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Abstract
The project was conceived in order for the consumers to control and manage their electric
consumption. The system was programmed to limit the use of electricity based on the energy
management system and the consumers’ capacity to pay. The study applies developmental
research for designing and developing the system. For data analysis, Proteus 7, Arduino
Uno microcontroller, electronic components and devices as well as frequency count, mean,
and standard deviation were utilized. The result of this study shows that most of the
low- income household can afford to have electric bill ranging from P500-P1,000. The
energy meter can measure and control the power consumptions at the same time the energy
controller can program the use of AC loads in a given household. Likewise, the source
codes loaded to the microcontrollers were able to implement the desired function of the
system. Based on the evaluation it has a satisfactory performance in terms of performance,
durability, and reliability.
Keywords: embedded system, electric meter, energy controller, energy management
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Introduction

An energy management system is a system
using computer-aided tools to monitor,
control, and optimize the performance of
the generation or transmission system in an
electric utility grid. It could also be used
in small scale systems like micro grids (Li et
al., 2016, Saleh et al., 2017). These systems
can be used to centrally control devices
like HVAC units and lighting systems which
can provide metering, sub-metering, and
monitoring functions that allows building
managers to gather data and make more
informed decisions regarding their energy
activities. Likewise, it is also a systematic
approach to the management of energy
use which includes behavior change among
employees and management, objective use
of data to show performance, technical
improvement, and low cost operation and
maintenance of existing equipment (Malvar,
2017).
For
building
application,
energy
management system is designed specifically
for the automated control and monitoring
*correspondence: ssct.bacarro@gmail.com

of electromechanical facilities in a building
which yield significant energy consumption
such as heating, ventilation and lighting
installations.
The data obtained from
this system can then be used to perform
self-diagnostic and optimization routines
and to produce trend analysis and annual
consumption forecasts.
Likewise, home energy management
system enables domestic consumers to
take part in demand side activities. But,
it confronts some problems resulted from
the uncertainties of renewable energy
resources and consumers’ behavior; while,
the domestic consumers aim at the highest
level of comfort that should be considered
by minimizing the “response fatigue”
phenomenon (Khah and Siano, 2017).
In the Philippines, the energy management
system is still in the implementation stage
more often applied in metropolitan areas.
The Philippine Industrial Energy Efficiency
Project aims to introduce ISO 50001 or
Energy Management Standard Optimization
Approach for the improvement of industrial
energy efficiency in the Philippines. Thus,
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the country can save 2,057,755 MWh in
electricity and 6,071,000 GJ for fuel with an
estimated direct environmental benefit of
261,754 tCO2 equivalent emission reduction
from fuel and electricity savings. At the
moment, only 6 Philippine companies have
complied with ISO 50001 and 14 companies
are implementing energy management
system (Malvar, 2017).
In rural areas,
energy management system is not utilized
which brought high electric bills for the
consumers.
There are solutions that are being
developed to solve high electrical energy
consumption ranging from efficient products
to energy-saving strategies.
According
to Rusitschka (2009), to get a record
of how much electricity passes through
from the utility lines to the household
electrical system, a meter must measure
both the voltage and the amperage of the
circuit wiring at all times. He proposed
an energy meter that communicates using
a Peer-to-Peer (P2P) based network. A
smart meter which employs a P2P network
to enhance the range of operations of
the appliances.
Another approach was
the use of Artificial Intelligent Based
Smart Building Automation Controller
(AIBSBAC) (Basnayake et al., 2015)
which was developed for energy efficiency
improvements in existing buildings.
It
was designed as a plug and play device
to automate commercial buildings and
residential buildings. Similarly, Smart Home
system was developed in order to provide
comfort, energy efficiency and better security
(Chandramohan et al., 2017). However, this
system is still rarely used because of the cost
and the difficulty of getting the system.

to the main line to monitor the energy usage
and relay to cut-off energy usage.
The project shall be evaluated to both
quantitative and qualitative measurement.
Quantitative
measurement
uses
test
instruments to measure quality while
the qualitative measurement uses some
of the characteristics under the eight
(8) dimensions of quality as developed
by Garvin (1988) such as performance,
features, reliability, conformance, durability,
serviceability, aesthetics, and perceived
quality. Performance refers to a product’s
primary operating characteristics, features
are those characteristics that supplement
their basic function, reliability reflects the
probability of a product failing within a
specified time period, conformance to the
degree in which the product’s design and
operating characteristics meet established
standards, durability is the amount of
use one gets from a product before it
deteriorates, serviceability is the speed and
ease of repair, aesthetics refers to how the
product looks, feel, sounds, tastes, or smells
– clearly personal judgment, and perceived
quality are indirect measures serve as basis
for comparing brands. Only a few of these
dimensions shall be used in the evaluation
of the project.

