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Abstract – This paper proposes automated system for
increasing efficiency of electricity consumption based on
Artificial Neural Network (ANN) method. There are many
reasons to keep electricity equipment always turn on. Therefore
people develop smart metering devices that have the ability to
connect and cut off electric current automatically or remotely.
With the ability to cut off electric current automatically when
not used, the expectation is electricity usage can be saved. But
that is not enough, the rules that are applied in smart metering
system must be analyzed so that rule will comply with the user’s
behavior. This paper has been adopted an artificial intelligence
method, artificial neural network, perform for analyzing
human’s behavior, and apply Internet of Things concept so that
data can be sent and communicated with other platforms. The
results obtained in this research are the accuracy of artificial
neural network in determining the time to turn on or off the
equipment is 95.4% and the recall is 80.17%.

When developing a smart metering device, the thing that
must be considered is the analysis of rules and learning that
will be applied to smart metering, because this will affect how
efficiently the smart metering device saves electrical devices.
The learning method applied is artificial neural network
(ANN). ANN has advantages over other artificial intelligence
methods because ANN is able to manage almost all types of
data, ranging from discrete and continuous data [4]. In
addition, ANN is able to continue to update learning as time
goes by.

Keywords— Smart Metering, Internet of Things, Artificial
Neural Network, electricity.

In smart metering research with artificial neural network
methods, there are previous studies that have relevance and
support smart metering research at this time, all of the
supporting research is a reference material and basic
materials for smart metering research are carried out. One of
them is research that the use of electricity supervised by smart
metering is able to offer advantages more like the ease of
monitoring, analyzing, and controlling the use of electricity
used in a place [5].

The significant of this paper is an automated system for
increasing efficiency of electricity consumption based on
ANN algorithm. ANN algorithm has implemented in the
system for analyzing user’s behavior.
II. RELATED WORK

I. INTRODUCTION
Modern society currently has a dependency on electrical
devices to facilitate the work done, but the more electrical
devices used, the greater the costs that must be incurred [1].
Therefore, the community must be able to save electricity
usage without the need to reduce productivity for a day. The
simple thing that can be done by the community to save
electricity is by turning off electricity when not in use.
Unfortunately, this simple thing is often overlooked for
various reasons, such as feeling lazy, forgetting factors, not
even being aware of the effects of electrical discharge. When
shutting down electrical devices when not in use is, we
indirectly receive benefits from various aspects, such as
reducing global warming to financial benefits.

In saving electricity usage, several previous studies had
applied smart metering on electrical devices with the ability
of Fuzzy Logic [2], in that research found that smart metering
was able to save 47.4% to 63.1% electricity, the results
obtained were quite satisfactory because smart metering was
able to be a solution electricity savings. But the device that
was developed still has not implemented the concept of
Internet of Things (IoT), so that the data obtained and
processed is only on the device. This is a weakness of the tool
because the data obtained cannot be accessed in real time, the
data cannot be accessed and processed by other processing
tools, so the tool still needs to be developed further.

When we allow an electrical device to be connected to an
electric current source, the device will continue to use
electrical energy even though we do not use the device, for
example a drinking water dispenser. Drinking water
dispensers will keep the temperature of the drinking water
kept hot periodically [2], therefore we must routinely turn off
the dispensers when not in use so that the electrical energy
used is not wasted. From the problems that arise, developed
several solutions that are considered to be able to help people
save electricity, one of which is smart metering [2]. Smart
metering is able to disconnect and connect electrical devices
with an electric current source in accordance with the rules
possessed by smart metering. But the device developed by
smart metering has not implemented the concept of Internet
of Things (IoT) where devices are connected and
communicate with the internet. The advantage gained by
implementing IoT on smart metering is the potential for
remote data processing, the ease of sharing analytical data, so
that users can monitor electrical devices [3].

