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Abstract

Traditional monitoring methods have been severely limited in application due to cost and
efficiency. In recent years, non-intrusive load detection systems only need to install a sensor at the
total incoming line of a single-family home, through the residential power entrance. The total
electricity consumption at the site is decomposed to obtain the electricity consumption and
working status of the specific load, which not only can reduce the monitoring cost, but also can be
used to guide the user's electricity consumption behavior, which in turn facilitates the electricity
users to save electricity and achieve energy conservation and consumption reduction.

In this paper, we use MATLAB to carry out wavelet noise reduction processing on the
relevant data and remove the abnormity point and other preconditioning steps.

The first problem is to analyze the preprocessed data, extract the transient characteristics of a
single device, the four characteristics of active power and reactive power, current harmonic,
voltage current track (V-I trajectory), and give the calculation and extraction method of
characteristic eigenvalues of each load. The formula is used to calculate the real-time power
consumption of each single device. The results are detailed in Annex 1.

The second problem, we establish a model to identify any single device. The similarity
degree based load identification model is established by the four types of load characteristics
extracted by the first problem. Firstly, the feature similarity is defined to represent the similarity
degree of any two equipment under a certain feature. The entropy method is used to determine the
similarity weight coefficient of each characteristic. Finally, the feature similarity is weighted to
determine the total characteristics. Choose to match the highest similarity device with the
unknown device. Finally, a formula is applied to calculate the real-time power consumption of the
unknown equipment. The results are detailed in Annex 2.

The third problem is state recognition based on event detection and non-intrusive power load
decomposition. First, the time point of the event can be detected. In this paper, the change value of
active power is used as the basis of the event detection, and the process and the specific processing
method of the algorithm are given. Then the 0-1 programming model is established for multi load
running status recognition, and a non-intrusive load identification algorithm based on continuous
0-1 two times programming is proposed. The device group of the known operation records of
Annex 3 validates the effectiveness of the above method. Finally, the real-time electricity
consumption estimation model under multi load is established, and the real-time power
consumption of each device is calculated. The calculation results are detailed in Annex 3.

The fourth problem, using the decision tree based non-intrusive power load identification
method, proposes to use the decision tree algorithm and the database to realize the load
identification from the sampling data of different combined load running. The characteristic
parameters of the load identified by the load identification are compared with the characteristic
parameters of the known load in the database, and the nearest similar identification results are
selected to determine the equipment composition of the equipment group, and then the state of
each device is determined by the 0-1 programming model of problem three. Finally, the real-time
power consumption estimation model based on multi load is applied to calculate the real-time
power consumption of each device in the device group. The results are detailed in Annex 4.

Key words: non-intrusive: load identification: load decomposition; event detection; decision
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YD 8 16.397 0.021 0.031 815.209
YD 10 0.977 0.009 0.087 2.386
R 7 WA 5 RALH V-1 P RAE
V-1 HUTERFIE L5 TR 2485 T A f ] Fi, B A 22
YD 2 72.398 0.017 0.073 68.673
YD 7 57.096 0.066 0.068 0.231

2. DIZRFFE

A ThIh 2 F g 38 AT 10 1) FE A Th R, S 6 iy g i e BEL U R 37 R b R TG A2 [
FAAL, WIAFEETL Y r . X Taiyu A8 90 fE, NP AFEA IR, HE, HT
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AN, A OCE B IR R RO . RO & A E BRI, l%$1ﬁﬁ?2m%nmaﬁ
BRI, THE SO & A R, 5230 F R, B—ATHEHEE &
9k VRIS S A R IIEME (k = 2,3,4,5,6,7,8,9,10,11) -