However, the project has some limitations
among them are the size of the LCD display
that will be applied since it is only a
prototype. Wiring within the system are
not standard and terminal block are placed
inside the PCB. Delay timer that connects
the load was not placed in case brownout will
occur that is needed for the microcontroller
to re-boot during power interruption. Touch
buttons are to be included for the user to
The project that the authors want to freely manipulate the system.
With the power shortage and the rise in
design and develop will use the principle of
energy management system as applied in the the cost of electricity nowadays, people in
household located in rural areas. The brain rural areas have felt the impact of these
of the system is an Arduino microcontroller changes. With this premise, this project
which monitors and controls the energy was conceived to help reduce the problem
usage within the household.
Likewise, of paying high electric bills. The objective
the microcontroller can be programmed of this study is to develop and implement
according to the usage of the electrical an automated energy meter and controller
devices and the capacity of the users to pay that will provide the household owners apply
electric bills. Current sensors are connected energy management system in rural areas in
38
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order to minimize, control, and save electrical electrical energy programmed to the device.
The output of the energy meter which is
energy.
the relay one will be cascaded to the energy
controller under the second microcontroller
1.1 Conceptual Framework
which programmed the heavy and light AC
Figure 1 presents the Input, Process, and loads for its time of use. This AC loads
Output diagram of the study.
are common household appliances connected
The Input block shows the resources to the outlet while the lighting system
needed to build the system such as the is connected to the switch to control the
computer,
microcontroller,
electronic lighting system within the residence.
components and Proteus software.
The
Process block is the procedure of making
the system wherein the design of the
system was based on the requirements 2.3 Materials
of the consumers followed by program
simulation in the microcontroller. After The following are the materials used to
several testing, the system was finalized develop the system.
through
proper
production
method.
Power Supply is designed to convert high
The Output block is the output of the voltage AC mains electricity to a suitable DC
study which is the Automated Energy voltage supply for electronic circuits.
Meter and Controller.
The Evaluation
Micro-Controller (Arduino Uno)
block determines the performance of the is an open-source prototyping platform
system based on test instruments reading that provides easy-to-use hardware and
(quantitative evaluation) and based on programming environments.
It performs
user perception based on the dimensions of almost all process inside and outside the
quality (qualitative evaluation).
system.
The study was anchored in the application
Micro-Controller (ATMega 328P) is a
of embedded systems in energy control.
device responsible for detection and polling
of the peripherals status. It is responsible
2 Methods
for making and prioritizing all the devices
attached to it.

2.1

Research Design

This study uses a developmental research
design. This design involves the systematic
study of designing, developing, and
evaluating instructional programs, processes,
and products that must meet the criteria
of internal consistency and effectiveness
(Richey, 1994).
Such method aims to
develop and make a reliable system that can
monitor and control the household energy
consumption.

2.2

Project Design

Real Time Clock is a device that
generates seconds, minutes, hours, days,
dates, months and years timing and
proved valid until the year 2100 leap year
compensation.
MicroSD Module is a memory device
used for data storing or data logging
procedure, includes an on-board voltage level
conversion for easy interface with 3V or 5V
devices.
Current Sensor is used for current
sensing. The device consists of a precision,
low-offset linear Hall circuit with a copper
conduction path located near the die.

Figure 2 presents the block diagram of the
Relay is a device that opens or closes a
system.
contact
when energized.
In the figure, the electricity at the
LCD Display is a 3.2 inches capacitive
AC source will pass through the energy
meter controlled by microcontroller one touch screen LCD use to interface the system
which monitors and controls the amount of for the users.
39
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Figure 1. The IPO Diagram of the study

Figure 2. Block diagram of the system

2.4

Participants

data were gathered through the use of test
instruments in various test points within
The participants were invited to become part the system. When the system was fully
of the study using purposive convenience functional, the quality of the system was
sampling. Table 1 presents the profile of the evaluated through a survey questionnaire
participants.
based on the dimensions of quality.
Table 1. Profile of the participants

2.6
Participants
Electronics Engineer
Electrical Engineer
Computer Engineer
Household Owner

f(n=53)
1
1
1
50

%
1.88
1.88
1.88
94.33

The engineers were selected for assessing
and building the system while the household
owners for the performance usability of the
system.

