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ABSTRACT  

This research enhances Smart Home Systems by integrating an Automatic Transfer Switch (ATS) for 

seamless power source switching between the grid and a backup battery, ensuring uninterrupted operation 

during power disruptions. An Automatic Battery Charging (ABC) system optimizes battery charging based 

on its condition, improving energy storage and efficiency. The system provides on-site electrical equipment 

control and sensor data access via a Human Machine Interface (HMI). Remote monitoring and control 

through the Blynk app offer convenience. Additionally, an energy consumption estimation feature allows 

users to estimate billing costs, with the Battery State of Charge (SoC) indicating the remaining battery 

capacity. Hardware testing showed the system's reliability with a 2-4 second ATS response and ±2-second 

ABC response. This research offers homeowners reliable power continuity and energy optimization. It 

contributes to IoT-based smart home systems, demonstrating ATS and ABC effectiveness, advancing both 

theory and practice for modern smart living. 
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1. Introduction  
Technology innovation rapidly develops, improving human convenience and comfort in 

various aspects of life. The emerging technology currently used in various fields is the Internet of 

Things (IoT) (Dey et al., 2016)(Singh et al., 2019)(Asghar et al., 2015). IoT system continuously 

maintains connectivity to the internet network so that connected sensors or components can be 
monitored and controlled remotely (Panduardi et al., 2016)(Wardana et al., 2023). This 

technology is growing popular and attracts more research focus nowadays, such as in agriculture 

(Atmaja et al., 2021)(Prasetia et al., 2021)(Rahmatullah et al., 2023), animal cage control and 
monitoring (Farahiyah & Purnama, 2021), inventory systems (Wicaksono et al., 2021), vital 

human signs (Shahadi et al., 2021), monitoring system (Purnomo et al., 2021)(Wicaksono & 

Rahmatya, 2022), mobile security vehicles (Husni et al., 2021) and food (Riadi & Syaefudin, 

2021).  
One of the project developments of IoT is the Smart Home System (Agarwal et al., 

2019)(Kim et al., 2015). Smart Home lets users access electronic devices at home anytime and 

anywhere using the cloud system (Ahmad et al., 2021)(Azman et al., 2023)(F. D. Rahmaniar et 
al., 2023). Meanwhile, cloud systems allow access to and store data from all sensor activity or 

components connected to the Internet network, allowing our home appliances to be controlled via 

smartphones (Haque et al., 2019)(Ransing & Rajput, 2015)(Brundha et al., 2018)(Suesaowaluk, 

2020). Currently, there are many IoT platforms, such as Blynk, Ubidots, IBM Bluemix, and 
Devicepilots (Hisham Che Soh et al., 2019) (Fikri et al., 2021), that can be employed in smart 

home systems. Various smart home systems have been developed (Kumar & Lee, 

2014)(Tharaniya Soundhari & Brilly Sangeetha, 2015)(Yang et al., 2009). Mostly, they used 
Bluetooth and Wi-Fi for internet connection. The use of Bluetooth is low-cost and easy to install 

but distance-limited (Naresh et al., 2013)(Withanage et al., 2014)(Vishwakarma et al., 2019). On 

the other hand, Wi-Fi provides advantages without distance limitations (Somani et al., 
2018)(Vaidya & Vishwakarma, 2018)(Salman et al., 2017)(Adiono et al., 2017). 

Electrical energy is a fundamental factor in increasing the convenience and comfort of 

every human activity in today's era (Indikawati & Zamroni, 2019). Both housing, industry, and 
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offices require electricity to operate various electrical equipment. In principle, the distribution of 
electricity from the generator to the consumer is carried out through an open transmission 

network. Unfortunately, the open transmission allows disturbances to occur, enabling disruption 

of power flow from the grid (in Indonesia, supplied by the state-owned company, PT PLN) to 

consumers (Senen et al., 2022). These disturbances can take the form of damaged circuits, poles, 
or cables that cause electricity distribution from the grid to stop, which is basically a power outage. 

On many occasions, a continuous electricity supply for a particular activity is needed. Therefore, 

a backup power supply is required for the primary power grid. 
In many cases, the electricity backup supply is turned on manually, making it less efficient 

and requiring a longer transition time between the grid supply and the backup supply. A tool such 

as Automatic Transfer Switch (ATS) was created to solve this problem. ATS is useful for 
switching from the main supply (grid) to the backup supply (Kurniawan, 2020). Thus, when the 

electricity from the grid goes out, the backup supply will turn on and supply electricity to the load. 

