016 # 1 °
31p vﬁx«’#?,ﬂq\zgms (R 3 &+
TF R B F TR E 4574 F 1 (LW
3zt émlﬁ?ﬂ‘h) a—-g)fpg;n 252.40 § % 0 i&
¥ 2 FF aphim e Flpt > hAEy P
* 7 DBSCAN eh= #35 B ¥ @ ¥ fir 3
B ndedoR® 4o F A PO R FOTRAT
A eiBip FE >+ RE B 2 hTORIE AL
2 B RSE L TR RR AL 5B
PR BEA 7 3 TR A s FRE R R
F:&* DBSCAN i & ;% » &1 * DBSCAN /&
BEd o AR R TEOLLEL TP &
Uehfc R 0 B s R AE 04 4F - DBSCAN +
AN ARBNEEEORREF R OTRTE A
ERAFELA D LHEBEN L EEDRRE
MATR T P FRIN B2 A ERSLE 00

3.0e+07
!

Power

1.5e+07

L L L L N A
13 5 7 9 1 13 15 17 19 21 23

Time

Bl 2. 25 ~ 4 8 # 2015/07/01~2015/07/04 %
2L EATAB(X s 0 B3] 23 B2 pF s
y%r‘* /}J %i‘ 423 gﬁ)

150 250
| |
=]

d0S$time

50

0
|

5.0e+06 1.0e+07 1.5e+07 2.0e+07 2.5e+07 3.0e+07

B 3. & X 4 8 # 2015/02/01~2016/01/31
B b 128L T EBLE A GRI(XEhL T A
L BCE Sy dhi P E SRS 0 B4o 2015 & 2

P 1P LA 12015& 20 2P L %S 2)

LR
wﬁﬁﬂ&
WAL T
Jio* DBSCAN |« ﬁ;\‘;:éf AR EAETA

i& * DBSCANtS 2 F
w3

R A
EERRTS

EA¥E

Bl 4.8 RJL 15 iR AR )



3.3 DBSCAN % & i3

VR L 2 'fﬁ?#ﬁé\ W BI(® 5)7 7
Ao - BREBNT Y R G HEOSE &
BAFETY UREDIF RS IR AE o

DBSCAN( Density-Based Spatial Clustering
of Applications with Noise)#_- ﬁé MRR G
2{—5/’:;_ %"\Qﬁzﬁfr PESIN /:van pESE L ’); - i?‘
B A ﬁf?’? I e I——J-F’QP’} %‘:‘)%IFL?!
E Ak AR AR RAT RS B

> DBSCAN i & i e L R i A fe o &
—Fﬂh}’ PILE LAk BFREE 0 F 5
DBSCAN £_* % B e 35 N BAg 2 o —
TR P HR(B e A8 8 7 P2 P iR)hilicE 7
AR FIE

# 2.DBSCAN i & ;>

R

ﬁ%l» :
D: 24 NB#H&hFas

e X iF 4k

MinPts @ 3 p &b BL2 #icE

AT RRAEDEL

1. %3 #73 # % 5 unvisited

2. Do

3. "E#E - B unvisited ¥ % p

4. 1%3z p &_visited

5.1f pee-%i 353 MinPts i 4 %
6 TiE - BATAERE L a0 T op e
lager

7. i pheRFTHLEE

8. Fori? & BELp
9
1

She

If p=unvisited

0. &2 p &_visited

11. If pie®EEr 5 MinPts
B % e r i

12. do% p k7 {Tif’lﬁ;tr"ﬁ
o phdlafsd

13. End for

14, 313?] 4 a

15. Else 3z p 5 s
16.  Until 32 § f55e 5 unvisited 7%t 3

kS ?s? it DBSCAN j# & ;2 e9id (71§
B R AFRERTEE PIEL- B
B MR BRC B TR 0 B JF i 2
2?:}5 4l iE x@;fv‘,\,““ l‘]‘ q_mr,}s &#E@mﬁ
FLEE o — B g T~ LT 4 FI(Eps)¥ Eps
N o] B T&? YRS B TR R R

A OTALEE - EH I T PR HT A
2hig b oo B fs RE = g if éﬁ,ﬁgﬂ‘}gmg g2
Bo 2 (SE-BEAMFR AL 2R e ]
2B AR AT A F IR G AR OP
B R A3 P B A
IFA R R R B A E ) TR

