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Abstract

To reduce fire accidents caused by the illegal charging behaviors of electric bicycles, this paper pro-
poses a two-stage non-intrusive load monitoring (NILM) method based on data separation and fea-
ture matching. In the first stage, a cumulative sum (CUSUM) event detection algorithm with a composite
sliding window is adopted to obtain load connection points, and the principle of load superposition
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and separation is utilized to separate the independent load information of switched loads from the
aggregated current. In the second stage, the separated independent load current is compared with
the established steady-state current waveform library, and the Pearson correlation coefficient is used
to calculate the similarity between the two to achieve coarse load recognition. A feature quantiza-
tion method is employed to extract the current amplitude features, power features, V-I trajectory
features and harmonic features of the independent load information, which are then matched with
the standard features of electric bicycles for refined load recognition. The analysis results of field
measurement data demonstrate that the method proposed in this paper can effectively identify the
in-home charging behaviors of electric bicycles.
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Figure 1. Non-intrusive load identification flowchart
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Figure 2. Schematic diagram of cumulative and change point detection method
based on composite sliding window
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Figure 3. Load separation and extraction process
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Figure 4. Statistical chart of electric appliances
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Figure 5. Current waveform comparison between electric bicycles
and other electrical appliances
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Figure 6. Comparison of active power load images before and after
noise reduction processing
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Table 2. Comparison of event detection performance under different sliding window lengths
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Figure 7. Current separation results at switching points
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Table 3. Comparison of performance of different recognition methods
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