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Air conditioner monitoring and its domain adaptation method based on
a model-data hybrid-driven approach

LI Zhaotao, LUO Qingquan, YU Tao, LIANG Minhang, WANG Keying, PAN Zhenning
(School of Electric Power, South China University of Technology, Guangzhou 510640, China)

Abstract: Due to their high energy consumption and inherent thermal storage capacity, air conditioning loads have
become key resources in source-load interaction. As a foundation for assessing flexible potential, non-intrusive load
monitoring (NILM) enables the extraction of air conditioner operating information using only aggregate meter data.
However, existing monitoring models not only struggle to capture the complex operating behaviors of air conditioners, but
also rely heavily on hard-to-obtain power consumption labels when transferred from a source domain with training data to
a new user in the target domains. To address these issues, a model-data hybrid-driven air conditioner monitoring and
domain adaptation method is proposed. First, an air conditioner monitoring model integrating long- and short-term
correlations between electrical and environmental features is developed. Second, a neural network is employed to identify
thermodynamic parameters of air conditioners, enabling indoor temperature estimation. A temperature estimation loss is
alternately embedded during training to fully exploit the strong correlation between air conditioner operation and indoor
temperature. Finally, the physical model serves as a bridge for domain adaptation in new users, where easily accessible
temperature data are used as supervisory signals to adapt to new data distribution. Experiments on both public and
self-collected datasets demonstrate that the proposed method outperforms existing approaches in monitoring accuracy,
transferability, and domain adaptability, showing promising potential for real-world applications.
This work is supported by the National Natural Science Foundation of China (No. U24B6010).
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Fig. 1 Waveforms of air conditioning load measurement data
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Fig. 2 Overall flowchart of air conditioning load monitoring
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Table 1 Results of various methods on the test set
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Fig. 9 Estimation results of the data-driven monitoring model in

the source domain and its comparison with the baseline method
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Fig. 10 Estimation results of power and indoor temperature in
the source domain using the model-data hybrid-driven
monitoring model
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Table 2 Results of various methods in new

scenarios (House 3039)
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Fig. 11 Estimation results of the data-driven monitoring model
when directly transferred to House 3039 and its comparison

with the baseline method
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adaptation methods
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domain adaptation in the new scenario (House 3039)
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Table 4 Model test results for source-domain users and target-domain new users
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Table 5 Experimental performance of the domain adaptation

model on the custom dataset
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Fig. 14 Air conditioning monitoring performance between

the direct transfer model and the domain-adapted model
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Table 6 Results of ablation experiments
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Fig. 15 Comparison of ablation experiment results
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Table A1 General overview of various experimental scenarios
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Fig. A1 Actual deployment diagram of the air conditioning

smart socket in the lab scenario

- - ™ d
E A2 HhAEF ]
Fig. A2 Office scenario 1

A3 HREHF2
Fig. A3 Office scenario 2

El A SWESR
Fig. A4 Conference room scenario



B, %

SR T Rl VR £ KB 1

A M0 e gl N g 95 - 47 -

(2]

(3]

(4]

(5]

(6]

& A5 RiE{KE17
Fig. A5 Nighttime resting scenario (dormitory)

SE 3Rk
(1]

R(ﬁ%)

SAXENA A, SHANKAR R. An interactive operating
demand response approach for hybrid power systems
integrating renewable energy sources[J]. Protection and
Control of Modern Power Systems, 2024, 9(3): 174-194.
Fekn, FgE, R, & WL HiER R REe
PR E A 5 /g (1), B RGR 5 4], 2022,
50(20): 158-167.

CHENG Song, ZHOU Xin, REN Jing, et al. Bidding
strategy for load aggregators in a multi-stage electricity
market[J]. Power System Protection and Control, 2022,
50(20): 158-167.

MakER, T /N, B, S5, T A 7R SRR AR AR A A

B AR 3B AT P [0 ]. EEJJ%%?ET%%‘FEE%’J, 2021,
49(15): 132-140.

YANG Zijun, DING Xiaoye, LU Xiao, et al. Inverter air
conditioner load modeling and operational control for
demand response[J]. Power System Protection and Control,
2021 49(15)‘ 132 140.

HER, I, ®iHH, & RETIEAES S 2 X
EE#J%%%%U% IR E R SRR ). H ) RS R
H¥l, 2025, 53(3): 47-57.