Another case study, shows that devices developed based
on the IoT concept, have the ability to exchange data with
other devices via the internet [6] [7]. Devices that implement
IoT also have other advantages, such as remote monitoring
and even remote control. In the study of smart metering
devices, IoT has a very important role in exchanging data
between hardware and data processing sites, where both are
in different places.
A. Artificial Neural Network Method
Artificial neural networks are learning methods that are
inspired by the workings of human nerves. ANN will
continue to study the class data that has been studied and then
start from a random calculation and continue to be updated to
determine the next class. If an error occurs in determining the
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class, ANN is able to learn errors into experience. Because of
this, the more learning is done, the higher the probability of
accuracy will be obtained.

hidden neurons used to build this prototype is 10 neurons, the
learning rate is 0.01, and the maximum epoch is 1000
repetitions.

In ANN there is a neural model (neuron) which is a
presentation of the relationship between synapses and has
weight in each relationship.

The number of hidden neurons by 10 is based on a
relatively small number, it aims to reduce the resources used
so that it can speed up computation time. For the learning rate
the selection lifts 0.01 because the number 0.01 is a very
small number, with a small number expected ANN is able to
determine the optimal weight so that accuracy can achieve a
more optimal value. For epoch numbers, the maximum
number of epoch is used to limit the repetition of ANN, the
number of 1000 as a relatively large number for repetition so
that the accuracy obtained can achieve maximum accuracy.

Like a building, in building an architecture, we must
understand the intent and purpose of each element that will
be built, including the architecture of the ANN. When
building an ANN architecture, there are several variables that
are pre-defined, such as the learning rate and the number of
hidden neurons used. The number of variables entered is in
the form of a random number determined by the developer.
Learning rate variable, is a multiplier number used to correct
the random weight that is available, the smaller the learning
rate, the more precision in determining the optimal weight,
but the more epochs used. The number of hidden neurons
determines how quickly the ANN calculates the output layer,
the more hidden neurons the greater the probability of
achieving maximum accuracy, but the more resources are
used, because the more calculations are done.

A. System Requirements
In order for the system to work properly as expected, the
system requires several things that must be fulfilled,
including:
• All sensor components and timers can measure
environmental conditions properly such as accurate time
calculations, detecting activities carried out on the
dispenser.
• Readable data by sensors can be sent to the
microcontroller which will be sent to Thingspeak via the
internet.
• Data that has been received in Thingspeak can be
processed for learning that produces output data that will
be sent to the microcontroller.
The system diagram flow illustrates the overall smart
metering prototype, where the prototype can retrieve data
from the sensor, send data to Thingspeak via the internet,
perform analysis, and return the ANN analysis results to
Wemos for execution.

III. SMART METERING SYSTEM
The system has been developed to make smart metering
using Wemos D1 R2 microcontroller, the microcontroller
functions to manage data received from current sensors,
touch sensors, and RTC, then the data is sent to Thingspeak
via the internet for storage. Data stored on Thingspeak will
be processed at Matlab Analysis with artificial intelligence
artificial neural networks. After the data has been
successfully analyzed, the results of the output data are stored
in Thingspeak, then continued to be sent back to the
microcontroller to execute the data obtained from the
analysis. For general description. The system is shown in Fig.
1.

B. System Requirements Specifications
Smart metering prototypes are built from a combination
of hardware and software requirements. The hardware
needed to build smart metering includes:

The input data obtained from the sensor is sent to
Thingspeak periodically every 40 seconds, this is because the
storage time on Thingspeak requires time of around 20
seconds, the addition of another 20 seconds is intended for
storing data from the analysis from Matlab Analysis which
also takes 20 seconds, so the data span sent to Thingspeak
from a microcontroller for 40 seconds.

