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Non-Intrusive Load Monitoring Model Based on Multi-Algorithm Fusion
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Abstract: Despite extensive research on non-intrusive load monitoring(NILM), existing models face challenges in accurately predict-
ing multiple operational states of appliances, leading to significant decreases in prediction accuracy. To address this issue, this paper
proposes non-intrusive load monitoring model based on multi-algorithm fusion. Firstly, the REDD low-frequency dataset is
preprocessed using time-based interpolation and oversampling. Secondly, the model employs graph convolutional networks(GCN)
and convolutional neural networks(CNN) to extract power features, which are then fed into a self-attention mechanism and long short-
term memory(LSTM) networks. This effectively captures the key features of the input signals, thereby improving the prediction ac-
curacy for appliances with multiple operational states. Finally, simulation verification is conducted using the preprocessed REDD
low-frequency dataset. The experimental results indicate that the proposed model outperforms comparative models in terms of MAE,
SAE, and R’, demonstrating its effectiveness in load disaggregation.
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Fig. 1 Operating power curves of four electrical appliances
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Fig. 3 Model structure diagram of this article
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KT E s rny s CanvkAs . g assds), WERH
BRI T E, LA S 4 b A £ K 300 110 B A A Al 8
Ko BREBEN UMEEEA, BORTE 1 2 8] iYL
P, AT 52 2 M 352 BORE A Sl 3 ik ] e 51 a2l
K BEBRE WK 2,
F2 AEEFIEIEOMNKE
Tab. 2 Length of sliding window for different appliances

LR Y 7] Y < N 1 €738 (LG S AV S SR v | RN 2
KEL 1500 496 128 200 256 1250

T Bl P R B ) S B A B AT
FPa, 5 B AP O B8 0 R AR AR, L HE R
A s A IR RRAS YIS R R 2] AR
YENBERIR A, AL R AR TR0 B 8, A
ViR SR A N S Bt e S WA B s I U k-3 0]
FUR/IN, B RRAS 38 A [F] FL 25 1Y) T 56l R AR AE
P AR REFIZALBE T) o FE 2 AR A T AR
I, WS E I REAE T B AL H ) o R S 0 (1
B, A FL R (] A AH B AR, dE i e
B far o it ARG 2

T — AR IR R, AR SO R 4% rp ) R
ST T MBI, AL PSR P A A (F) |
GCN P )2 4k B2 (G) Fl LSTM & )2 il # 22 e B
(H)o 82 WKy 20X S S50 A7 1 4 il
ok, F MRS RS B AT I e T AERIE
L RIBAENSEUA S SHAE0ES,

#3 HASHIEE

Tab. 3 Model parameter settings

GCN [ )24E  LSTM BEomt)2 i

HLES A PR BTGRP G AR
(e 8 8 1024
VKAH 32 16 1024
VEMIHL 16 16 512
L 16 16 512
VEAHIL 16 32 1024
EN i 8 8 512

3.4 ELWERST

RT B EASCHR AR L, RS
BiLSTM. SGN. GRU. Seq2Seq. VAE., CNN_At-
tention LAY HEAT T LU A AT o AR SCRRE ALt Y i Ach 24

JE B IEAT N GR . 32 4 JBIR T A SO RN Ho A
AIYE REDD #0454 B scm g R . HrpYERe it
B FAAAR R R .
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LRI 6 FHELER I M ME . S, THM R $845 L3 T
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B ER T SGN R 16. 91 F1 11, 20, X 460k gk 3=
PG 55 T BRI PR 28 N 8 AT H 0T L e (] DGR PR (A
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N4 L EAR S T U R R R PR . R
TCAZ W 48 A B ] 3 AR R G 2R 7 T2 30 R
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DI, AR SRR R P 36 B 28 I 45 K e 3005 212 9
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AT Ah BN ) 218 70 R 88 671 g s 00 ) A1 R 0 o
vz A fe A Rk
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SECLRHERRIAE AR, ST AR L M
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ey 2R 2 A H SR CINYE AL AN HL ), LT
DNAS FE HEAIG . SGN B AL o 24T 45 2% ] e AL HE £
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i CAnpk AR ) B, AR A AR RE w5 T 2 8 ot ) 5
fFE, SEHMEfEZIR . GRU SR M 14 L H 2%
fife T RN LAY [ 60 B 2 (], (HL7E T % &2 4= )
R LRI R R AT PR35 2% . Seq2Seq B AL LE AL K ¥
GIEHE 7 R IR A, (B H AN B £ TARIR
A5 A 7 Ty 3% i 2 1 R R (A vk A8 R HLBE 2 )
FLTIRS B AR . VAE BEAY R —Fp 3L F IR 2% )
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Gt BAHXT R 2y, WEAREHBIEETIIS, BB
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A2, CNN_Attention 12 8{ F 1)) CNN JC ik AR 47 Hh
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Fig. 6 Model prediction curves diagram in this article
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Tab. 4 Model comparison results

FiAY gg\% VEBIL VKA T L BEAHL I 2 P
My, 39.90 79.43 49.82 37.97 35.82 42.65 47.60

BiLSTM'™' s, 0.65 0.71 0.55 0.62 0.58 0.68 0.63
R ~0.90 =0.14 ~0.90 ~0.87 0. 11 0.03 —0.48

My, 11.20 38.16 16.91 13.64 19.83 18.79 19.76

SGN™ 5. 0.31 0.45 0.52 0.38 0.50 0.47 0.44
R 0.67 0.46 0.43 0.62 0.40 0.44 0.50

M, 18.41 78.43 33.48 24.85 25.64 23.42 34.04

GRU™ 5, 0.40 0.68 0.60 0.49 0.51 0.48 0.53

0.29 0.06 -0.11 0.32 0.25 0.28 0.18

R
M, 13.24 40.85 22.74 18.64 21.61 27.39 24.08
Seq2Seq "’ S, 0.35 0.50 0.58 0.47 0.53 0.60 0.51

R 0.43 0.13 0.24 0.38 0.30 0.20 0.28
M, 12.73 42.35 16.68 14.52 20.63 21.57 21.41
VAE® s 0.32 0.47 0.47 0.38 0.45 0.48 0.43
R 0.42 0.22 0.53 0.47 0.35 0.32 0.39
M, 26.86 40.09 17.73 19.21 19.25 20. 11 23.88

CNN_Atten-
tion?! S, 0.45 0.55 0.50 0.52 0.51 0.55 0.51

-0.22 0.33 0.39 0.36 0.38 0.34 0.206

10.24 37.06 12.38 11.76 17.23 18.52 17.87
AT s, 0.23 0.37 0.46 0.35 0.42 0.44 0.38

R™ 0.72 0.61 0.65 0.69 0.58 0.55 0.63
R5 HEIEWER
Tab. 5 Results of ablation

Btk M, Sap R
SRR 17.87 0.38 0.63
#BR BiLSTM 23.95 0.49 0.29
LR self-attention 19.98 0. 45 0.51
R GCN 19.76 0. 44 0. 49
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