8 B K R SHRIRE

R | 2% 3% 4% 5] 6 T 8 9, 10k 11K —EH

YD1 | 99.68 99.71 969 98.28 9451 89.62 9851 98.19 9549 096.21 305.958
YD2 | 99.2 99.44 958 969 99.32 98.6 98.04 97.98 97.89 99.33 310.714
YD3 | 999 945 9648 99.01 935 9743 9754 93.74 97.31 96.84  305.622
YD4 | 21.06 96.19 196 88.75 1847 8288 1743 76.13 1501 62.38 188.104
YD5 | 97.15 99.85 97.84 99.45 9564 99.68 99.54 969 93.93 9494  308.364
YD6 | 97.83 9298 97.89 94.48 96.08 96.67 84.73 94.65 98.6 97.28 301.039
YD7 | 79.93 94.24 36.77 8392 19.74 78.01 1949 73.88 13.26 58.86 199.043
YD8 | 99.51 98.09 98.93 92.82 98.65 97.63 92.07 98.63 99.54 98.93 308.366
YD9 | 17.75 53.85 3485 62.77 2588 31.83 3273 37.85 4227 46.98 128.647
YD10 | 66.59 38.27 38.37 2188 144 20.07 867 2251 1096 135 96.665
YD1l | 6.14 3141 6.05 10.67 464 1531 453 1742 401 897 43.025

AN TR B Ar 72 A (P AN R, 383 67 A PR L B R AL PR U8, T SR A7 fmr RN . B
PG, GERRAT . BOKEE, FEA R ARRRME SR, QR FRRUE PR AR R

o HWSH T BB S A R, 7TLES YD1, YD2, YD3, YD5, YD6, YD8
= =K A FIER T 90%LL E, 1H YD9, YD10,YDI1 i & & 2K 90%,
ALK X A7 A [X 43 TR

NFER S GTEA T TAERES T IS A R B, RO T # 3% & AR TAE
RE TR &A% 2. Hh B ER %S AEEZAAL, ks 1L ARk
B4 RSFN B RS, RASWIT:

R HENTERS PR EFARTE

7 7% KM Az 1 Az 2 A 3 A 4 M1 5
YD1 763.2436 1.21656 0.97821 0.24295

YD2 702.8478 768.2751 0.582456 0.58845 90.05154 42.24794
YD3 777.4941 703.4177

YD4 17.23165 555.0503 480.2903 474.9479

YD5 582.9355 0.088918

YD6 583.3648 220.6958

YD7 8.813617 480.7053 473.4962 75.56688 32.17358 1.453375
YDS8 166.9674 290.4106 0.128187 175.1147 274.4583

YD9 36.81396 38.92979 51.2206 38.28987

YD10 16.59171 107.8209 0.063964 12.29556 8.93058

YD11 9.557222 5.628287
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ZERIERATE R, RIS AR B LR, mxtT—A &kl Fla YD4, 1 %fE
KPR R & R 7 Z 1800, ARG VIR 1 RSB & R RGN, & a S5 RS0
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PRERARERESE, AE BTSRRI .

SR AELI2A R T ASARALURE OB AR HoD B0 T
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N T IR, UricAE s A E# R S
2 HIR=(5)., WHESI I 48 bk 50 ] MRS iiEsR i E f

r

fi’: ij ,i:LZ,---,m;'=l,2,“-,n (23)
J z.nilrll J
3 EI VR IRAS f i B
Hio=—K> 0 fyInf, j=12-n (24)
4. 2 HARHIRE R AL
W, =# i=1 (25)
m_Zilei

T FIRREE, SRS RRRE AR FIAE, w=(0.151,0.342,0.375,0.132) -
5.2 BAIE

S ARVCLIEE 10 A7 A7 PR A R R 2% SR AR LS IBR AN 21 1 G i Ry Al ARABLE ) —
AN EARUE, AR R

= W, P S W +w,H2 (26)