Some researchers have researched ATS on many occasions. Syah et al. (2021) propose 

Arduino-based ATS which controls the power switch between the grid and the generator. From 
the experimental testing, they conclude that the switching time from main to backup is 15.13s 

which is close to the standard time which is 15s. Dev, et al. (2020), propose a three-mode single-

phase automatic changeover controller. The power sources used are a grid, solar panel, and 
generator. The switching time is only 5mS. However, this validation is only in a simulation 

environment. Nkemjika, et al. (2019) use a comparator to detect the presence of power from the 

grid as the main supply. If there is no voltage from the grid, the switch connects to the battery. 
However, their proposed system is not explained in detail. 

Batteries as energy storage for backup supply must always be ensured to be fully charged. 

When fully charged, the battery must also be stopped immediately so that the charging process 

does not occur; overcharging can shorten battery life. An automatic cut-off device can be made 
to cut off electricity to the battery if the battery is fully charged to avoid overcharging. The battery 

can also be over-discharged if continuously used without charging, causing the battery to drain. 

Similarly, an automatic charging device can be made so that the battery can charge automatically 
before it reaches its minimum limit to overcome over-discharge. 

Meanwhile, research about the use of batteries as power backup was done by Sabry et al. 

(2019), who proposed a battery backup system using a DC-bus with a DC load. They concluded 

that the power loss in the conversion process could be avoided using a direct DC bus. Suryanto et 
al. (2020) proposed a control system of smart home energy management that used a grid supply 

and battery supply. However, most of the researchers did not utilize any automatic battery charger 

for their system. Meanwhile, Saleh et al. (2017) used renewable energy sources for energy 
backup: wind turbines and solar panels. There was no integration with IoT, and it only used the 

LCD to monitor system conditions.  

Smart homes often encountered today are still focused on remotely controlling home 
electrical appliances and home lighting (Hermanu et al., 2022). Based on the objective of 

maintaining the continuity of electrical supply, researchers combine the smart home with 

renewable energy sources (RES) such as solar panels (Saputro et al., 2023). Whereas another uses 

an electric vehicle (EV) battery which is connected to the home as power backup (Shin & Baldick, 
2017)(Mohamed et al., 2023). Both RES and EV batteries are a complex and expensive solution 

for power outages in a smart home. While, an uninterruptible power supply (UPS), has a limited 

load and needs additional devices to be connected to the IoT system in the smart home. Therefore, 
this research aims to propose a Smart Home System with an Automatic Transfer Switch (ATS) 

and Automatic Battery Charging (ABC), making the Smart Home System be supplied 

continuously with electricity from a grid or batteries with a low-cost system. The batteries can 
automatically charge if the power is reduced, and there is a grid electricity supply that can be cut 

off automatically when the battery is fully charged. Hence, it is more efficient and requires less 

time to transition between the grid and the backup supply. The IoT system monitors both supply 

conditions and can be used to turn on/off the load via an internet connection. 
Meanwhile, the main contribution of the paper can be listed as follows: 

1) This paper presents a smart home system with battery backup that can maintain an 

uninterrupted electrical supply when a power outage from the grid happens by using ATS as 
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a switching device. Compared to the conventional generator-set backup, the proposed system 
uses a standby battery; therefore, it can be directly used when there is an outage. 

2) The system has automatic charging for the battery; therefore, the other energy source, for 

instance, a solar panel, is not required. This means the initial cost for the system is cheaper 

than using solar panel backup. 
3) There are two ways to monitor systems: on-site via HMI and off-side using IoT. The 

monitoring system controls the electrical device activation and gives the electric billing 

estimation. 
The rest of the paper will be organized as follows. A review of the smart home system, 

ATS, and ABC will be presented in Section 2, while hardware implementation results will be 

discussed in Section 3. The last section is the conclusion. 

 

2. Literature Review 

2.1 Smart Home System Based on The Internet of Things (IoT) 
The concept of a smart home represents a significant technological advancement, offering 

automated control over electronic devices in various settings, including homes, offices, and more, 
through internet connectivity. This technology enables real-time monitoring and remote control, 

enhancing convenience and efficiency in managing daily tasks. However, it's essential to 

acknowledge that smart home systems, while promising, face challenges related to power outages 
and manual power source switching. Traditional smart home solutions often overlook the critical 

issue of power disruptions, leaving users vulnerable to interruptions in electrical supply. Such 

interruptions can disrupt daily routines, compromise security, and impact overall user experience. 

