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ABSTRACT: The unsupervised non-intrusive load monitoring
(NILM) method can realize load decomposition by analyzing
the unlabeled aggregated load data directly. However, the
corresponding appliance name cannot be automatically
determined generally, which affects the interpretability of
NILM results and hinders its scale application. In this paper, a
novel method for autonomous labeling of unsupervised NILM
results based on rough classification of appliances was
proposed. Both operation characteristics and usage time
distribution of appliances were analyzed and summarized.
Three categories of operation characteristics as periodic
operation, intensive fluctuation, and fixed-duration operation
were defined separately. Correspondingly, an adaptive
operation characteristic inference method based on cluster
analysis of appliance operation data was provided. A method
for identifying the appliance usage characteristics based on the
correlation between the usage of appliances and the human
activities in term of time distribution was proposed. At the
same time, an index to mark the periods of strong/weak human
activities was given based on the change of the load
component. Furthermore, the appliances were roughly
classified according to the defined operation and usage
characteristics based on the rough set theory, and then a bilevel
decision method was proposed to realize the NILM result
labeling. Experiments in private and public datasets show that
the proposed method could label NILM results of common
appliances in different scenarios accurately. The proposed
method can be integrated with other unsupervised NILM
algorithm to form a fully unsupervised NILM solution.
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Fig. 1 Fully unsupervised NILM framework diagram
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Fig. 2 Active power curve of
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Fig. 5 Active power curve of kettle during boiling
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Table 1 General operation characteristics of appliances
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Fig. 9 Overall experiment flow chart
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Table 3 Control characterstics of appliances

B [#i 52 H J SE AT (ATon, ATof) Eetl
B Sonl% 8% #ifE AR
1 775 15.79 — FO
2 60.45 27.18 — FO
3 62.71 8.14 — FO
4 79.42 65.77 (11, 10)s PO+FO+IO
5 84.03 72.27 (17,12)s PO+FO+IO
6 89.89 88.06 (7,15)min PO+FO
7 99.89 63.05 (4,3)s PO+FO+IO
8 91.52 80.05 (14, 35)min PO+FO
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Table 5 Activity indices of appliances %
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Table 7 Labeling results of appliances in scenario 1
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Table 8 Labeling results in scenario 2
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Compared to supervised non-intrusive load
monitoring (NILM), the unsupervised NILM schemes
are scalable and more appropriate for large-scale
implementation.

In unsupervised NILM, the appliance model
established through unsupervised learning usually has no
physical name. In order to achieve widespread
implementation of NILM and enable the associated
advanced applications, it is necessary to use general prior
knowledge to autonomously label the physical names of
the

learnt appliances, referred to as autonomous

appliance name labeling, thus to realize fully
unsupervised NILM, which has a framework as

summarized as Fig. 1.

Fig. 1 Fully unsupervised NILM framework diagram

In this paper, a novel method for autonomous
labeling of unsupervised NILM results based on rough
classification of appliances is proposed. Both operation
characteristics and usage time distribution of appliances
are analyzed and summarized. Furthermore, the
appliances are roughly classified according to the

defined operation and usage characteristics based on the

S4

rough set theory, and then a bilevel decision-making
method is proposed to realize the NILM result labeling.
The bilevel decision-making flow chart is shown in

Fig. 2 with the details as follows:

Fig. 2 Bilevel decision-making method flow chart

In the first level of decision-making, the general
operation characteristics of the appliance to be named
are analyzed to determine the candidate rough subset to
which it belongs.

In the second level of decision-making, multiple
parametric operation characteristics are used to
determine the most likely appliance name tag from the
candidate rough subset. Four parametric operation
characteristics are chosen for decision making based on
the following combined voting evaluation equation.

A" ={argmax(fp (p) + T, »(COs ) +
foa(d)+ fr A(D)|VA€ Q. } (1)

Experiments in private and public datasets show

that the proposed method can label NILM results of

common appliances in different scenarios accurately.