Fig. 1. Overview of the Smart Metering System.

is:

Data processing to be analyzed with ANN method using
the Neural Network Toolbox that has been provided by
Thingspeak and Matlab. The data that has been stored on
Thingspeak becomes the input parameter in the ANN, while
the Relay status will be the target parameter that will be
studied by ANN. The parameters needed when processing
data is the number of hidden neurons needed. The number of

• Wemos D1 R2 microcontroller Function to organize,
receive, and send data sent by sensors and
Thingspeak. Wemos has advantages compared to
Arduino Uno, where Wemos already has an integrated
Wifi connection, so there is no need for additional
devices to connect to the internet.
• ACS712 Current Sensor. Current sensor that
functions to retrieve data on the electric current
flowing to the drinking water dispenser.
• TTP223B Touch Sensor. Touch sensor that functions
to retrieve data during the use of dispensers, this
sensor is used for the learning process by receiving
capacitive touch when the user uses the dispenser
• Real Time Controller (RTC) DS3231.RTC serves as a
day counter to find out the time of interaction and data
communication.
• Relay. Relay serves to break and connect electric
current, commands are given from the microcontroller
obtained from the analysis results in Matlab Analysis.
The software needed to build smart metering prototypes
• MacOS 10.13 High Sierra Operating System. The
operating system used to build smart metering
prototypes, the operating system also uses Microsoft
Windows.
• Arduino IDE. A tool used to program code used in
Wemos microcontrollers.
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• Thingspeak. Cloud-based services are shown on IoTbased devices, where we can store and visualize data
for free but with some limitations.
• Matlab Analysis. The application provided from
Thingspeak for processing data that has been
accommodated in Thingspeak, to use the toolbox
provided, we must have a buyer license for Matlab
and the related toolbox.
• Matlab. Programming applications used for code
testing and data accuracy testing.
C. Testing Scenario
Now testing is needed to ensure that all functionality is
expected to run according to needs and achieve the expected
results. The following test scenarios are carried out during
smart metering research:
• Testing of smart metering prototype hardware. Testing is
done by testing whether the device can display data received
from the sensor via a serial monitor. Testing is done by testing
whether the current sensor can read the changes in the flow
of electricity when the dispenser is connected to the power
source, the touch sensor can be triggered when touched, the
RTC can issue the correct time, and the relay can disconnect
and connect the electric current.
• ANN analysis testing. Testing was carried out by using
1440 training data obtained from the researchers' habits in
using a drinking water dispenser for 5 days, after that, by
combining 504 testing data which was tested for 2 days. After
that the data is analyzed by testing the accuracy in the Neural
Network Toolbox, the results of accuracy will be one of the
references on how well the performance is obtained.
• Shipping test. In this test, making sure all the data used
can move from the microcontroller to Thingspeak. This
ensures that data sent until, does not change, and can be
stored by Thingspeak.
• Electrical usage testing. In this test, calculating electricity
consumption before using and after using smart metering
prototypes, this result will be a range of how effective the use
of smart metering in saving electricity.
IV.

Fig. 2. Smart Metering hardware testing.

Based on the results of the accuracy test with the data
train, ANN can be considered quite reliable in determining
when the dispenser will turn off or on, but this is different
from the results obtained in the data test accuracy, although
the decrease is not significant, but a decrease in accuracy can
indicate the problem.

TESTING AND ANALYSIS
(a)

A. Smart Metering prototype hardware test results
The results obtained that prototype devices are able to
read data obtained from current sensors, touch sensors, and
RTC, and set Relay whether the relay can connect and
disconnect the electrical current connected to the dispenser.
Here are the results of testing on the smart metering prototype
hardware in Fig. 2.
B. Results of Artificial Neural Network Testing in Matlab
The results obtained after testing with the Neural Network
Toolbox. The test is done by entering the data train and test
data, then entering other variables such as the number of
hidden neurons entered. The accuracy of the data train is
shown in Fig. 3(a), while the results of accuracy testing on
the data test are shown in Fig. 3(b).