To address these challenges, this research focuses on the development of a Smart Home 
System that not only offers remote control over lighting and electronic equipment but also 

incorporates automatic power source switching between the grid and a backup battery. This 

feature ensures continuous power availability, eliminating the need for manual intervention 
during power outages. By doing so, the system aims to provide users with an uninterrupted and 

seamless smart living experience that maximizes efficiency in terms of time and energy 

utilization. 
In the present study, IoT plays a pivotal role in the Smart Home System's functionality. The 

Arduino acts as the main control for processing the data from the sensor and gives output to the 

relays. Whereas, it is connected to the internet network through the ESP8266 WiFi module, a 

cost-effective and versatile component that facilitates internet connectivity for the system (Asman 
et al., 2020)(Putra et al., 2022). The IoT concept encompasses five layers: perception, network, 

middleware, application, and business layers, as illustrated in Figure 1. The perception layer of 

our system comprises essential components, including the PZEM004T sensor for electrical 
parameter monitoring, a DC voltage sensor, an ESP8266 WiFi module for internet connectivity, 

and a relay for actuation. This layer collects data from various sensors and devices within the 

smart home, forming the foundation for real-time monitoring and control. For network 
communication, the network layer utilizes IEEE 802.11n WiFi, ensuring reliable and high-speed 

data transfer within the local network. This layer allows seamless connectivity between devices, 

enabling efficient data exchange. At the middleware layer, the system leverages Blynk Cloud, a 

robust and user-friendly IoT platform. Blynk Cloud serves as a bridge between the hardware 
components and the user interfaces, facilitating data exchange and control commands. 

Additionally, the application layer relies on the Blynk App, which provides an intuitive graphical 

user interface for remote monitoring and control of smart home devices. 
One of the features of the designed smart home system is performing on-site and remote 

monitoring control. The remote control and monitoring use the Blynk application, while on-site 

control and monitoring use the Nextion LCD as HMI. The system architecture is shown in Figure 

2.  Blynk itself is a server service for Internet of Things projects in the form of a digital dashboard 
with graphical interface facilities for doing the project. The integration of Blynk Cloud and the 

Blynk App empowers users to monitor and control their home devices remotely and in real-time. 

Whether adjusting lighting, checking electrical parameters, or ensuring backup power during 
outages, IoT technology through Blynk offers a streamlined and user-friendly interface. 
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Nextion LCD is a display module from Nextion as an HMI (Human Machine Interface) 
that provides a visualization and control interface between humans with processes, machines, and 

applications. This HMI provides Nextion editor software for GUI (Graphical User Interface) 

creation/design. This research used USART communication between HMI Nextion and Arduino 

Mega 2560. 

 
Fig. 1. Layers Of Internet Of Things Architecture (Antão et al., 2018) 

 

 
Fig. 2. The Proposed System IoT Architecture 

 

2.2 Automatic Transfer Switch (ATS) 
An Automatic Transfer Switch (ATS) serves as a critical component in the Smart Home 

System, seamlessly transitioning the power source between the grid and the battery backup. ATS 

operates through complex yet precise mathematical logic reasoning, utilizing a combination of 

essential tools, including Relays, Timers, Contactors, and MCBs (Miniature Circuit Breakers). 
These tools function primarily as switches or breakers, ensuring uninterrupted power supply to 

the home. The choice of ATS components is intricately linked to the electricity consumption 

patterns within the smart home. In essence, the level of electrical power consumption directly 

influences the specifications of the ATS components, and the size of the cables used in the system. 
When electrical power consumption is high, it necessitates the use of robust components and 

larger cables to accommodate the load effectively. 

In our research, the key ATS components are the 5 VDC 30 Ampere relay and the AC 
voltage sensor, specifically the PZEM004T V3 sensor. The PZEM004T V3 sensor represents a 

multifunctional electronic module capable of measuring various essential parameters, including 

RMS voltage, RMS current, active power, frequency, energy, and power factor. Notably, this 
sensor seamlessly interfaces with open-source platforms like Arduino or ESP8266, enhancing its 

versatility and compatibility within our Smart Home System. The relay module, on the other hand, 

functions as a critical electric switch within the ATS. It operates through the transformation of an 

electromagnet's source voltage, effectively altering the positions between Normally Open (NO) 
and Normally Closed (NC) states. This dynamic switching capability ensures that the ATS can 
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swiftly respond to changes in the power source, guaranteeing an uninterrupted power supply to 
the smart home. 