2.5

Data Gathering

The system was conceptualized through
available information that can be searched
in the internet.
After the design was
finalized and the system was implemented,

Data Analysis and Treatment

Proteus 7 is a proprietary software tool
suite used primarily for electronic design
automation. This software was used for
simulating the system and to evaluate if
the created circuit is functional.
The
Arduino software is an open source computer
software for microcontrollers that is used
for interactive objects that can sense and
control in the physical world. This software
is used for encoding the source code to
work according to its desired hardware
programming.
Likewise, frequency count is a measure of
the number of times that an event occurs.
It was used to measure the number of times
the heavy loads were used. Mean is used to
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Table 2. Profile of the respondents in Sitio Songkoy, Brgy Poctoy, Surigao City and Barangay Balite, San
Francisco, SDN

Participants

Sitio Songkoy,
f(n=30)

Brgy. Poctoy
%

Brgy. Balite,
f(n=20)

San Francisco
%

10
20

33.33
66.67

4
16

20.00
80.00

3
25
1
1

10.00
83.33
3.33
3.33

1
15

5.00
75.00

4

20.00

1
1
9
6
13

3.33
3.33
30.00
20.00
43.33
3

3
4
10
15.00

15.00
20.00
50.00

Gender
Male
Female
Civil Status
Single
Married
Separated
Widow
Age
15 & Below
16-25 Years Old
26-35 Years Old
36-45 Years Old
46-55 Years Old
56 & above

Table 3. Profile of the Household

derive the central tendency of the data in
question. This tool was used to compute the
average electric consumption in a household.
Standard deviation is a measure that is used
to quantify the amount of variation of a set
of data values. It is where the total data
from the mean and frequency count is being
computed, to know the stability of the data.

3
3.1

Results and Discussion
Energy
Characteristics
Consumers

Consumption
of
the

Figure 3 presents the location map of the
community under survey. The respondents of
the study were residents from Sitio Songkoy,
Brgy Poctoy, Surigao City and Barangay
Balite, San Francisco, Surigao del Norte.
Table 2 presents the profile of the
respondents in the community.
The profile of the respondents in Table
2 shows that there are more females than
males, the majority of them were married
and they are in the age bracket from 46 to
55 years old and above in Sitio Songkoy,
Brgy Poctoy, Surigao City. Also in Table
2, the survey shows that majority of the
respondents from Brgy Balite, San Francisco,
SDN are mostly 46-55 years old, married and
female.

Variables
Person living inside the house
Rooms inside the house
Number of light bulbs
Number of appliances
Number of outlets
Monthly Electric Bill

M
3 persons
2 rooms
2 light bulbs
2 appliances
2 outlets
P500–P1,000

Table 3 shows the average result based on
the profile of the household.
The household profile shows the number
of persons living inside the house, rooms and
number of light bulbs, number of appliances,
outlets and the monthly electricity bill.
Most of the houses that were surveyed have
an average of 2 rooms with an average of 3
persons living inside the house. Furthermore,
those houses have an average of 2 bulbs for
the lighting system and 2 electrical outlets
for the appliances. The people living in these
houses are paying only an average of P500
to P1,000 pesos in their electric bills. This
means that the people living in these houses
have small family members.
Table 4 shows the device usage per month.
Each appliance has a different time of
usage. With respect to the energy usage of
the respondents, the people living in these
houses used energy more (6 hrs) in the
lighting system, followed by the television set
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Figure 3. Location Map of Sitio Songkoy, Brgy Poctoy, Surigao City (left) and Barangay Balite, San
Francisco, Surigao del Norte (right)

Table 4. Appliance usage in the household
Appliance
Bulb/Fluorescent
Television
Sound System
Electric Fan

