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Based on the background, the topic of this study is how to
implement the smart home lighting prototype by using the
Decision Tree method to determine the prediction of the
pattern of lamp use and increase the significance of power
savings.

Abstract – This paper proposes a home lighting system for
efficiently power consumption using Decision Tree method.
Electricity is one of the most important needs for human life.
However, excessive and unattended power consumption can
lead to excessive costs. Therefore the smart lighting system is
required to predict the pattern of use of household lights.
Previous research has used Artificial Neural Network (ANN)
method. However, this method has a weakness in accuracy.
Decision tree has an advantage that is accurate, simple, easy to
implement and evaluate. The purpose of this research is to
analyze Decision Tree's performance in smart home lighting
implementation based on lamp usage pattern. Some
experiments have been done for making sure the effectiveness of
proposed method. After being analyzed, the pattern prediction
process using the decision tree method can be used
appropriately with accuracy up to 91,04% and with a significant
power saving by 33%.

On the topic of the above problems, there is a limitation
of the problem of the research which includes the tools that
are still in the form of prototypes that use PIR sensors,
magnetic door switches, and temperature and humidity
sensors. Testing on the smart home lighting prototype was
carried out in only one room.
Based on the topics and limitations, the purpose of this
study was to make a smart home lighting prototype by
utilizing the Decision Tree method which determined the
prediction of the pattern of household lighting using data
obtained from sensors to increase the significance of power
saving.

Keywords—Home lighting system, Decision Tree, Artificial
Neural Network, Efficiency

The writing organization in this study in the first chapter
contains literature studies to collect and understand
information from various journals or papers to find problem
solving. In chapter two explains the theory or study that
supports the topic of this research. In chapter three describes
the design and system of the smart home lighting prototype.
In chapter four describes the results of testing and analysis of
test results from the smart home lighting prototype. In chapter
five contains the conclusions and suggestions (Future Work)
related to this research.

I. INTRODUCTION
Electricity consumption is in line with increasing
economic growth [1]. This encourages the growth of
purchasing electricity production which causes operating
expenses to increase. For this reason, it is necessary to make
efficient use of electrical energy. One of the electronic
equipment that is often used every day is a lamp. The use of
lights at home is influenced by lifestyle and habits. These
habits can be mapped into patterns to automate usage.
Therefore, a smart home lighting system is needed to predict
the pattern of household lighting.

II. RELATED WORK
There are many papers have been proposed such as
behavior prediction [8] stated that the prediction of user
behavior patterns is a relatively new approach but promising
because the functionality of smart home is very important for
future implementation expansion.

At present, almost all human activities depend on
electricity. The habit of using electricity can be mapped into
patterns to automate use. Significance savings in power and
energy consumption can be achieved by limiting usage time
using automation of use [2]. Several methods have been
proposed for controlling electricity consumption [3] [4]. How
many machine learning methods for automating restrictions
on lamp use have been studied previously [5]. Previous
research has used several methods such as Artificial Neural
Networks [6]. But this method has weaknesses in accuracy.
Research on methods using the decision tree has been carried
out in several cases. Decision tree which has several
advantages, namely accurate, simple, easy to interpret and
easily evaluated by users [7]. Based on the above problems,
in this final project a smart home lighting technology will be
built by adding predictions in it and using the decision tree
approach method. Then analyzed the level of accuracy and
significance of power saving by comparing it between the
decision tree and with the use of power manually.

Another research proposes method based on Very Fast
Decision Tree [9] conducted a prediction study on offline
learning and online learning by comparing 4 algorithms
namely Naïve-Bayes, ANN, C4.5, VFDT and VFDT ++. The
results prove that VFDT has a very high level of accuracy in
offline learning and online listening compared to other
methods. The drawback of this research is that it has not been
implemented for smart home lighting automation. The other
paper shows the consumption prediction of electrical energy
using ANN and genetic algorithm [6].
Based on several previous methods, a system has been
created to predict the pattern of lamp use by using the
Decision Tree method and comparing the level of accuracy
and the level of power savings compared to manual use.
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Decision tree is a model for classification purposes. This
model has been developed using learning process. There are
many data have been collected as an input [10]. The decision
tree creates the model that can determine 'normal' rules that
lead to certain events on smart home.
Entropy is used to determine the selected node. Its value
can be calculated based on formula
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where c is a constant value and is samples number in class
i. Next step is calculating information gain based on formula.
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where A is an attribute, Value (A) is a set of possible values,
| | is the number of samples, | | is whole data samples and
is entropy for samples that have a value of v.
Gain Ratio and split information are used for modification
of information gain. Their formulas as follows.
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where Si to Sc are c subsets that result from solving S using
attribute A which has many C values.
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Fig. 1. Overview of Smart Home Lighting System

B. Data on the system
The data used for the study uses data from magnetic door
sensors, PIR, and DHT 11. Data is taken every 1 hour in 1
week with a total of 169 data each. 101 data is used for
training data and 68 data is used for testing data.

III. SYSTEM DESIGN
In Fig. 1 the researcher builds a smart home lighting
prototype by conducting a coupling process on sensors that
consist of PIR sensors and magnetic switches. In addition,
LED lights will also be added and also relays to adjust the
state of the lights. The circuit will be configured to read and
transmit data on the sensor using the Wemos D1 R2
microcontroller via the internet to a ThingSpeak platform.