 

2.3 Automatic Battery Charging (ABC) 
The Automatic Battery Charging (ABC) system, developed as part of this research, is a 

critical component of the Smart Home System. It ensures efficient battery charging based on the 

battery's characteristics and state. The SoC (State of Charge) is a pivotal metric representing the 

battery's capacity expressed as a percentage. Accurate SoC estimation is fundamental for effective 
battery management. Several methods exist for estimating SoC, including the Open Circuit 

Voltage (OCV) method, Coulomb calculation method, neural network method, and Kalman Filter 

method (Zhang & Fan, 2020)(W. Rahmaniar & Rakhmania, 2021). In this study, we have 

employed the OCV method for its simplicity and high accuracy (Farmann & Sauer, 2017). 
The OCV method relies on the battery's voltage behavior during charge and discharge 

cycles. It involves measuring the battery's open circuit voltage when it is not connected to any 

load or charger. By comparing this OCV with pre-determined voltage profiles associated with 
different SoC levels, our system can accurately estimate the battery's current SoC. Depth of 

Discharge (DoD), on the other hand, represents the current battery value, expressed as a 

percentage of the total capacity that has been used. In our research, both SoC and DoD are critical 
parameters for optimizing battery charging and ensuring efficient energy utilization. 

To apply these estimation methods effectively, we have thoroughly characterized the 

battery's behavior by testing its lower and upper voltage limits. The data obtained from these tests 

inform the programming of our Automatic Battery Charging system. Specifically, the values 
entered in the Arduino code are derived from calculations involving both SoC and DoD. In our 

system, we have set a minimum battery SoC threshold of 30%, which implies a maximum DoD 

of 70%. SoC and DoD of the battery can be calculated as expressed in (1) and (2), respectively. 
This ensures that the battery never fully discharges, prolonging its lifespan and maintaining its 

reliability. 

The Automatic Battery Charging (ABC) designed in this research was composed of a 

5VDC 30A relay component and a DC voltage sensor. The DC voltage sensor is a voltage divider 
circuit made into a module. This DC voltage sensor module can measure voltages up to 25 V. 

This automatic charging system comes from programming after knowing the characteristics of 

the battery. 

2.4 Battery Backup 
The valve regulated lead–acid (VRLA) battery is a dry battery that uses lead-acid as a 

chemical. There are two types of this battery, namely a starting battery, better known as the 

automotive battery, and a deep cycle battery, also known as an industrial battery. In this study, 

the battery type was a deep cycle. The VRLA battery is more suitable for applications of large 
amounts of energy storage media but with a low energy charging speed. The specifications of the 

VRLA SMT1233 battery used are reviewed in Table 1. 
Table 1 - VLRA Battery Specification 

Model SMT1233 

Voltage 12 V 
Capacity 33 Ah 

Discharging Current 0.17 C (FV 1.7V/cell) 

Charging  Current 0.25 C Max, Voltage 2.45 V/Cell 

Inverters are electronic equipment to convert DC voltage into AC voltage where the output of the 
inverter can be changed in terms of frequency and voltage. This study used a 500W modified sine 

 𝑆𝑜𝐶 =
𝑉(currently) − 𝑉𝑚𝑖𝑛

𝑉𝑚𝑎𝑥 − 𝑉𝑚𝑖𝑛
 𝑥 100%

 
 

 
𝐷𝑜𝐷 =

𝑉𝑚𝑎𝑥 − 𝑉(𝑐𝑢𝑟𝑟𝑒𝑛𝑡𝑙𝑦)

𝑉𝑚𝑎𝑥 − 𝑉𝑚𝑖𝑛
 𝑥 100%
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wave power inverter with less harmonic distortion than the square wave. Therefore, it can be used 

for several electrical devices such as computers, TVs, and lights but not for more sensitive loads 
 

3. Research Methods 
In this section, we delve into the detailed implementation of software programs within the 

Smart Home System. The PZEM004T Sensor Reading Program continuously collects real-time 
data, including RMS voltage, current, power, frequency, and more, through periodic sensor 

polling and data parsing. Similarly, the DC Voltage Sensor Reading Program interfaces with the 

DC voltage sensor to provide precise voltage readings. 
Central to the system's functionality is the Relay Control Program, orchestrating power 

source switching based on sophisticated decision-making algorithms. This program considers 

sensor data and system states; when the grid voltage is absent and the battery voltage surpasses a 

predefined lower limit, it seamlessly triggers the Automatic Transfer Switch (ATS) to switch to 
battery backup. The Blynk Application and HMI Programs serve as user interfaces, bridging the 

gap between user commands and relay control for intuitive remote monitoring and control. 

