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Power Data Mining Based on Non-intrusive Load Detection and Decomposition

Abstract

Non-intrusive load detection and decomposition methods are used to monitor the power
consumption of electricity-consuming equipment in buildings. The power data analysis and mining
methods are used to realize energy metering of various electrical equipment. Electricity sub-item
measurement is not only important for power companies to accurately predict power load,
scientifically formulate grid deployment plans, and improve the stability of power grid systems, but
also helps users to understand the energy consumption of electrical equipment, detect electrical
faults and detect abnormalities in a timely manner. . The non-intrusive power load detection and
decomposition technology is easy to implement, low in cost, and relatively effective, and is suitable
for a wide range of applications.

For problem 1, through the visual analysis of the current data in the equipment data, determine
what kind of changes in the current of 11 kinds of electrical equipment in each corresponding
operating range, and extract the current characteristics of each equipment in transient and steady
state. At the same time, the current and voltage data in the cycle data are integrated and the current
and voltage data for the 128 sampling points are combined into coordinates and a current-voltage
trace is drawn. The current-voltage trace plot is a unique load footprint for various devices and is
important for individual device differentiation. The calculation of power consumption is based on
the equation.

For problem 2, we propose two solutions for different situations in order to realize the
automatic identification of a single device. First, a discriminant model based on multi-class
SVM.Second, based on the nearest neighbor discriminant method. The absence of harmonic voltage
data in the actual data will make the discriminant model based on nearest neighbors more accurate.

For problem 3, in order to realize the analysis of the mixed operation status of the known device
groups, 11 types of electrical devices are first classified. Based on this, the equipment with steady
current and relatively stable current is extracted, and the steady-state current value of the equipment
under various operating conditions is extracted.

For problem 4, in order to implement the analysis of the mixed operation status of the unknown
device group, it is necessary to first determine the type of the power consumption device of the
device group. By accurately discriminating the type of equipment, problem 4 can be transformed
into problem 3, and on the basis of this, the solution to problem 4 can be achieved by using the
equipment classification and linear combination of the above-mentioned problem III.

Keywords: Visualization; SVM; Nearest Neighbor; Linear Combination; Event Detection;
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3.1 B8R 1 RS

3.1.1 LHBEHTHELSR

S T A R
W = P %100/3600
P=UxI
Horb WSz R, A7 42 0.001 kwh; PONINER, BAALN w.

24



1 YD1['W'] = YD1['P'] *100/3600
2 YD2['W']= YD2['P'] *100/3600
3 YD3['W']= YD3['P'] *100/3600
4 YD4['W'] = YD4['P'] *100/3600
5 YD5['W'] = YD5['P'] *100/3600
6 YD6['W'] = YD6['P'] *100/3600
7 YD7['W'] = YD7['P'] *100/3600
3 YD8['W'] = YD8['P'] *100/3600
9 YDI['W'] = YDI['P'] *100/3600

10 YD10['W'] = YD10['P'] *100/3600

11 YD11['W'] = YD11['P'] *100/3600

Kl 3-1 Python i&47 &4 AR5
R YD BRI 2 S A S A A LRI ) s DR AR B 5 14 S
LB THSAC AR L VR BT, 3B 45 R I energyl. x1sx.
%% 3-1 SEi H R E R HuR

1D time W

YD1 2018/1/25 14:55:44 0. 083333
YD1 2018/1/25 14:55:45 0. 083333
YD1 2018/1/25 14:55:46 0. 055556
YD1 2018/1/25 14:55:47 0. 083333
YD1 2018/1/25 14:55:48 0. 083333
YD1 2018/1/25 14:55:49 0. 083333
YD1 2018/1/25 14:55:50 0. 083333
YD1 2018/1/25 14:55:51 0. 083333
YD1 2018/1/25 14:55:52 0.111111

3.1.2 ERBEIEETEITHIE
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ik,
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L, RIS AT G “HFk” RS, S RUE AT AR K, KA RIS AT [H)
AR
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11) YD11 CRI4EEAAL)
FRIERR : GI4E BN A B IS« R MUIRAS, J8T “ON/OFF” g4 . FFERE T,
FLALAR AR, AER T S g A7 AR B B A
# 3-9 G4 BN [FARS AL HL IR
LT K s
YD11 B4k FARHL 53 538

3.2 [a)§h 2 5RO

3.2.1 M4 2% 1 FInloHh

et 1 BRI B A GRS, R BA TR Fa iU R B Sk 3 Bl SR 5 v i 1 3k
AT HIBN T o BARRIIE B AR A TR A TR o T B ARYE SR DR 2 (P, Q) &,

300—

W)