Time
6pm–12am
12pm-2pm and 6pm–9pm
11am-12pm and 3pm–4pm
12pm-1pm and 9pm–12am

Usage
(Hrs)
6
5
2
4

Usage/
month (Hrs)
180
150
60
120

Iron. These appliances show that the people
living in these rural areas are not poor.
Table 6 shows the average energy usage of
the household.
The monthly energy usage of the
household was computed by getting the
number of hours an appliance is used
Table 5. Profile of electrical appliances commonly multiplied to its wattage and the number
used in the households
of days. Likewise, it was found out in
the survey that majority of the energy
Appliances
f(n=50) %
consumption in the households is thru the
Rice Cooker
35
70
use of Electric Iron, Washing Machine, Rice
Heater
13
25
Cooker, and Refrigerator. These devices
Sound System
8
15
Electric Fan
45
90
have a high consumption of energy since
Electric Iron
30
60
they are heating appliances and inductive
Bulbs/Fluorescent
50
100
load.
(5 hrs), electric fan (4 hrs), and then the
sound system (2 hrs). The data shows the
lifestyle in the rural areas wherein people use
less energy than in the urban areas.
Table 5 shows the average appliances used
in the household.

Television
Washing Machine
Refrigerator
Air Condition
Water Dispenser
Karaoke

48
25
30
10
5
3

95
50
60
20
10
5

3.2
3.2.1

Technical Description of the
System
Energy Meter

Figure 4 shows the block diagram of the
Based on the profile of electrical devices energy meter, it has six main components the
used in the household, most of the houses are Power Supply, Arduino Uno, LCD Display,
using Bulbs/Fluorescent, Television, Electric Keypad, and Relay.
The user must input their desired value
Fan, Rice Cooker, Refrigerator, and Electric
42
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Table 6. Average Energy Usage of the Household
APPLIANCE
Television
Radio
Rice Cooker
Electric Iron
Cellphone
Washing Machine
Refrigerator
Electric Fan
Light Bulbs

W
90W
5W
450W
750W
4W
500W
150W
50W
15W

Hrs./Day Kwh/Day Kwh/Mo.
2
0.180
5.400
2
0.010
300
2
0.900
27.000
2
1.500
45.000
2
0.008
0.240
2
1.000
30.000
6
0.900
27.000
2
0.100
3.000
6
0.090
2.700

Figure 4. The block diagram of the energy meter.

or their desired monthly budget for their
electricity through the keypad to set the
price of the electricity per kilowatt-hour.
The microcontroller will monitor the energy
usage thru the current sensor and display
the equivalent amount of electricity bill that
has been consumed thru the LCD screen.
When that value reaches its programmed
kWh, the energy meter will activate the relay
and cut-off the main supply.
Figure 5 shows the circuit diagram of the
energy meter.
The energy meter uses Arduino Uno
microcontrollers as the brain of the circuit.
The first microcontroller is the energy
meter and the second microcontroller is the
controller of the system, the current sensor
used is the ACS758 which uses hall-effect to
read the current along the line and connected
to the A3 of the first microcontroller. To
measure the voltage across the line the
Arduino’s internal ADC and using bridge
rectifier diode to convert the voltage from AC
to DC and a voltage divider circuit connected
to the A2, since the Arduino takes only a

maximum of +5V which is equivalent to 1024
bit in Arduino and using some calculations
and calibrations, the system obtains the line
voltage. The kilowatt-hour is then calculated
by the first Arduino same with the electricity
bill and then displayed in the LCD.
Figure 6 presents the flowchart of the
energy meter operation
The flowchart shows the operation of the
system, upon starting the instrument the
user must input the usage limit, the price
per kilowatt-hour and the cutoff date. The
users have the options for them to choose
whether they want to cut off their main
supply automatically if their usage limit and
cutoff date are attained.
Shown in Figure 7 is the pictorial diagram
of the energy meter.
The design of the automated energy meter
was an innovation from the digital electric
meter available in the market and is used
by the electric cooperatives installed in
the residential houses of the cooperative
members. The prime purpose of this system
was to program it according to the paying
capacity of the house owners in order to
control if not to lessen their electrical bills.
Thus, this concept is similar to the prepaid
system in cellular phones such that it will
automatically shut-off if the load is already
consumed.
3.2.2

Energy Controller

Figure 8 shows the block diagram of the
energy controller.
After uploading the source code into the
microcontroller, the system is set to control
the ac loads. The relay will be activated
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Figure 5. The circuit diagram of the energy meter