Notably, the ATS and Automatic Battery Charging (ABC) systems exhibit unique 
characteristics. ATS relies on decision-making algorithms to ensure swift power source switching, 

while ABC continuously monitors battery voltage, commencing the charging process when the 

voltage falls below a predefined threshold. The workflow of ATS and ABC, illustrated in Figure 

3, involves monitoring grid voltage through the PZEM004T sensor. When grid voltage is absent, 
the system evaluates battery voltage; if it exceeds the lower limit, ATS triggers the switch to 

battery power. Conversely, when grid voltage returns and battery voltage is below the lower limit, 

ABC initiates battery charging, ensuring an uninterrupted power supply. 
Within the overall system structure depicted in Figure 4, sensors transmit data to the 

Arduino as the main controller. Based on the sensor information, the program controls the relays 

to switch power sources as per predefined criteria, ensuring uninterrupted operation. The safety 
relay plays a vital role in maintaining secure interactions between the battery and inverter. To 

assess system performance, rigorous testing methods were employed, including automatic source 

switching, battery charging efficiency, and relay reliability testing. Success criteria included 

achieving rapid source switching within predefined timeframes and maintaining a reliable power 
supply. 

Before widespread deployment, the system will undergo thorough small-scale testing, 

replicating real-world conditions. There are two kinds of load which are lamp and fan used. 
Parameters such as voltage levels and power interruptions will be carefully monitored and 

analyzed to ensure system reliability and responsiveness. To check the validity, the measured data 

from the sensor is compared with the measurement tools such as a multimeter and also manually 
calculated results. 

 

Fig. 3. Flowchart of the proposed system working principle 
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Fig. 4. Hardware system diagram 

 

4. Results and Discussions  

4.1 Smart Home Features  

Figure 5 is the result of the design of the ATS system with the layout of the components 

where: a. Phase and neutral switch relay; b. Buck converter 5V; c. Grid AC voltage input; d. 

Inverter AC voltage input; e. PZEM004T Sensor; f. Arduino Mega 2560; g. Buck Converter 
LM296; h. Safe Relay. The load installed for the proposed smart home system prototype is listed 

in Table 2. When the inverter is working, socket I (for the battery charger) is always off due to 

the system design, making the battery automatically charged if there is electricity from the grid. 

In contrast, the battery will not be automatically charged when the inverter supplies the load. 

Therefore, the total loads when supplied from the grid and battery backup are 198W and 68W, 
respectively. Electrical wiring from the source to each load uses a 1.5 mm NYAF cable with a 

current-carrying capability of 15 A. This cable can transmit power up to 2244W so that socket II 

(to supply the fan) can be used for another load. 

 Table 2 - Load of the smart home system 

Load Power (W) 

Lamp 1 3 Watt 
Lamp 2 20 Watt 
Lamp 3 15 Watt 
Socket I for Battery Charger 130 Watt 
Socket II for 30W Fan 30 Watt 

Total Power 198 Watt 
 

Fig. 5. Hardware realization of ATS  
There are on-site and off-site monitoring and control for the proposed smart home. On-site 

control uses a 2.4-inch touchscreen Nextion LCD with a two-page interface. On the first page, 

there is information about the battery voltage, grid voltage, current, frequency, and power 

consumed.  On the second page, there is on-off control where in this simulation is three lamp and 
a fan. Control of lights and sockets is successful with a delay of ±1 second per one piece of 

electronic equipment according to the program. Therefore, to turn on 2 lights, it takes a 2-second 

delay with a waiting time to press each button 1 second. This display is depicted in Figure 6. 

  

(a) (b) 
Fig. 6. On-site monitor and control display (a) power monitoring (b) control 
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The off-site control and monitoring are performed using IoT. The IoT platform used in this 

research is Blynk. Figure 7 shows the Blynk app interface for the control and monitoring of the 
proposed system. The detail of Figure 7 is (1) an indicator of system connectivity to the internet, 

(2) a monitoring display for PLN (the grid) power and batteries, (3) the on-off control of electrical 

equipment, (4) the display mode used, and (5) is a power monitoring graph. 