Kl 3-2 11 Mg (P, Q) K
TR A R (P, Q) A7 B FEIFR, 1 HIX R B A E R &S TIRE R
AR, PR AT DR S AR A T AL B A IR 11 MR s BRIREE S, ke R0
S PE S T IR A A A 2B A . JRATTSR A matlab T B AT HRIEABFI /04T« Matlab 45t
AR

close all; clear all; clc
BA=xlsread('dataPQ.xlsx') %S Aexcel #iE

B=A(1:11,2);

C=A({1:11,3);

Eeox: i=1-11
T(i)=sgrt{((B(i)}-1200)*2+({C(i)-200)*2) ;

end

k = £find(T == min(T));
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3-3 matlab Mz TR

& 3-4 matlab iZ{78 &
FIAEER: W& 1 ISES YDS BT, RIHIZHIWr A YD
iz FH - R U AT SE, AR 1 IPUEIE], NA R YD8 KK,
A ARAL, k2 B 8 T A 0 Rl 45 S TR

< 10* Vi A U- I 5 X 104 YD8 4k 1 He AL E

-1.5 -1 -0.5 0 0.5 1 3 -1.5 -1 -0.5 0 0.5 1 15
e i %105 HE «10°

Kl 3-5 i HL AL H R A P B LE e 6 1
3.2.2 Bt 2% 2 FIR 4R

BT SUM FIBAETRVE AL S ST AR AR AR 1 2, &3k SWE 2 2R 7y
FRAFERARAE 93. 08%. (HAAEXHIT 2 s ISR IEAT FIBI A B, I 2 AgBia 1 A4
Hymsh R, W L A FEI A SRR B A AR sR Rk, BT SVM I AR o (R RFAIEXE DL
R P RACR . AEBIRARGK TGO, BATIAF 2 Frgisess 2 BEAT R, P15 45 ROy
Fr 9o HHT 3L SVMCHI IR i KB R 1 1 A D9 P RFAIE » 110 S B 3edfa s A7 A Bk 2R
FATAESL A E B 1 5 Sl SR AR A o BT SVM IR AR TR 12 FI I /& py thon SEHL.
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1 clf = Nu_svm_clffit(X_train, y_train)

C:\Users\Anaconda3\lib\site-packages\sklearn\utils\validation.py:526: DataConversionWarning: A column-vector y was passed when ¢
was expected. Please change the shape of y to (n_samples, ), for example using ravel().
y = column or 1d(y, warn=True)

1 clf.score(X_test, y_test)
0.93087557603686633

NuSVCHID SEIfERZRE03.08%, [ERIFSRIHED3aEID ISR,

Kl 3-6 1z H python YIZREALFENIASE E i

1 clf predict(test)
array([9, 9,9,9,9,9.9.9,.9.999%9252%9239,.:5

9, 9:9.9919:9,99,9,9.9 8992985,

3 9:9.9'9,19/9,9,86,.9.9.9'99 9 98,
9.9.9,9'999%9425§829.9.9'99.:3949 79,
9,99919989292929299989939:,
9,9:9.99999299,9.9 99,9939,
9:9:9.9'9,9999.9,9.999 999,
9.9.9,99992929\29.9.9199.:3949%,
9.9.9.9994959949436.9 9195993,
9,910,9,99,9.9:9.9 99 99,99, 29,
9:9.9.9'99 9 9,9 910 '9 9 9 9105
9,99 9 9 9 9 9 9] dtype=int64)

B 3-7 2 IR AT BE 5 2 2 AT R 51
Xt 2 FIRI S5 RO YD9
i - S PO AT I, N A B T BLEE, N A EDY YD9 MIBLE A,
FEH AR, BB U IR T SYM AR 50 45 SR 2 IE R ) -
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3-9 WA 4 IRE HRPIT

MR YE EaR R o BB, 78 CRN B R BRI TE LR, I B AT 4B 7, SRt

N RS IR BB AR AR B I3 T, 32 FER A2 A 1) AR 0 B AR DG AR an R o AR5
S P BB L energy3. x1sx.

3710 WA 4 H BRI

i [i] W TAERSE E (S
2018/1/30 15:35:59 YD2 K
2018/1/30 15:37:02 YD2 ik JA 5l
2018/1/30 15:40:01 YD2 H K RS
2018/1/30 15:43:09 YD2 PR K
2018/1/30 15:43:34 YD2 ok A
2018/1/30 15:46:47 YD2 HE ek UL S
2018/1/30 15:49:21 YD2 S| K
2018/1/30 15:49:50 YD2 Rk JA 5
2018/1/30 15:52:45 YD2 S| K
2018/1/30 15:35:59 YD8 5 b
2018/1/30 15:36:54 YD8 piliE: =]
2018/1/30 15:44:10 YD8 il IES
2018/1/30 15:47:07 YD8 gk A ES
2018/1/30 15:49:21 YD8 PIIEES IES
2018/1/30 15:52:24 YD PR K
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A S FH BB L energy3. x1sxo
311 A 5 BB AERIEILS

i [E] W TAERS 738
2018/1/31 17:05:11 YD3 I IZE)
2018/1/31 17:10:51 YD3 PRl K
2018/1/31 17:13:18 YD3 I IZE)
2018/1/31 17:05:11 YD5 I IZE)
2018/1/31 17:13:11 YD5 PRl K
2018/1/31 17:16:36 YD5 T JA 5l
2018/1/31 17:17:56 YD5 K KM
2018/1/31 17:05:24 YD11 I JE B
2018/1/31 17:17:56 YD11 S b A
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S B BB L energy3. x1sx.