LIU Yanling, WU Zhigang, LAI Xiang, et al. Cooperative
control strategy for heterogeneous air-conditioning loads
participating in frequency regulation of multi-area power
systems[J]. Power System Protection and Control, 2025,
53(3): 47-57.

TS, WKk, T8, . BB RTINS AR
TR A H ﬁuﬁf“ RIK[]]. RGP 5%
], 2022, 50(17): 133-142.

FAN Dejin, ZHANG Shu, WANG Yang, et al. Day ahead
scheduling strategy for air conditioning load aggregators
considering user regulation behavior diversity[J]. Power
System Protection and Control, 2022, 50(17): 133-142.
BEIE, BIRA, RIE, & T RENTR A IR g
WZ A JVET]. 1Ak, 2025, 45(3): 209-216.
CAI Qinghuai, LUO Qingquan, YU Tao,
Generalization method for load identification based on

et al.

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

active transfer learning[J]. Electric Power Automation
Equipment, 2025, 45(3): 209-216.

REEA, WURA, BRIBIR, 55, BT 2 V- Bl a
@A X 7] BT RGERY 5,
2025, 53(11): 63-71.

CHENG Zhiyou, HU Lele, CHEN Siyuan, et al. Non-
intrusive load identification method based on multiple V-1
trajectory fusion[J]. Power System Protection and
Control, 2025, 53(11): 63-71.

KELLY J, KNOTTENBELT W. Neural NILM: deep neural
networks applied to energy disaggregation[C] // Proceedings
of the 2nd ACM International Conference on Embedded
Systems for Energy-efficient Built Environments, 2015,
Seoul, South Korea.

e, AR, 25, 4. #5T CNN-BILSTM 5 DTW
HIAE RN AR B A I T VE ] M ECR, 2022,
46(5): 1973-1981.

LIN Shunfu, ZHAN Yinfeng, LI Yi, et al. Non-intrusive
residential load monitoring method based on CNN-BiLSTM
and DTW[J]. Power System Technology, 2022, 46(5):
1973-1981.

ZHU Z, ZHOU M, HU F, et al. TSILNet: a novel hybrid
model for energy disaggregation based on two-stage
improved TCN combined with IECA-LSTM[J]. Advances
in Modeling and Simulation Tools, 2024, 17: 2083-2096.
ZHOU Y, JI C, DONG Z, et al. Non-intrusive load
disaggregation based on multiple optimization of appliance
features and CNN-NLSTM model[C] // 2022 IEEE/IAS
Industrial and Commercial Power System Asia (I&CPS
Asia), July 8-11, 2022, Shanghai, China: 871-876.
RN, EIRT, /R E FERER S ERRE
T35 B AR A M i) R R 2 [0, o AL
TREZAR, 2022, 42(17): 6260-6274.

PENG Binggang, PAN Zhenning, YU Tao, et al. Graph
data modeling and graph representation learning methods
and their application in non-intrusive load monitoring
problem[J]. Proceedings of the CSEE, 2022, 42(17):
6260-6274.

WRIENE. 2R 23 T 255 7 SRWe N2 A 2 1 b 2 i
FL[D]. BB RS, 2022

CHEN Zexu. Research on the control and application of
aggregated air conditioning load participating in demand
response[D]. Wuhan: Huazhong University of Science
and Technology, 2022.

LUAN W, WEI Z, LIU B, et al. Non-intrusive power
waveform modeling and identification of air conditioning
load[J]. Applied Energy, 2022, 324.

LUAN W, WEI Z, LIU B,

non-intrusive air conditioning load monitoring method

et al. A training-free



- 48 -

W) R GRP bk

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

based on fuzzy comprehensive evaluation[J]. Applied
Energy, 2024, 376.

LI D, LI J, ZENG X, et al. Transfer learning for
multi-objective non-intrusive load monitoring in smart
building[J]. Applied Energy, 2023, 329.

LIN J, MA J, ZHU J, et al. Deep domain adaptation for
non-intrusive load monitoring based on a knowledge
transfer learning network[J]. IEEE Transactions on Smart
Grid, 2021, 13(1): 280-292.

LIU Y, ZHONG L, QIU J, et al. Unsupervised domain
adaptation for nonintrusive load monitoring via adversarial
and joint adaptation network[J]. IEEE Transactions on
Industrial Informatics, 2021, 18(1): 266-277.
D’INCECCO M, SQUARTINI S, ZHONG M. Transfer
learning for non-intrusive load monitoring[J]. IEEE
Transactions on Smart Grid, 2019, 11(2): 1419-1429.
KBRS, R4, R, & FET 2 REZRHERE R 7
i R S LT RS ELAG 58 T VA )] I RS H B
2024, 48(2): 105-117.