(b)
Fig. 3. Data Accuracy (a) Training Value and (b) Test Value.
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The decrease in accuracy is due to a reduction in the
match between the target and the output data on the value,
thus increasing the value of False Positive (FP), the effect that
appears when the FP is increased turn-on.
Based on confusion matrix we can determine the accuracy
of ANN performance on smart metering prototype devices,
where the accuracy obtained is 95.4%, precision is 100%, and
recall is 80.17%.
From the results of the analysis that has been obtained, we
can find out the performance of artificial neural networks in
determining when the dispenser is off or on on smart
metering, where the performance can be seen from the
accuracy of determining the dispenser condition
appropriately, which is 95.4% with a recall of 80.17% . This
means that around 80.17% of the dispensers are on at the right
time, while 19.83% of the devices fail to turn on, this results
in the possibility that around 20% of the dispensers have not
reached optimal heat or cold.
In addition to recall and accuracy values, things that must
be considered are the decrease in accuracy obtained when
data train with data tests, this decrease in accuracy can be
caused by several factors, namely the waiting time factor that
occurs when sending data, the analysis results from Matlab
Analysis appear every 5 minutes once and sending data that
has the possibility of waiting time due to internet connection
problems.

Fig. 4. Uploaded Data on Thingspeak.

The analysis is done with the same habits without smart
metering. There are similarities, with or without, where the
dispenser will turn on heating and cooling in the same period
of time, plus the cooler will turn on for 24 hours, and the
water heater is flat It turns on for 5 seconds every 15 minutes.
If the user habits between using prototypes by not using the
same prototype, then we will find that the use of dispensing
power is the amount of power used when using prototypes
summed up with the use of power beyond the use of
prototypes. The power usage is 1.61 kWh every day, if it is
done for 1 month, the power used is 48.3 kWh / month, so the
cost is Rp. 70,856. After looking at the comparison we can
see how many prototypes can save electricity and costs. From
the results of the analysis of the costs incurred by users with
and without smart metering prototypes, it was found that the
dispenser user would save around Rp. 36,826 every month,
or 51.87% more savings than the costs that should be
incurred.

C. Data Delivery Testing Results
Data sent to Thingspeak and vice versa can be sent
properly. The delay is made for 40 seconds, this prevents the
failure of writing data from the Matlab Analysis with upload
data from the device. Besides that the delay time defined is
the automatic output time of Matlab Analysis, the smallest
time that is given from Thingspeak is 5 minutes, so there is a
possibility that the analysis data will be delayed up to 5
minutes.
In addition to the defined waiting time, there is an outside
waiting time, this is due to internet connection problems,
inconsistent data transmission, and also errors that occur
when conducting research. Graphs of data successfully
uploaded to Thingspeak are shown in Fig. 4.

V. CONCLUSIONS

D. Electricity Testing Results
Testing electricity usage is done by analyzing the pattern
of electricity usage used by dispensers, then adjusting to the
habits carried out by users. After testing the equipment, found
below, after using the smart metering prototype, the dispenser
will light up for 7 hours, on average every second using 0.42
A with a voltage of 220 V, so it uses 149.54 W of energy, and
the dispenser is used for 7 hours so that 149.54 W is used
638.8 watt hour or 0.65kWh in one day.

Based on several experiments, it can be conclude that the
tool successfully disables the equipment when the user does
not use it. Using smart metering with ANN, it can save
electricity usage by 51.87%. However, if the prototype is
expected to be able to determine when the water dispenser
will light up, then the results obtained are 80.17%, meaning
that 80.17% of the equipment is able to turn on the drinking
water dispenser at the right time.

In addition, the power usage used by smart metering
prototypes needs to be calculated to determine the daily use,
prototype models require around 0.01 A with a voltage of 220
V, so that a day requires 52.8 watts of hours per day, so that
the total energy needed per day is around 0.69kWh. If
prototype devices are used continuously for a month, the
amount of power used by dispensers and smart metering
devices is 20.7 kWh, based on the latest electricity prices, the
price of each kWh is currently Rp. 1,644.- so that the costs
incurred amounted to Rp. 34,030.
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