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Abstract— Electricity consumption in households continues to increase along with the growth of electrical appliances
used in daily activities. However, most users do not have real-time information about their electricity usage, which
often results in inefficient energy consumption and unexpected electricity bills. This study aims to design and
implement a smart electricity metering system based on the Internet of Things (loT) with a billing prediction feature
using the Random Forest algorithm. The proposed system measures electrical parameters such as voltage, current,
and power consumption using sensors connected to a microcontroller. The collected data are transmitted to an loT
platform to provide real-time monitoring of electricity usage through a mobile application. Furthermore, the Random
Forest algorithm analyzes the collected data to predict future electricity bills. The results show that the developed
system can monitor electricity consumption in real time and provide accurate billing predictions. The prediction model
achieved a Root Mean Squared Error (RMSE) of 0.31% with an accuracy level of 99.69%. The system also provides
electricity consumption information for three selected rooms in the household.
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1. Introduction

Electric energy has become an essential component of
modern human life. The increasing use of electrical devices
in households has significantly increased electricity
consumption [1]. However, most electricity users only
receive information about their energy consumption through
monthly electricity bills [2]. This limited information makes
it difficult for users to monitor their electricity usage patterns
and control energy consumption efficiently [3].

Smart meter technology has emerged as a promising
solution to address this problem. A smart meter is a digital
device that can measure electricity usage and provide
detailed information about energy consumption in real time
[4]. By integrating smart meters with Internet of Things
(1oT) technology, electricity consumption data can be
transmitted to cloud platforms and accessed remotely
through mobile applications [5].

Several previous studies have proposed loT-based energy
monitoring systems to improve energy efficiency and
provide real-time monitoring capabilities [6]. However,
many existing systems only focus on monitoring electricity
usage without providing predictive insights regarding future
electricity bills. As a result, users still face difficulties in
estimating future energy costs and managing their electricity
consumption effectively [7].

To address this limitation, this research proposes an 10T-
based smart electricity metering system equipped with a
billing prediction feature using the Random Forest algorithm
[8]. Random Forest is a machine learning algorithm known
for its high prediction accuracy and robustness in handling

complex datasets [8]. By integrating real-time monitoring
with predictive analytics, the proposed system is expected to
provide better insights into electricity usage and assist users
in managing their energy consumption more effectively [7].

2. Method
2.1. System Design

The proposed system consists of hardware and software
components integrated to measure, transmit, and analyze
electricity consumption data. The hardware system includes
sensors for measuring electrical parameters and a
microcontroller for data processing and communication.

The main hardware components used in this system
include:

e ESP32 microcontroller [9]

Voltage sensor ZMPT101B [10]

Current sensor SCT-013-000 [11]

Power sensor PZEM-004T [12]

LCD TFT display [13]

10T platform using Blynk application [14]

The sensors measure electrical parameters such as
voltage, current, and power consumption. The ESP32
microcontroller processes the data and transmits it to the
cloud server using an internet connection
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Fig. 1. Hardware Design.

2.2. Data Acquistion

Electricity consumption data are collected from three
main rooms in a household. The sensors continuously
measure electrical parameters and transmit the data to the
10T platform [15]. The data include:

e Voltage (V)
e Current (A)
o Power (W)
e  Energy consumption (kWh)

The collected data are stored and used as input for the

machine learning prediction model.

2.3. Random Forrest

Random Forest is a machine learning algorithm
introduced by Leo Breiman in 2001 that is widely used for
both classification and prediction tasks. The algorithm
belongs to the ensemble learning category because it
combines multiple decision trees to improve prediction
accuracy and reduce the risk of overfitting [16].

In the Random Forest method, several decision trees are
constructed using randomly selected subsets of training data.
Each tree independently produces a prediction result based
on the input data [16]. The final prediction is determined by
aggregating the outputs of all decision trees, typically using
a voting mechanism for classification or averaging for
regression problems [17].

One important technique used in Random Forest is
Bootstrap Aggregating (Bagging). In this process, random
samples of both attributes and data instances are taken from
the dataset to build different decision trees. This diversity
among trees helps improve the robustness and accuracy of
the model [18].

Random Forest is known for its high accuracy and strong
performance when handling large datasets and complex
prediction problems [19]. Compared with other machine

learning methods such as K-Nearest Neighbor (KNN),
Support Vector Machine (SVM), and Linear Regression,
Random Forest often provides better precision and
prediction stability [20].