LIU Xipeng, LUO Qingquan, YU Tao, et al. Load
identification and its interpretable interactive enhancement
method based on multi-scale feature fusion[J]. Automation
of Electric Power Systems, 2024, 48(2): 105-117.

YU B, LI J, LIU C, et al. A novel short-term electrical
load forecasting framework with intelligent feature
engineering[J]. Applied Energy, 2022, 327.

GUO F, CHEN J, WANG Y, et al. A new LSTNet-based
temperature prediction model for permanent magnet[J].
Measurement Science and Technology, 2024, 35(6).

LIU R, CHEN L, HU W, et al. Short-term load forecasting
based on LSTNet in power system[J]. International
Transactions on Electrical Energy Systems, 2021, 31(12).
VASWANI A, SHAZEER N, PARMAR N, et al. Attention
is all you need[J]. Advances in neural information
processing systems, 2017, 30.

GAO J, CHEN Y, HU W, et al. An adaptive deep-learning
load fore-casting framework by integrating transformer
and domain knowledge[J]. Advances in Applied Energy,
2023, 10.

LI Y, CAO J, XU Y, et al. Deep learning based on
Transformer architecture for power system short-term
voltage stability assessment with class imbalance[J].
Renewable and Sustainable Energy Reviews, 2024, 189.
LUO X, WANG Y, ZHU Q, et al. Physics-informed
neural network for parameter identification of air
conditioning load models[C] // 2024 7th International
Conference on Energy, Electrical and Power Engineering
(CEEPE), 2024: 948-953.

[28]

[29]

(30]

[31]

[32]

[33]

[34]

W75, )55, X175, & 252 R E A A G 3R
R BT T PRl B4 ) SRS AT FE )], FIEOR, 2022,
46(2): 699-714.

YANG Xiu, FU Guangnu, LIU Fang, et al. Potential
evaluation and control strategy of air conditioning load
aggregation response considering multiple factors[J]. Power
System Technology, 2022, 46(2): 699-714.

T, g, 25, & BT TCN-LSTM AL
W HLRE B P Eh 2 KW T[], B R GRS ],
2024, 52(17): 161-167.

WANG Yiguo, LIN Feng, LI Qi, et al. Classification of
power quality disturbances in a power grid based on the
TCN-LSTM model[J]. Power System Protection and
Control, 2024, 52(17): 161-167.

UL, FERE. JET LSTM-CGAN 192 43l o H 4 3k 3y
AT R RO IZAT SRR [T]. F I R GRS 542,
2024, 52(18): 133-148.

LI Hong, HAN Yumeng. Data-driven distributionally
robust collaborative optimization operation strategy for a
multi-microgrid based on LSTM-CGAN[J]. Power System
Protection and Control, 2024, 52(18): 133-148.

GAO G, L1 J, WEN Y. Energy-efficient thermal comfort
control in smart buildings via deep reinforcement learning[J].
arXiv preprint arXiv:1901.04693, 2019.
PAPAGEORGIOU P, MYLONA D, STERGIOU K, et al.
A time-driven deep learning NILM framework based on
novel current harmonic distortion images[J]. Sustainability,
2023, 15(17).

ZHOU D, WU Y, ZHOU H. A nonintrusive load
monitoring method for microgrid EMS using Bi-LSTM
algorithm[J]. Complexity, 2021, 2021(1).

YUE Z, WITZIG C R, JORDE D, et al. Bert4nilm: a
bidirectional transformer model for non-intrusive load
monitoring[C] // Proceedings of the 5th International
Workshop on Non-intrusive Load Monitoring, 2020:
89-93.

IS HER: 2025-03-31;

&EIHEA: 2025-08-25

EEEN:

&%

5% 2000—), F, MEHRTE, BT EARTM
5] 64 AT PEIR;  E-mail: lizhaotao2022@qq.com
FRe1999—), F, AL, HRFT QARG

RGRE RS 5 He R, E-mail: epqqluo@qq.com

& F0914—), F, @A, WHE, R ARG

A ALl N RGAE RIS L EMEFE T,

E-mail: taoyul @scut.edu.cn

(R4 &L %)



