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Abstract— This work proposes an approach to extract
characteristics of electric current waveforms to identify
signatures of residential devices. The purpose of non-intrusive
load monitoring (NILM) is to identify the operating times of
individual devices and their energy consumption from single-
point electrical measurements, offering several advantages, such
as cost for measuring equipment. The short-time Fourier
transform was applied in combination with kernel principal
component analysis (KPCA) to extract features from the electric
current waveforms. Several kernels were evaluated during this
process, with the logarithmic kernel demonstrating superior
performance. The resulting features were then classified using a
k-nearest neighbors (kNN) algorithm to identify the operation
of individual devices. Another key advantage of the proposed
method is that the training database is generated directly from
the current signals of individual loads, eliminating the need to
acquire data from all possible load combinations for training
step. Experimental tests show that the proposed method is
efficient in complying with its objective.

Index Terms—smart grids, feature extraction, signal analysis,
spectrogram, nearest neighbor searches.

I. INTRODUCTION

To address rising electricity demand, many countries have
implemented public policies that incentivize efficient energy
use, notably through demand response (DR) programs that
reward end-users for short-term reductions in consumption in
response to electricity market price signals or grid operator
triggers [1], [2]. In parallel, non-intrusive load monitoring
(NILM) systems have emerged as a promising approach for
residential energy management, enabling consumption
monitoring or automated load control during peak periods.
Fig. 1 illustrates the general scheme of a NILM system, in
which the electrical current is monitored by sensors placed on
a house’s incoming power supply, without requiring

This work was supported by FAPES — Espirito Santo Research
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Figure 1. Non-intrusive load monitor model [5]

individual measurements for each appliance. The aggregated
data are subsequently processed by machine learning
algorithms capable of accurately identifying active loads and
providing an estimation of their individual energy
consumption. Moreover, extracting detailed load features
from these systems enhances applications in DR and broader
energy management, and positions NILM as a key enabler of
smart-grid strategies [3], [4].

In this study, the proposed method employs the Short-Time
Fourier Transform (STFT) to analyze current signals from
commonly used residential devices. Subsequently, a kernel
Principal Component Analysis (KPCA) is applied to reduce
the dimensionality of the feature set that characterizes each
device's signature. For classification, the k-Nearest Neighbor
(kNN) algorithm is used.

We divided the work in two stages: the first one is an
evaluation of three load models generated through
simulation, and the second one is an approach with real
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