ix; 2 2 2 47 Tix
Z,-Z, V, -V, X, =X,
Zi Vi >(i

Hrp, z FORN B YDI 18] AR ) 5
FNAFIBE £ YOX I 8 AR 7] B
Vv FNT A YDI 1 V-1 FUERHE 7]
] FORAFI B YOX K V-1 FUZERFAE [

i IR YDI AV BAFAIE 1A

) FER AR5 4 YOX FRIE U R AIE 1] e

o —— BN RRIBE % CL IR A B T Eh T B2 E AR AL S

T IR VAL PO A B R A A T, BRI X, AT X, IR DR R -
R 10 FFIBE 1 RIBLI V-1 BOTHRFAE

YA
\

X
X
H

LIRS 2 TR A% TR Wk S HL B AR HE 22
X1 1.642 0.022 0.054 64.249
X2 1.277 0.049 0.079 13.390

R 1L AR BEE 2 AL V-1 BUBRHIE

LIRS 2 TR HX TR i I HRL B 2
X1 31.4444 0.066 0.083 0.168
X2 5.108 0.061 0.073 16.166

R 12 B 3 RALE V-1 BT



FHL YL %5 T THIAR YN THIAR Mk o P S b 4 22
X1
X2 3.314 0.032630025 0.08610039 12.973325
R 13 A& K REEESERIBE
R | 2 3 4 5 6 7 8 9 10 11 e
X1 098 099 097 098 088 095 098 088 099 094 3.01947
X2 1557 54.12 21.21 49.32 153 3493 17.81 29.42 1572 29.94 99.16741
R 14 BENTHERS TEESERAE
J7 7% KIAE 1 2 3 4 5
X1 0.047832 0.02007  7.51E-06
X2 0.047832 0.080229 0.046945 0.037575
5.3 BLRIRME
T S B A ARG IR, SRR X X, 5% 1 24 11 FAERLER
TR R
£ 15 fFIRE 1 MAEMELER
FEABLREE A RAEA V-l BUBRHE A DI R I T WEBAHBIEE AR
fLLRE FEABLEE Z0F ELAHALRE
& 1—YD1 | 0.321 0.302 0.945 1.000708 0.63868
B 1—YD2 | 1.228 1.134 0.675 1.000417 0.98893
& 1—YD3 | 1.147 0.920 0.961 1.000407 0.99420
W& 1—YD4 | 0.434 0.973 0.782 1.000839 0.81413
& 1—YD5 | 0.321 0.305 0.956 1.0011 0.64316
W& 1—YD6 | 0.148 1.265 0.943 1.000979 0.89269
W& 1—YD7 | 1.320 1.176 0.910 1.001123 1.09019
& 1—YD8 | 3.001 0.664 0.898 1.002281 1.26949
W& 1—YD9 | 0.297 0.346 0.928 1.010204 0.64403
# & 1—YD10 | 1.361 0.786 0.926 1.006951 0.98783
# & 1—YD11 | 0.604 0.515 0.955 1.034707 0.76915
16 FFHE 2 MAELES R
FEABLRE BAFFAEA V- Pk BRI WERAEME  SAERE
BLRE IEABALRE RN LA AR
B4 2—YD1 | 2.488 0.772 0.9585 1.01977 1.22088
W 2—YD2 | 1.013 1.047 0.7076 1.011319 0.931428
W& 2—YD3 | 1.009 1.003 0.9296 1.010978 0.983971
W 2—YD4 | 1.386 1.278 0.8192 1.021115 1.110883
W& 2—YD5 | 2.021 0.753 0.9456 1.031931 1.120526
B 2—YD6 | 0.609 1.041 0.9594 1.027882 0.927835
W& 2—YD7 | 1.038 1.197 0.9267 1.029494 1.050958




W& 2—YD8 | 1.039 0.976 0.9022 1.073814 0.986183
W 2—YD9 | 4.198 1.025 0.9735 1.510558 1.741483
W% 2—YD10 | 1.018 1.044 0.9365 1.156208 1.029209
Bee& 2—YD11 | 1.187 1.146 0.9492 0.881266 1.042491

MRAPATELE e RABLE X, 58 8 AL Femr,  RIREIC# X, M 8; RAN
Bk X, S 9 AU i, BIRAIBLR X, A& 9.
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