C. System Specifications
In the Smart Home Lighting System research, researchers
used hardware and software with the functionality described
in Table I.

Thingspeak is a platform that supports the use of
MATLAB applications used by researchers as data
processing materials using the Decision Tree method. The
decision trees method is used to process and issue
information data resulting from the level of prediction of the
pattern of lamp use. After that the results of the information
will be sent to the use.

TABLE I. SYSTEM SPECIFICATIONS
Device Type

A. System Requirements
The Smart Home Lighting System has the following
functionalities:
• The system is able to predict when the lamp will turn
on or not, based on the pattern of use of lights.
• The system can be integrated with ThingSpeak
integrated with MATLAB to process input values
from sensors with decision tree methods.
• The system can save the significance of the lamp's
electrical power usage.
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Functionality

Microcontroller
Wemos D1 R2

Receive and send data from the sensor to
Thingspeak using WiFi

Magnetic Door
Sensor

Detects whether the door is open or closed

Sensor PIR

Detectors of heat energy generated from passive
infrared rays possessed by objects. In this study
used to detect the presence of humans in the room

Sensor DHT11

Measuring temperature and humidity parameters

Relay

As an electromagnetic switch for controlling
lights

Thingspeak IoT
Platform

The IoT platform is used to store sensor data
online on the internet

RapidMiner

The software used is data visualization and
calculates accuracy from the decision tree

Matlab

The software used to implement the decision tree
method

D. Testing Scenario
The testing scenario in this study was carried out in the
following way:
• Testing a series of Smart Home Lighting Systems
Researchers used magnetic door sensors, PIR, and
DHT11 which are connected to Wemos D1 R2 so that all
sensors can be read and can send data to ThingSpeak.
• Testing the decision tree method.
Researchers use training data that has been obtained from
the sensor and use it for the learning process with the decision
tree method. After that the data will be tested with data testing
with the results of the classification to produce prediction
patterns for the use of lights that will be uploaded to
ThingSpeak. After that, evaluating using confusion matrix as
a measuring tool to determine the performance based on the
level of accuracy, precision and class recall.
• Testing Significance of saving electricity power

Fig. 2. Testing results of a series of smart home lighting systems

The data used in this test is the electricity consumption of
the two systems used, namely the manual system and Smart
Home Lighting. Lamp power is adjusted to the power of the
lamp used in the room. Data calculated using test data for 2
days. From this data, the power difference and power saving
percentage will be calculated using equations 5 and 6.
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For the On class of the system shows the accuracy in
predicting the use of the lamp lights up with its precision
value (43/49) x 100% = 87.76%. While for the class Off from
the prediction system the lamp turns off the precision value
is (18/18) x 100% = 100%. The results of the system for class
recall get 100% results for class On and 75% for Off class
shows that from Whereas for the value of accuracy obtained
from the whole data is ((43+18)/67)x100%=91.04%.

(5)
(6)

100%

C. The results of testing the significance of power usage.
Significance testing using a lamp that uses 30 Watts of
power. The test uses 2 systems, namely a manual system
without using automatic lights and a smart home lighting
system. This test uses power usage data on days 6 and 7 (2
days). Table III shows the result data output of experiments.
Based on formula (5) it can be calculated power saving is
about 33%.

IV.TESTING AND ANALYSIS
A. Test results of a series of smart home lighting systems
In this experiments we use sensor data and send it to
ThingSpeak software. The sensors used are magnetic door
sensors, PIR and DHT11. Data is taken for 7 days for 24
hours. The test was successfully carried out with uploaded
sensor data on the ThingSpeak platform. Test results can be
seen in Fig. 2.

TABLE III. MANUAL SYSTEM POWER TESTING DATA

B. The results of the decision tree method testing
The test results from the decision tree method using data
testing produce a predictive value for the lamp, which is 0
(dead) or 1 (lit). The hasill is then uploaded to ThingaSpeak
which is visualized in graphical form.
The decision tree method successfully predicts the pattern
of lamp use with an accuracy of 91.04%. This can be seen
from the level of precision and class recall of the matrix of
confusion, as shown in Table II.

True Off

Class Precision

Pred On

43

6

87,76%

Pred Off

0

18

100,00%

100.00%

75%

Class Recall

Manual System
(kWh)

Smart Home
Lighting (kWh)

Difference

1

0,72

0,54

0,18

2

0,72

0,42

0,3

Total

1,44

0,96

V. CONCLUSIONS
Based on several experiments, it can be conclude that the
smart lighting system based on decision tree prediction
system has successfully been implemented. The results show
the system can function in accordance with the functionality
to store data from the sensor and send it to the ThingSpeak
server. By using magnetic sensor data switch, PIR sensor and
DHT11 sensor for 7 days, with 60% data as training data and
40% for decision tree testing process. The prediction process
using the decision tree method to predict the pattern of lamp
use has been able to work well with an accuracy rate of
91.04% and a significant power saving of 33%.

TABLE II. MATRIX OF CONFUSION
True On

Day
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