Figure 6. Flowchart diagram of the energy meter
or deactivated by the microcontroller based output of the energy meter and it dictates
on the source code.
The input energy when the whole ac load will be activated
of the energy controller comes from the or deactivated. The system has six main
44
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D13, D10, 5V and GND, respectively. The 4
channel relay module has 6 pins which consist
of VC C , GND, In1, In2, In3, and In4. VC C
and GND are connected to the 5V and GND
of the Arduino while the In1, In2, In3, and
In4 are connected to the D4, D5, D6 and D7,
respectively.
Figure 10 shows the flowchart of the energy
controller operation.
The source code always calculates the total
hours in the SD card every time the system
starts. The time and the total hours are
always displayed on the LCD. The devices
are switch on when the specific time reach
Figure 7. Pictorial diagram of the energy meter and save the total hours to the SD Card.
The system will display the maximum total
hours reached and switch off the relays if the
maximum total hours is reached.
Figure
11
presents
the
pictorial
representation of the energy controller.
The design of the automated energy
controller was to control the time of usage
of the appliances connected to the outlet or
to the lighting system of the house. Unlike
the energy meter, this system activates
or deactivates the ac load either heavy
loads or light loads based on the time
of usage set by the user. In this part,
the energy management of the residential
house was automated as programmed in the
Figure 8.
The block diagram of the energy microcontroller in terms of time of usage.
controller
Thus, a low-cost smart building automation
controller is utilized and applied in the
residential level.
components namely Power supply, Arduino
Uno, LCD display, RTC, SD Card, and
3.2.3 System Test Results
Relays.
Figure 9 shows the schematic diagram
of the energy controller.
The major
components of the system are the Arduino
Uno, Real-time-clock, SD card module, LCD
display and 4 channel relay module.
The Arduino Uno is the brain of the
system that controls the four modules. The
real-time clock module’s SDA and SCL are
connected to the A4 and A5 pins of the
microcontroller. The LCD display module
SCL and SDA pins are connected to the
Arduino Uno’s SDA and SCL. The SD card
module has 6 pins which are connected to
the Arduino. MISO, MOSI, SCK, CS, VCC
and GND are connected to the D12, D11,

Figure 12 presents the pictorial diagram of
the whole system.
The pictorial diagram of the whole
system depicts the connection of the two
sub-systems which are the energy meter and
the energy controller. The main electric
source is connected to the energy meter.
Then the output of the energy meter is
then connected to the input of the energy
controller which controls the ac loads. In this
model, the energy controller controls three
convenience outlet and five bulbs.
Table 7 presents the operational capability
of the energy meter and energy controller
based on the variation of the input voltage.
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Figure 9. The schematic diagram of the energy controller

Figure 10. The flowchart of the energy controller operation
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Table 7. Functionality test of the sub-systems based on variation of input voltage
Input Voltage
(VAC )
214
217
220
223
226

Sub-system Test
Energy Meter
Energy Controller
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational
Operational

Table 8. Functionality test of the energy meter based on the microcontroller source code
Microcontroller
Program
Energy Usage
Electrical Bill Amount

Programmed Energy
and Amount
20 KWh
50 KWh
P800.00
P1,000.00

Energy Meter Usage Test
Test 1
Test 2
Test 3
20 KWh
20 KWh
20 KWh
50 KWh
50 KWh
50 KWh
P800.00
P800.00
P800.00
P1,000.00 P1,000.00 P1,000.00

The input voltage of the main supply
was varied at ± 3% from the usual 220 V
supplied by the electric cooperatives. In this
test, both the energy meter and the energy
controller were still functional based on its
intended design. This test is very important
in order to determine the reliability of the
system even if there is voltage variation in
the source.
Table 8 presents the operational capability
of the energy meter.

Figure 11.
controller

In Table 8, the energy meter was
pre-programmed based on energy usage as
well as the electric bill amount that the owner
Pictorial diagram of the energy wishes to use. The result shows that the
energy meters were able to cut-off the main
ac supply when the pre-programmed value
were consumed either using pre-programmed
energy or its equivalent amount.
Table 9 presents the operational capability
of the energy controller

Figure 12. Pictorial diagram of the whole system

For Table 9, the energy was tested based
on the pre-programmed usage of the AC
Load.
This AC Loads were bulbs or
fluorescent lamps, television set, radio or
sound system, and electric fan which are
common to the houses of the respondents
being studied. The result shows that there
are some discrepancies in time, however,
the time of usage is still the same as
programmed. The time discrepancies are
due to the none synchronization of the RTC
module and the clock being used in the test.
47

Bacarro, et al.