ViR i B TR LA
Z 50 F 8L o DBSCAN eruf & iz 40k 2 o

4, BEREFRLH

Rk /R oy IR ARIEAN AFCELE S ¥
2015/02/01~2016/01/31 & H k& =% T 7o m@:
BEATAA  EE Y G 10 Bk
TR AFRIER S *wgoﬂwyﬂﬁ
1 GABRY DB TERRT K UE -
JOREREL AL BB 24 BERE 0 F B
FAET *F FRL 278 4 > i TN ¥
R 3 2 DBSCAN &2 8 » hizBq %
¢ OB o & 2 5 500000 0 Eps o] Zhiic
KE5MB o

A 2015 # 27 1p 3 2016& 17 31
PREEABEMR PR TFHERS Q8L
BT = 38% BE%%5ER Y DBSCAN
REL IR mEP FREREB TR F
LoWmPpEp S L 9 § > * DBSCAN
SR EB AT AR B 5 VAL T R
B L2 AETREE R0 3
pg-ﬁ%&i%.&ri‘ o

Hie 0dhehd? iz LR ¥ gken
B¥c LB5Y O ZELEET 0 i ﬁDBSCAN
S FTHDFTHREY DR AR S E
AR B2 - S FEE L E Y BRI S

Aok B b TR F > 7L

P @aopt o TR E - g
BL ¥ R 2 peh* 7§ &
e EERIN BB p R g*mtua\ii
1 ag Ry P L > p iy
i P Q%IZ#ﬂmn&ﬁx;zé&,ﬂwp ol
VA EEE L sy FEY 2 p R
{wﬁﬂﬁﬁixwxi;ﬁﬁBﬁ*iﬁ
1z PFRRE > VAL PFTE STy o
MEH PN EBED D TFRIALAE
dipen i s EI - FRERE > Vi TS %
ke 34 AESpAE L iR
EERE T AL TSR @ A E TF
L ﬂk_ i ,A\izﬁiﬁmm/v\iil - iR
BERE o P AFEOH TERE - B %P A
LRETEEE a2 ;%ﬁsz&»sp st A F e TR
'f"‘—’TK" NL—- P%:B F‘%Fm

AR =S IN



E ,%F;.‘_,ﬂﬁiig—r_‘: 3Lt TE o H
DBSCAN B~ %~ 17T LB > «cB 7> 7
Aa TERE FRZAETRER R 4
HompP RS AT o

He0dpind 2 Aixm¥Fes £ 8§ g
BEc BRITYOF ZEAET e L enEd
BaghR s s mE PR 5T
VAR = AHZﬁm{alf‘m%%ag,w
AT SR Bt A E R P& A DR
pent TER A AE Ik aE
R VALSITEFEL LA E LY T A

&.ﬁ}@——‘m%"‘*}?—},—;] VA =4 4#,;11—171/}‘3-11
‘éﬂgé\i ﬁ:i’\" . /{}\A\*fr S ) U g o JQ/E; 3 F%
Bpi,aa5@9H4m g%n+a%’

T Hr i B At et A E -
PP AHEERAIAHLLEFRER
R L SR N SR iﬂa‘ﬁ—m
Eh+ AT L Enr I -
A b P PERF o

DBSCAN

[
& & o . o
— i o
=
8
Z B ]
L=
= o OOO o2
]
C: —_
L
o
[
! |
1e+07 2e+07 3e+07 4e+07 5a+07
am09
W5 & 4 8 2015/02/01~2016/01/31 % + 9 g% T £ = DBSCAN A 452 77 %, Ml
PO EEARBRESS L OMIRE [0
S L .
A’\%i%”%’{‘ ﬁ:tf_ 25 I
: 28 v
1 130 o
2 49 5
3 33 ’ 1 2 3 4 3 6 7
4 6 AEGIE
5 18 |
6 8 Emon Mtue WMwed Mthu mfri msat sun
7 6 Fﬁﬁ.ﬂ?'ﬁS%@ﬁ%&?gg&w?ﬂﬁg

FEF - PIE P 2 MIER(X A FREL Y

%{%Qﬁﬁiﬂm&ﬁ)