The energy sensor (PZEM004T) accuracy test results are listed in Table 3. A significant 

error was obtained with a value of 33.06%, so the reading accuracy is only 66.94%. This large 

error occurs because the energy sensor has not been calibrated to adjust the current reading. 
Therefore, calibration is performed to reduce reading errors using a linear regression approach 

with the formula y = a + bx. The linear regression is based on the relation between power reading 

by the sensor and calculated energy which uses the data from voltage and current measurement 

using a multimeter. The linear regression for PZEM004T sensor calibration is shown in (3). After 

calibration, the energy reading accuracy level was tested for re-estimated costs. The error 
decreased from 33.06% to 9.79%, and the sensor accuracy level became 90.21%, as shown in 

Table 4. At the same time, the accuracy comparison graph is depicted in Figure 8. 

The accuracy test was also performed for the DC voltage sensor, which senses the battery 

voltage. A multimeter was used for calibration. The results are shown in Figure 9, with the 

resulting accuracy being 99.20%. The accuracy tests for both AC energy and DC voltage sensors 

showed a good result of over 90%. 

 y = -4.45 * 10-3 + 1.96x 

Table 3 - Accuracy test of PZEM004T sensor before calibration 

No. Average 
Load (W) 

Energy from 
Calculation 
(kWh) 

Energy from 
Sensor (kWh) 

Error (%) 

1 32.14 0.0064 0.0077 19.78 
2 28.21 0.0056 0.0074 30.57 
3 14.79 0.0030 0.0010 66.18 
4 33.79 0.0068 0.0082 21.84 

5 28.53 0.0057 0.0072 26.94 

Average Error 33.06 
Level of Accuracy 66.94 

 

 
Fig. 7. Blynk app interface for control and monitoring 

 
Table 4 - Sensor accuracy before and after calibration 

Calibration Energy (kWh) Error 
(%) 

Accuracy 
(%) Calculation Sensor 
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Before  0.0055 0.0063 33.0621 66.94 
After  0.0066 0.0073 9.7931 90.21 

 

  

Fig. 8. Power sensor accuracy test Fig. 9. DC voltage sensor accuracy test 

 

4.2.  Automatic Transfer Switch (ATS) Testing 

ATS performance evaluation was done by setting up a grid voltage source and battery 

voltage. There are some schemes tested, which are: (1) both grid and inverter ON, (2) grid ON, 

inverter OFF, (3) both grid and inverter OFF, (4) grid OFF, inverter ON. The results are listed in 
Table 5, where 0V means the source is disconnected. 

In switching performance evaluation, switching to a grid acquired a time delay of 1-3 

seconds, while switching to the inverter acquired 2-4 seconds. Switching to the inverter has a 

longer delay than switching to the grid. The requirement checks for switching to a grid only had 

one condition: check whether there is a grid voltage. Meanwhile, switching to the inverter had 

two conditions: check whether there is no grid electricity supply, and check whether the battery 
voltage is >11.70V. Hence, the system process takes longer to switch to the inverter. 

Table 5 - ATS system testing 

Schemes 
tested 

Grid voltage 
(V) 

Battery 
Voltage (V) 

Relay Delay (s) 

Phase Neutral Safe  

1 >200 >11.7 Low Low High 1-3 
2 >200 0 Low Low High 1-3 
3 0 0 Low Low High 1-4 
4 0 >11.7 High High Low 2-4 

 

4.3.  Battery Capacity Testing 

The lower and upper limits of the battery are necessary to be defined to set the automatic 

charging system. The lower limit test was carried out by loading the battery to 3 lights and 1 fan 
(the total power base on the datasheet is 68W). The real power absorbed by the load detected by 

the power sensor is 47W. Since the inverter efficiency is 80%; therefore, the power absorbed from 

the battery is 58.75W or rounded as 59W. 

Figure 10 shows that when the sensor reading is 10.66V, the inverter can no longer supply 

voltage to the load because the battery no longer carries current. When the load is turned off, the 

battery voltage is 11.16V. Therefore, it can be determined that the lower limit of the battery is 
11.16V. The difference between battery voltage before loaded and after loaded is 0.49V. 