*3-12 WA 6 FR RIS

e [ &3 TAERS B
2018/1/29 14:32:41 YD1 K
2018/1/29 14:38:03 YD1 1 £ =]
2018/1/29 14:43:08 YD1 PRl KA
2018/1/29 14:44:12 YD1 1 £ =]
2018/1/29 15:03:52 YD1 PRl KA
2018/1/29 14:32:41 YD2 K
2018/1/29 14:35:29 YD2 SR i)
2018/1/29 14:37:49 YD2 KA ESL]
2018/1/29 14:40:27 YD2 Rk A3l
2018/1/29 14:43:08 YD2 KA ESL]
2018/1/29 14:49:29 YD2 ok i)
2018/1/29 14:52:06 YD2 PRl KA
2018/1/29 14:54:44 YD2 HR K JA 5l
2018/1/29 14:57:41 YD2 PRl KA
2018/1/29 14:59:46 YD2 fiek JA 5l
2018/1/29 15:01:22 YD2 PRl KA
2018/1/29 14:38:01 YD3 PRl KA
2018/1/29 14:41:02 YD3 T i)
2018/1/29 14:42:43 YD3 KA ESL]
2018/1/29 14:47:30 YD3 I ESL]
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2018/1/29 14:53:31 YD3 K i)
2018/1/29 14:32:41 YD6 K

2018/1/29 14:38:03 YD6 TIF i)
2018/1/29 14:40:25 YD6 PRl KA
2018/1/29 14:42:49 YD6 T JA 5l
2018/1/29 14:53:31 YD6 PRl KA
2018/1/29 14:32:41 YD7 K

2018/1/29 14:33:46 YD7 T JA5)
2018/1/29 14:35:38 YD7 FTEN RS
2018/1/29 14:36:04 YD7 gh ZELS
2018/1/29 14:37:17 YD7 HE] Ik
2018/1/29 14:37:37 YD7 gh ZES
2018/1/29 14:43:09 YD7 4 ZELS
2018/1/29 14:44:15 YD7 ZhR ZELS
2018/1/29 14:48:23 YD7 S E ZELS
2018/1/29 14:48:58 YD7 ghR RS
2018/1/29 14:54:09 YD7 FTEN RS
2018/1/29 14:55:24 YD7 PRl KA
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2018/1/31 9:24:32 YD1 K
2018/1/31 9:25:30 YD1 1Y JA5))
2018/1/31 9:29:27 YD1 2 B IEL
2018/1/31 9:33:47 YD1 34 IEL
2018/1/31 9:34:56 YD1 PRl K
2018/1/31 9:37:24 YD1 34 =]
2018/1/31 9:39:39 YD1 PRl K
2018/1/31 9:24:32 YD5 K
2018/1/31 9:25:26 YD5 e JA 5l
2018/1/31 9:39:52 YD5 KW K]
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2018/1/29 16:38:02 YD1 KA K
2018/1/29 16:40:16 YD1 2 14 JaBh
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2018/1/29 16:43:25 YD1 1B JA )
2018/1/29 16:55:27 YD1 3K JA )
2018/1/29 16:56:24 YD1 2 4% =)
2018/1/29 16:56:52 YD1 1 kY JAzh
2018/1/29 16:57:05 YD1 PRl KA
2018/1/29 16:26:13 YD2 K

2018/1/29 16:27:58 YD2 ik k =]
2018/1/29 16:29:13 YD2 PRl KA
2018/1/29 16:29:39 YD2 ik k =]
2018/1/29 16:30:02 YD2 %k ES
2018/1/29 16:30:56 YD2 Hk UES
2018/1/29 16:31:49 YD2 K K
2018/1/29 16:32:01 YD2 gk I
2018/1/29 16:33:37 YD2 K K
2018/1/29 16:35:03 YD2 W ES
2018/1/29 16:35:27 YD2 K PIES
2018/1/29 16:38:02 YD2 PRl KA
2018/1/29 16:52:01 YD2 K PIES
2018/1/29 16:52:54 YD2 HE K IES
2018/1/29 16:53:31 YD2 Wk PIES
2018/1/29 16:54:07 YD2 HE K IES
2018/1/29 16:54:43 YD2 ik UES
2018/1/29 16:55:27 YD2 K K
2018/1/29 16:26:13 YD3 K