DBSCAN

(] ] o
] FiN o° o ©
—] dp ]
OO % .
= = —] ~
5 E Fiy e
-
_ T
g _ P =
yan
C’J p—
| | | | | |
1e+07 2e+07 J3e+07 4e+07 S5e+07 Ge+07

pm0O3

B 7. 25 ~ 4 8 # 2015/02/01~2016/01/31 = = 3 g-* T & ix DBSCAN ~ 472_ 7+ % Bl °

% 4-£2§f*+€§3ﬁgﬁ~{ﬂfi 33&} ?TE

2 SRS -

3 5 i

30

108

33

63

23

6

9

N[OOI WIN PO

6

30

25

20

15 ¢

10 +

PES T

Emon Btue Ewed Mthu ®fri msat ®sun

W8 MEA @S 2T 38 TEEAL
FHE - FIEp 2 MEE o (X AL FHRE
y B R L s B i)

T X 3 BLenk AT 4§38 O ghehs 3
47 - o FEAN B THF O TR Z 2
BRI P A PR o BRI T
S EVRIE S I SR TR CRCS L B

AP AR BRABT - R EFF A e
BEEFETHPYTER S ATLEY R

FRRF & 2 45 R R AR
&R A PR

5. &%

B FA AP ¥ A FY &
goau g WAL - Len§lE s AP N ahie B
S T AET A e ¢ ok
S FRA Y T LF G RAE S LA
*PREAL TR K DT A
FEHGAETS 2P F ot AT 4 72 €
B A AE AP DR e

34

[1] 2B ~ R - S8 e i JR B 7 i S 2
FEREREZIEN. F 31 BEILEHSE,
2010.

2] hElE - "ERE BRI TEEH AR AEAE
BRI LR A2 /7 X (2011): 1-67.

[3] Belussi, L., & Danza, L. (2012). Method for the
prediction of malfunctions of buildings through
real energy consumption analysis: holistic and
multidisciplinary approach of Energy Signature.
Energy and Buildings, 55, 715-720.
doi:10.1016/j. enbuild.2012.09.003

[4] Daugherty, P. J., Rogers, D. S., & Spencer, M.
S. (1994). Just-in-time functional model:
empirical test and validation. International
Journal of Physical Distribution & Logistics



Management, 24(6), 20-26.

[5] DBSCAN :density-based clustering for
discovering clusters in large datasets with
noise - Unsupervised Machine Learning,

http://www.sthda.com/english/wiki/dbscan-den
sity-based-clustering-for-discovering-clusters-i
n-large-datasets-with-noise-unsupervised-ma
chine-learning

[6] DBSCAN Clustering principle
http://www.jianshu.com/p/e8dd62bec026

[7] Diakaki, C., Grigoroudis, E., Kabelis, N.,
Kolokotsa, D., Kalaitzakis, K., & Stavrakakis, G.
(2010). A multi-objective decision model for
the improvement of energy efficiency in
buildings. Energy, 35(12), 5483-5496.

[8] Escriva-Escriva, G. (2011). Basic actions to
improve energy efficiency in commercial
buildings in operation. Energy and
Buildings, 43(11), 3106-3111.

[9] Ester, M., Kriegel, H. P., Sander, J., & Xu, X.
(1996, August). A density-based algorithm for
discovering clusters in large spatial databases
with noise. In Kdd (Vol. 96, No. 34, pp.
226-231).

[10] Ester, Martin, et al. "A density-based
algorithm for discovering clusters in large
spatial databases with noise." Kdd. Vol. 96. No.
34. 1996.

[11] Figueiredo, J., & da Costa, J. S. (2012). A
SCADA system for energy management in
intelligent buildings. Energy and Buildings, 49,
85-98.

[12] Klein, L., Kwak, J. Y., Kavulya, G., Jazizadeh,
F., Becerik-Gerber, B., Varakantham, P., &
Tambe, M. (2012). Coordinating occupant
behavior for building energy and comfort
management using multi-agent
systems. Automation in  construction, 22,
525-536.

[13] Li, Xiaoli, Chris P. Bowers, and Thorsten
Schnier. "Classification of energy consumption
in buildings with outlier detection." IEEE
Transactions on Industrial Electronics 57.11
(2010): 3639-3644. Blanchard, B. S., Logistics
Engineering and Management, 5th ed.,
Prentice Hall, 1998.

[14] Pefia, M., Biscarri, F., Guerrero, J. I,
Monedero, 1., & Lebn, C. (2016). Rule-based
system to detect energy efficiency anomalies
in smart buildings, a data mining
approach. Expert Systems with
Applications, 56, 242-255.

[15] V. N. Vapnik, The Nature of Statistical
Learning Theory, Springer-Verlag, New York,
1995



http://www.jianshu.com/p/e8dd62bec026