In the smart meter system developed in the research, loT
technology enables the monitoring of electricity
consumption in real time. The system collects electrical
parameters such as voltage, current, and power using sensors
connected to a microcontroller [19]. The data is then
transmitted to a cloud-based platform and visualized through
a mobile application for user monitoring.

The integration of 10T technology allows users to access
energy consumption data anytime and anywhere, making it
easier to monitor electricity usage and manage household
energy consumption efficiently [21].

Random Forest is a supervised machine learning
algorithm that uses multiple decision trees to perform
regression or classification tasks [22]. In this research, the
Random Forest algorithm is used to predict electricity bills
based on historical electricity consumption data.

The prediction process involves several steps:

e Data preprocessing
e Feature extraction
Model training
Model testing
Prediction of electricity bills

The prediction model is implemented using Python

programming language.
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Fig. 2. Firebase Server.

Fig. 3. Python Server.
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3. Result and Discussion

The developed smart meter system was tested to evaluate
its performance in monitoring electricity consumption and
predicting electricity bills. The testing process involved
measuring electrical parameters from three selected rooms
in a residential building.

The system successfully measured voltage, current,
power consumption, and energy usage in real time. The data
were transmitted to the Blynk 10T platform, allowing users
to monitor electricity usage through a mobile application.

The Random Forest prediction model was evaluated
using Root Mean Squared Error (RMSE) [23] as the
performance metric.

RMSE = x/Z (P —0)%/n

Information:

P = predicted value

O= observed value

N= number of observation

Table 1
System Performance Test Results in Rupiah (Rp)
. Electricity Consumption Prediction Actual
Day initial kwh (Rp) =D spystem e Ao
Day 1 Rp 64.701 Rp 7.716 Rp 7.612
Day 2 Rp 56.985 Rp 8.310 Rp 7.786
Day 3 Rp 48.675 Rp 8.515 Rp 9.020
Day 4 Rp 40.160 Rp 8.906 Rp 8.699
Day5 Rp 31.254 Rp 6.832 Rp6.ao1 P 60455 RpS5.030
Day 6 Rp 24.422 Rp 5.119 Rp 4.910
Day 7 Rp 18.763 Rp 9.632 Rp 10.534
TOTAL CONSUMTION Rp 55.030 Rp 54.962

The following steps describe how to calculate the
Root Mean Squared Error (RMSE) value using the data in
Table 1 with Rupiah (Rp) as the unit.
1. Calculate the Squared Error Value (P — O)?
Where:
e P =Predicted value
e O =Observed (actual) value
(Rp 60.455- Rp 55.030) = (Rp 5,425)? = 29.430
2. Substitute the Value into the RMSE Formula

RMSE = \/z (P —0)%/n

29.430
RMSE =
1
RMSE = +v29.430
RMSE = 171,55

Based on the calculation results, the Root Mean
Squared Error (RMSE) value obtained is:
Rp171,59.
3. Calculate the Percentage Error
To determine the percentage error obtained, the
RMSE value is converted into a percentage relative
to the observed value:
RMSEY = Rp 171,55
°~ Rp 55.030
4. Calculate the Prediction Accuracy:
100% —0,31% = 99,69%
The experimental results showed that the proposed
prediction model achieved an RMSE value of 0.31% with an
accuracy level of 99.69%. These results indicate that the

x 100 = 0,31%

Random Forest algorithm is capable of predicting electricity
bills with very high accuracy.

In addition, the 10T platform provided a user-friendly
interface that displayed electricity consumption data in the
form of monetary value (Indonesian Rupiah) and predicted
future electricity bills. This feature allows users to better
understand their electricity usage patterns and make
informed decisions to reduce energy consumption [24].

Prediksi vs Aktual Tagihan Listrik (Rp)

1 Taginan (Rp)
ihan (Rp)

9001

o _ /)
—
e
8000 e
-~ /
H /
g /
7000
6000
f/
o
Hari ke7

Hari ke-1 Hari ke-2 Hari ke-3 Hari ke-4 Hari ke5 Hari ke-6

Fig. 4. Visualization of the Random Forest Algorithm.

4. Conclution

The loT-based household smart electricity meter system
with electricity bill prediction using the Random Forest
algorithm was successfully designed and implemented, and
it operates properly in monitoring electricity consumption
and predicting electricity costs. The implementation of the
Random Forest algorithm requires a server to store real-time
measurement data and a Python-based server to process and
analyze the collected data to generate predictions. Based on
the system performance testing conducted over one week,
the results show a prediction error rate of 0.31% and an
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accuracy level of 99.69%, indicating that the developed
system performs effectively and provides highly accurate
electricity bill predictions [25].
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