2018/1/29 16:27:02 YD3 A =E]
2018/1/29 16:33:38 YD3 AR kS
2018/1/29 16:38:03 YD3 A kS
2018/1/29 16:39:57 YD3 [Z3 g
2018/1/29 16:40:18 YD3 L Ee IES
2018/1/29 16:50:47 YD3 % g
2018/1/29 16:53:31 YD3 L Ee IES
2018/1/29 16:56:01 YD3 PRl KA
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K 3-14 W%l 3 IRA iR
X vces A 3 a5 A B IR I 7k, FN R 4 3 A YD1 YD2. YD3. YD5 Al
YD11o 256 ARG of — R I JEL R AR A3 0T I (1 B VB S (R S
F3-15 B4 3 B EREIC S

i [i] & TAERS G (S
2018/1/31 17:50:11 YD1 1A
2018/1/31 17:53:53 YD1 PR Ei]
2018/1/31 18:02:25 YD1 3FY IES
2018/1/31 18:19:01 YD1 PR Ei]
2018/1/31 17:50:11 YD2 [P JA 5]
2018/1/31 17:52:48 YD2 Rk UL S
2018/1/31 17:54:05 YD2 KA K
2018/1/31 17:58:53 YD2 ek JE 5
2018/1/31 18:01:36 YD2 KA K
2018/1/31 18:04:05 YD2 HIkk JE 5
2018/1/31 18:06:46 YD2 fikk UE
2018/1/31 18:08:25 YD2 PR Ei]
2018/1/31 18:11:39 YD2 ok A
2018/1/31 18:16:59 YD2 PR XK
2018/1/31 17:50:11 YD3 197 A
2018/1/31 17:53:32 YD3 PR XK
2018/1/31 17:55:19 YD3 197 A
2018/1/31 17:58:16 YD3 KA K
2018/1/31 18:00:22 YD3 TH JE 5
2018/1/31 18:01:32 YD3 KA K
2018/1/31 18:03:56 YD3 TH JE 5
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2018/1/31 18:06:49 YD3 S0l K
2018/1/31 18:16:50 YD3 I Ja 30
2018/1/31 18:19:36 YD3 K] K
2018/1/31 17:50:11 YD5 R
2018/1/31 17:58:53 YD5 T
2018/1/31 18:01:07 YD5 R
2018/1/31 17:50:11 YD11 HIF Az
2018/1/31 18:00:36 YD11 Gl R
2018/1/31 18:12:18 YD11 HIF JaEh
2018/1/31 18:17:32 YD11 KM Kk
4. 51

18 FINLAR 2 = DA B o A A JEAEGE NTLMD 3 B R 381 ) B A e b 1 W 70 8l kA7
M AZIE, AR oA AN R v RS T R . — DT, L mHERR T
DR g BRI 2 BT 5 IR ARG AT S ARG R G S —T5 T,
xRS RO TR AR SRS O, RhA SRR A, R R . AR R
. MG EMERA B AR, JRE AN AR B . ZREIEH SWL fRITAR. L. 2l
o FHAEVLECEE IS, X8R RsE 7 — B kIrik.

TP A A A SRR S mr BV, AN NTLMD 2% B3R5 b, S s — % 1
RHE, BERS BN AR RN B — e BOHERR )] o« FESLFERL b, 258 R A AT i, W&
AL R B IS H A N IR AEAN RIS T 4L A5 3 o AR e &% BEAT R 1E 7 AR AIE
GiihELal b, 12 2RI A B EARRENS SEIUN AN A 2 A AN R BB IRES IR G 0. A
BB TR RS A BRFIE P, R R RN S ALK 5 2 BEATRFAE LI, fEfS
SEHLS AR R AL N B R R HER A AL, PRI R AE A SR EAR, e
SIS AR e 2 AL A A [F BB RS ISR T

AR BRI AT AR T, AT TORERBR R P LTI AR, S
B P A RS0 R PR , BN 0 S A2 BRI SR AR ] R ELE AT
SRMIAE SE PR A I R B B — L PR, JCHGRAE AR e fie e A B IR R BRA TR DL T 2
o, FTRE SN B I R AT ARG A et o . £EFINR & B A R S A IR i
i, BATRA ARSI & RAE SRR I8 2 Ak R SO 5 Rt AT R0 KRR 55
o HRHAEREAT YR > SRR AT IR, AT P e s LA A B Jm AT T LR A CNN
7T R 2o A S R SR, — T 52 LE SR RO BR ), 2 A A AR £ 1 75 A
M2 BT RIR AN ¥ o AEJRERMIWE Fe 22 S IR 2w, AR 2l (8 F 2B e e S8 i, X6
F b e ARG HE SN E S A IR R 5
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