The determination of the upper limit is done by charging the battery until it is fully charged. 

The VRLA SMT1233 battery has constant voltage charging characteristics so that when charging, 

the charger must provide a charging voltage between 14.50V and 14.90V, based on the battery 

specifications. When the battery charging process is from the lower limit, the battery charging 
current is about 8.60A which then decreases when the battery starts to be fully charged. In a full-

charged condition, the current flowing in the battery becomes 1A, then switches to float charging 

mode. 

Figures 11 (a) and (b) show the charging process to find the battery's upper limit, which is 

done for three hours per day on two separate days. The total time needed for charging from the 

lower limit to the upper limit is about 5 hours and 50 minutes. Meanwhile, according to the 
specification, the required charging time is 3 hours 48 minutes if the charging current is constant 

at 8.60A, as calculated in (4). The difference between the real charging time and the calculated 

time is 2 hours and 2 minutes. The difference is quite far because the charging current in the 
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calculation is always constant, while in actual conditions, the current gradually decreases when 

the battery goes fully charged. The upper limit of the battery is 12.90V. 

 
Fig. 10. Load test to get the lower limit of the battery 

 

  

(a) (b) 
Fig. 11. Battery charging for upper limit determination (a) first day (b) second day 

 

Charging time = 33Ah/ 8.60 A = 3 hours 48 minutes 

In determining the cut-off of the upper limits of the ABC, based on the charging graph of 

Figure 11(b), the highest voltage during charging is 14.6V; therefore, it is set as the cut-off of the 

upper limit voltage. In comparison, the cut-off lower limit is determined by calculating the SoC 

and DoD of the battery. In this study, the DoD of the battery was set at 70%, so the SoC was set 
at 30%. Based on Figure 12, the battery usage time is tested for a 59W power load, and the SoC 

graph of the battery is obtained, as shown in Figure 13. The test starts at a battery voltage of 

12.40V, with the battery’s SoC at 72.95%. The test is completed when the battery voltage is 

11.99V at 48.65% SoC. Meanwhile, 100% SoC is when the battery is at a maximum voltage of 

12.90V, then 30% SoC is set at 11.70V as the lower limit of the battery to activate the ABC. In 

Figure 12, with a 59W battery load, the 12.40V battery voltage is reduced to 12V in 1 hour 30 
minutes with a voltage difference of 0.40VDC. Hence, if the battery load is constant at 59W, 

assuming linear condition, the battery can supply power for 4 hours 30 minutes (12.90V – 11.70V 

= 1.20 V; (1.20V/ 0.40V) *1.5h = 4 h 30 min) in the range SoC of 30-100%.  From the battery 

capacity test results, the battery capacity can be used for the battery presentation feature, where 

this percentage feature is obtained from the SoC OCV formula. The error value for the battery 
percentage feature is 0.52%, so the accuracy is 99.44%, as listed in Table 6. 

 

4.4.  Automatic Battery Charging (ABC) Testing 

The Battery auto-charging is performed when the battery's voltage is below the lower limit. 

When the charger has switched to float charging mode, the ABC System performs a cut-off at a 

voltage of 14.60V. In actual conditions, the voltage of a fully charged battery is < 14.60V, but in 
this system, the cut-off upper limit specified is 14.60V because the charger is a smart charger that 

can switch modes automatically from deep cycle charging to float charging. 
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Fig. 12. Battery usage time graph 

 

 
Fig. 13. SoC percentage according to battery voltage characteristics 

  
Table 6 - Battery percentage accuracy testing 

Mode No Voltage 
(V) 

Percentage in 
Blynk (%) 

Percentage with 
calculation (%) 

Error 
(%) 

Charging 1 13.40 55.68 55.56 0.22 

2 13.48 58.39 58.52 0.22 

3 13.52 60.20 60.00 0.33 

4 13.57 62.91 61.85 1.71 

5 13.60 63.82 62.96 1.36 

Not-
charging 

1 12.40 71.40 71.26 0.19 

2 12.45 74.21 74.14 0.10 

3 12.55 79.82 79.89 0.08 

4 12.57 81.22 81.03 0.23 

5 12.62 84.03 83.91 0.15 

When the safe relay condition is HIGH, the voltage from the battery to the inverter is cut. 

