¥ 465 %4
2026 £ 2 H 20 H

eh CEN IR N ¢
Proceedings of the CSEE

Vol.46 No.4 Feb. 20, 2026
©2026 Chin.Soc.for Elec.Eng. 1337

DOI: 10.13334/j.0258-8013.pcsee.242006 X E4wS: 0258-8013 (2026) 04-1337-14 FREISHEE: TM76 ICHMFRIRTE: A

Z RO RS S FHEXER

ERARIY

! Gafar w

kit MREEL FEMET KRR Fsd

(1. #MKFORAIEL HHLFR, @EHE 4T 350108;
2. RIBRARKFLIAZFIR, 2EH #@MTF 350100)

Non-intrusive Industrial Load Monitoring Considering Load Power Characteristics and
Timing Correlation
ZHANG Yi*, CHEN Jintao', LI Chuandong?’, ZHANG Liangyu®, SUN Shouquan®

(1. College of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350108, Fujian Province, China; 2. College of

Mechanical and Electrical Engineering, Fujian Agriculture and Forestry University, Fuzhou 350100, Fujian Province, China)

ABSTRACT: The implementation of non-intrusive load
monitoring for industrial users contributes to power
demand-side management and enhances energy utilization
efficiency. To address the scarcity of sample data in industrial
scenarios and the limitation of existing methods that don’t
account for industrial production process constraints, a
non-intrusive industrial load decomposition method is
proposed that considers the load power characteristics and
timing correlation. Firstly, based on the time-varying
characteristics of load operating power, the load is categorized
into three types: switching load, multi-state load, and
continuously varying load. Secondly, since the first two types
of loads have stable power states, the integer programming
method is used to establish the load power model by
considering both active and reactive power characteristics.
Thirdly, by extracting the actual production cycle of the
enterprise and considering that the power of continuously
varying loads has a continuous consumption range, the matrix
factorization method is used to establish a load power model.
Finally, considering the effects of base vector grouping and the
constraints of load timing correlation under production process
constraints, load decomposition is achieved by combining and
solving the two models. The algorithm is validated using public
datasets and measured private datasets, and the results indicate
that the proposed method has higher accuracy and better
engineering practicality compared to existing methods.
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Table 1 Comparison of load decomposition errors for

the IMDELD dataset
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23
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Fig. 5 Load decomposition results of the proposed method

i []/min
(f) WEEEHLAHYT



34 W

SRIRAF: 2B R D AR S I A S A AR N S b S A 1345

R LA, B TR, AR bR
WA T SCHR[26) T2 I LAk, fEHAR S fr b, A
SCHERIPEREFR AR B AR T HA T R & kAL,
B 7 AR B LR I I o fR S5 S, X i Tid
RIHULE A Ffar o B Dh 36 o b K, S RHIE Sl
B o X TR ES , AR SCHEH AL
() B el AH S IR S INFH R, A 3 e 1 BB L
fih 2 FOTIERA BRI . KT 2 MR, AR
A 25 FEA DA TCTh T3 2 ANRFAE, ey Hh ikt e
T D) EFE S 5 T DA A 2 B I R ]
XEFREEENL, 5 SCHR[35] T4 ik, Kt BE AR
NS AT AT 0, B B(e)nT A1, TAE
B, BB TR STE 3 AR TP, X I
PG G ST Ao ) D 2Rk, T8O RS iR
THEME VLG 2 A IRES TP DI Re 1, 50 i
GEIRIE s MASITEH BN Z RSB
i, NDE PEREFEAREE T 47.04%; {ECHR[26]FTHE 77
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SRR AR DL, BT AR TE Th 2 K BB AR 47
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Fig. 6 Comparison of load decomposition errors for

different training set days scenarios
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Fig. 7 Comparison of load decomposition errors for
different noise cases
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AR TR R AR R . & 3 &AL
WA T R &

R2 EBIETNINEFHEXN T far 53 BRE S0

Table 2 Impact of considering reactive power

characteristics on load decomposition

RIS AT S TEITREE R B8 DT AHIE

Biufaf
Npe/% Pacc% Noe/%  Paccl%
&R 412 93.58 3.95 93.85
WU A 2% 8.38 91.06 9.38 89.74
HAE 1 2.45 94.01 7.64 92.77
HESm 2 247 96.01 8.00 92.48
WL 5.11 94.15 11.40 91.18

®3 AERBEHBNRENER

Table 3 Full load active and reactive power of loads

it WREINZEIKW T D% kvar
&KL 85.0 53.0
WU i 2% 1.2 33
HAm 1 37 1.6
HEUs 2 55 6.9
WHEHL 50.0 38.0

HIZ 2 AT, 7E RN 25 8 AT D) 5 JC D D ARk
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FHORME, WURXHX 2 AT 5] N Ui AH LR
FABAI RN LR 4 Fow, Hd, G4
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Table 4 Impact of considering load timing
correlation on load decomposition
st LR EEED —
iR KU b 2%
Npe/% 433 11.66
i
) Paccl% 93.51 87.05
Bifiit K A
Mae 7806.67 169.49
Npe/% 4.12 8.38
* 8
) Pacc/% 93.58 91.06
Biufiet K A
Mae 7699.30 128.98

K 4 A7%1, 727 & AHOCHE S L T
R () o0 R PR BB B > 2 AN 97 4ar 1) Nipe i B 3 3] %
X7 0.16%5 3.28%. iX & K N7E 5| A\ G fur #H OGP
L5, W BB T 2 AN I ZE
Pk, IR 2 AN Aer i) D 22 350 1 X R
TRAE T 38 R0 AL 5 UK 2 fil 25 14 3y 2 9k 2 1) 48 bk
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53 M BHBEBENTTTRER T

AATKH 2 AL B SEAE R EdER, TR
TilE, (URREG 8 KR Fm 4, Wk
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TREE AN RIZR B AR A H 5 R A
T I S A B A R AR P R R B R,
TRy i SR K 2 B InE XL
NSRS o BRI 2 SN XN RS
B HAUE KA DM DR BUE, IR Ad.
ARSCEHPT S 15 I S s D) R A
WZREETE AR T R HRFIE R B, BN 4 R B 1R
IR AT A il . 223X 15 RIS Il
RHARHATH R S AC fRbriTH, 23121
IR N 1R, AR S bR P AR .
TP B A3 T 1 G ISR R g
[FIRy, e A, 1Z ) B e Z IR ANAEAEAH BLC
HHIEDL, oA . I8 AR R,
HE IENIL 2B ph 107, IENML Rl 001, &
#1679 100 3 DY I AR K A TVE RE TR AR W13 5 T
N R 1 ORBEAT R T, R AT
*x5 LMFABHIRE 1 Ao REXTEE
Table 5 Comparison of load decomposition errors for
measured private dataset 1

TR IEURAL 1 IHEAML 2
NDE/% PACC/% NDE/% PACC/% NDE/% PACC/%

e

A 241 97.10 5.51 96.86 2.23 97.45
CHk[26] 558 9228 1641 9134 6.28 95.44
WHA[35] 595 9392 4194 6087 2336  75.62

M2 5 AT 50, A SO iEERT 3 AN i o bk
REB M TIAE 7k, 7 NDE $8bsaaldert T
6.04%%55 20.36%, 3 BHASC T HRER XA [R] 28 20 471 af
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AT AERRE BB BTt o AR, SAAAE Hdi 42 7]
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Table 6 Comparison of load decomposition errors for
measured private dataset 2
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IR 1 0.012 99.55 0.028
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