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[Abstract]

In this paper, we propose a method to detect abnormal power usage conditions in domestic franchise

convenience stores, by detecting cases where the temperature of the refrigeration or freezer equipment

operates outside the normal range and classifying detailed abnormal situations. Compared to normal

data, abnormal data is very small, and the amount of data varies depending on the type of abnormality,

leading to a data imbalance issue. The proposed method employs a hierarchical structure that combines

a time series classification algorithm with kNN, addressing the data imbalance problem and enabling

classification using relatively small amounts of data. In this paper, we conducted an experiment by

independently constructing our own dataset to validate the proposed methodology.
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I. Introduction
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II. Preliminaries

1. Hierarchical machine learning-based power
usage anomaly detection and classification

1.1 Background and Definition
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Table 1. Types and causes of abnormal operation
of refrigeration/freezing equipment

Class | Abnormal Situations and Causes

1 False Automatically returned to the normal
Positive | operating temperature range

2 False Exceeded normal temperature range due
Positive | to the defrosting operation

True The power to the refrigerator or freezer

3 . .
Positive | is turned off

4 True The refrigerator or freezer door is
Positive | accidentally left open

Exceeded normal temperature range due

Tr ) .
5 ue to the surrounding environment of the
Positive .
refrigerator or freezer
6 True Malfunction of refrigerator or freezer
Positive | components
7 True Malfunction of the energy management
Positive | system or temperature sensor
Tr .
8 ue Unable to confirm
Positive
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III. Experimental Results and Analysis

1. Design and Implementation of the System
Configuration
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Fig. 1. Overall architecture of the proposed approach
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Fig. 2. Time series classifier based power
usage abnormality detection
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2. Data and Experimental Design
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Table 2. Data organization for experiments

Class | Abnormal | No. of train data | No. of test data
1 8739 1294
False 8941 1350
2 Positive 202 56
3 411 183
4 735 102
5 124 33
True 2730 694
6 Positive 449 200
7 911 137
8 100 39
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3. Results of Anomaly Detection in Power Usage
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Table 3. Result of abnormal freezer power usage
detection

Itern Deep LSTM Proposed
Learning Approach
Detection 71% 65% 75%
Ratio
Precision 44% 48% 45%
Accuracy 60% 64% 60%
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4, Detailed Classification Results of Power
Usage Anomalies
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Table 4. Result of abnormal freezer power usage
detection

Item Recall Precision F1-score
3 58% 44% 0.50
4 40% 30% 0.34
5 03% 33% 0.06
6 14% 42% 0.20
7 52% 34% 0.41
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Fig. 3. Confusion Matrix

IV. Conclusions
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Table 5. Power Usage Anomaly in the Refrigerator

No | Anomaly Situations and Causes
1 False |The cause is unknown, but the temperature
Positive |automatically returned to the normal range
Temperature deviated from the normal
) False |range due to defrosting operations
Positive | (Defrosting: circulating hot air to remove
frost in refrigeration /Freezing equipment).
True The power to the refrigeration /freezing
3 . . .
Positive | equipment is turned off.
4 True The door is left open(due to product display
Positive | or customers not closing the door).
Not a malfunction of the refrigeration /
freezing equipment, but environmental
True . . .
5 . issues such as heating airflow caused the
Positive .
temperature to go outside the normal
range.
6 True Malfunction of parts in the refrigeration /
Positive |freezing equipment.
True Incorrect. temperature measurement due to
7 Positive malfunctlon of energy management system
equipment or temperature sensors.
8 ngi?ve Unable to verify
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