When charging, the battery does not supply voltage to the inverter. According to ATS switching, 
the delay in switching conditions between ON and OFF charging relays is ±2s while the delay for 

safe relays from HIGH to LOW states is around 2-4s. Both delays do not come from programming 

but from system performance. Safe relay in condition No.2 remains HIGH because even though 

there is no grid voltage, the battery voltage is <11.70V. When charging is running, and the battery 

voltage is >11.70V, but suddenly the grid electricity goes out, charging will stop so that the battery 
is not charged from the inverter source. The test results are listed in Table 7. 

Table 7 - Automatic charging battery testing 

No Battery 
Voltage 

(V) 

Grid 
Voltage 

(V) 

Charging 
Relay 

Safe 
Relay 

Delay 
relay 

charging 
(s) 

1 < 11.70 Exist ON HIGH ± 2 
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2 < 11.70 None OFF HIGH ± 2 
3 ≥ 14.60 Exist OFF HIGH ± 2 
4 ≥ 14.60 None OFF LOW ± 2 

 

4.5.  Result Comparison 

According to Indonesia National Standard (SNI) 0225, about General Electrical Installation 

Requirements (PUIL) 2011, the power plant for emergency service needs to be able to carry a 

load within 15s, and the entire load needs to be switched within the next 30s, or a total duration 
of 45s (National Standardization Body (BSN), 2011). Based on this standard, Syah et al. (2021) 

proposed Arduino-based ATS which can switch from main to backup supply within 15.13s. Our 

proposed ATS can switch to the backup supply with the time only 4s. The faster time is not only 

affected by ATS processing time but also by the backup supply used. The standard is based on a 

Generator-Set whereas the proposed method used battery based. The battery base has a better 

response time since it is in the standby position. 
Hasanah, et al. (2018) also, develop an Arduino-based ATS which controls power from the 

grid and the Genset. From the experimental testing, they conclude that the time required to switch 

all the load to the Genset is 37.8s. While the time to reconnect to the grid is 2.8s. This result still 

matches the PUIL 2011 standard. On the other hand, our proposed system with battery backup 

can give faster electricity recovery since there is no time required to turn it on. 
Table 8 resumes the estimated cost of the proposed system. Compared to the system 

proposed by Venancio and Chua (2020) which uses PLC as a controller and an MCB ATS which 

is available in the market with a total cost of USD $724.56, the proposed system is cheaper. In 

the proposed system, the solar panel system is not used, this also can reduce the total cost. 
Table 8 - Estimated cost of the proposed system 

No ATS Components Cost (IDR) 

1 Arduino Mega & ESP8266 225,000 
2 Sensor PZEM004T 165,000 

3 Voltage sensor DC 5,000 
4 Buck converter 12v to 5v 100,000 
5 Relay 5v DC 184,000 
6 Nexion LCD 2.4 400,000 
7 Electronic component and cable 100,000 
8 Blynk IoT package 100,000 
 Backup Supply Components  
9 Battery VLRA SMT 1233 734,000 

10 Battery charger 400,000 
11 Inverter 500W 240,000 
 TOTAL Cost 2,653,000 
 TOTAL Cost in USD $183.97 

The findings hold practical implications for various applications. The rapid response of our 

battery-based ATS not only meets standards but also offers enhanced power continuity during 

outages. This has practical implications for critical facilities, ensuring uninterrupted operations in 
emergency scenarios. Additionally, the cost-effectiveness of our system, compared to 

alternatives, makes it an attractive solution for a range of settings, from residential homes to small 

businesses. 

 

5. Conclusion  
The Smart Home System with battery backup was successfully designed and tested. The 

system has on-site and off-site control and monitoring using an HMI and IoT. An Automatic 

Transfer Switch (ATS) is used to switch the power from grid to battery backup and vice versa. 
There is also an Automatic Battery Charging (ABC) system to charge the battery backup. The 

proposed system also provides electric tax prediction. The test shows that the power sensor, DC 

voltage sensor, and SoC calculation accuracies are 90.21%, 99.20%, and 99.44%, respectively. 

ATS and ABC systems can perform well. Switching to the inverter only took a 2-4s delay, while 
switching to the grid had a 1-3s delay. The automatic charging can perform at a predetermined 

minimum battery voltage with a delay of ± 2s. Compared to the previous research results, the 

proposed system has faster responses times and lower prices. The seamless integration of ATS 
and ABC systems, coupled with IoT capabilities, empowers homeowners to maintain 
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uninterrupted power supply, especially during grid disruptions, fostering energy resilience and 
convenience. 
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