Journal of Science & Technology, Volume 4, 2018

Table 9. Functionality test of the energy controller based on the microcontroller source code
AC Load

Bulb
TV
Radio
Electric
Fan

Microcontroller
Program
Time
Time
On
Off
18:00
24:00
12:00
14:00
18:00
21:00
11:00
12:00
15:00
16:00
12:00
13:00
21:00
24:00

AC Load Test
Test 2
Time
Time
On
Off
18:00
24:00
12:00
14:00
18:02
21:02
11:02
12:00
15:00
16:00
12:01
13:00
21:00
24:00

Test 1
Time
Time
On
Off
18:00
24:01
12:01
14:00
18:00
21:00
11:00
12:02
15:01
16:01
12:00
13:01
21:02
24:02

Test 3
Time
Time
On
Off
18:00
24:00
12:02
14:02
18:02
21:02
11:00
12:00
15:01
16:01
12:00
13:00
21:02
24:00

Table 10. Quality evaluation of the energy meter
Variables
Performance
Accurate reading the energy consumption
Accurate computation of the electricity bill
On-time Cutting-off the main supply
Total Mean
Durability
The design of the circuit and its PCB
The design and material used in the casing
The electronic devices used in the circuit
Total Mean
Reliability
Current monitoring and display of electricity bill
Ease of use in the user interface
Total Mean
Grand Mean

3.3

Quality of the System

The quality of the system was evaluated
separately, one evaluation for the energy
meter and the other evaluation for the energy
controller.
Table 10 shows the quality of the energy
meter as evaluated by household owners
in terms of performance, durability, and
reliability.
The assessment shows that the energy
meter has met the requirement of the
household owners in terms of accuracy,
durability and reliability. It has a Very
Satisfactory rating in terms of Reliability
(3.37) and Durability (3.12) and Satisfactory
rating of 3.18 in terms of Performance.
Thus, the performance characteristics of
the energy meter have satisfactorily complied
its primary operating characteristics with the
accurate reading of the energy consumption
and computation electric bill and timely

M

SD

QD

3.30
3.15
3.10
3.18

0.4702
0.4894
0.3078
0.4225

Very Satisfactory
Satisfactory
Satisfactory
Satisfactory

3.30
2.50
3.55
3.12

0.4702
0.5130
0.5104
0.4979

Very Satisfactory
Satisfactory
Very Satisfactory
Satisfactory

3.35
3.40
3.37
3.22

0.4894
0.4920
0.4907
0.4704

Very Satisfactory
Very Satisfactory
Satisfactory
Satisfactory

shutting off the source based on the
program of the microcontroller. For the
reliability evaluation it has very satisfactory
compliance since the system reflects the
conformance of the product’s operating
characteristics meets established standards.
The durability of the energy controller
is also very satisfactory since by visual
inspection the system will last long before it
deteriorates.
Table 11 presents energy controller
performance in terms of performance,
durability and effectiveness. In the table,
the energy controller has Satisfactory
performance in terms of Efficiency (3.20),
Durability (2.97), and Effectiveness (3.25).
For the performance of the system, it
has satisfactorily complied the efficiency
of its operation and its capability to
control the ac loads which is the primary
operating characteristics of the energy
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Table 11. Quality evaluation of the energy controller
Variables
Performance
Efficiency of the system
Capability to control the AC load
Total Mean
Durability
The design of the circuit and its PCB
The electronic devices used in the circuit
The design and material used in the casing
The system of wiring installation
Total Mean
Reliability
On-time control of the AC loads
Cooling system of the system environment
user friendliness as to operation
Total Mean
Grand Mean

M

SD

QD

3.20
2.76
3.20

0.6000
0.6582
0.6000

Satisfactory
Satisfactory
Satisfactory

2.93
2.96
2.93
2.90
2.97

0.5744
0.6582
0.7724
0.7071
0.6714

Satisfactory
Satisfactory
Very Satisfactory
Satisfactory
Satisfactory

3.20
3.33
3.23
3.25
3.15

0.7023
0.7461
0.8422
0.7635
0.6783

Satisfactory
Very Satisfactory
Satisfactory
Satisfactory
Satisfactory

controller. reliability reflects the probability 5 References Cited
of a product failing within a specified
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building automation controller for
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J.,
Nagarajan,
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respondents used the following appliances Chandramohan,
Satheeshkumar,
K.,
Ajithkumar,
in their households such as television,
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