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Design of Remote Monitoring Application on Non-Rechargeable Battery
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Abstract

In this era of continuously evolving technology, remote monitoring has emerged as an innovative and
effective solution for monitoring and managing remote areas. Design of Remote Monitoring on Non-
Rechargeable Battery Redundant System proposes an improved system for multi-point to point remote
monitoring, battery redundant, and communication. The study investigated the accuracy of INA219
sensor readings on the battery, the Quality of Service (QoS) of the Message Queuing Telemetry Transport
(MQTT) communication protocol from multiple devices based on the TIPHON standard, and the
utilization of a High-Side Bootstrap circuit for the battery redundant system. The results indicate that the
INA219 sensor shows an average error of 0.64% - 1.04% for voltage and 1.17% - 2.45% for current.
Quality of Service testing revealed an average delay of 40.9 - 119.7 ms with 0% packet loss, thus meeting
the excellent standard. Bootstrap High-Side circuit efficiency average from all devices are 99.35% for
input and 95.9% for output. Lastly, the redundant system by utilizing Bootstrap High-Side circuit
achieved a 100% success rate for all devices, confirming the successful design implementation.

Keywords
Remote Monitoring, MQTT, Quality of Service, High-Side Bootstrap, Battery Redundant System

1 Department of Manufacturing Automation and Mechatronics Engineering,
Bandung Polytechnic for Manufacturing

JL. Kanayakan No.21, Dago, Kecamatan Coblong, Kota Bandung, Jawa Barat 40135

* gamma.gabriel. m@gmail.com

Submitted : May 30, 2023. Accepted : July 13, 2023. Published : July 16, 2023.

INTRODUCTION

In this era of continuously evolving technology, remote monitoring has emerged as an
innovative and effective solution for monitoring and managing remote areas. Remote areas
are often characterized by limited accessibility or physical constraints, and the utilization of
remote monitoring technology plays a pivotal role in acquiring real-time data and enabling
efficient remote monitoring from a distance [1], [2]. Several sectors where remote monitoring
could benefit include Water Gate Monitoring [3], Weather Base Station [4], Sea Level
Monitoring [5], and large-scale Solar Panel Monitoring [6]. The primary benefits of remote
monitoring in such areas include enhanced efficiency and accuracy in monitoring and
management, which can assist researchers or field personnel directly accessing data from
inaccessible locations and to promptly identifying and monitoring threats [7].

Remote devices, including the Remote Terminal Unit (RTU), commonly employ non-
rechargeable batteries. The RTU serves as a controller for remote monitoring and control
operations [8]. In remote areas where a power source is absent, the RTU relies on battery
power for its functionality. Thus, the implementation of a remote monitoring on non-
rechargeable battery and a battery redundant system becomes crucial. These measures allow

This is an open access article distributed under the Creative Commons 4.0 Attribution License 447
Y


https://doi.org/10.46574/motivection.v5i3.247
https://creativecommons.org/licenses/by/4.0/
http://motivection.imeirs.org/index.php/motivection/index
mailto:gamma.gabriel.m@gmail.com

MOTIVECTION : Journal of Mechanical, Electrical and Industrial Engineering ISSN 2655 — 7215 [printed]

field operators sufficient time to replace batteries while ensuring uninterrupted operation of
the RTU device.

By implementing remote monitoring to the non-rechargeable battery components, field
operators can manage battery usage through remote monitoring. This achieved by leveraging,
the Internet of Things (IoT) and employing the Message Queuing Telemetry Transport
(MQTT) communication protocol [9], [10]. The quality of data transmission is analyzed based
on Quality of Service (QoS), considering parameters such as delay and packet loss [11]. As the
loss of non-rechargeable battery power poses known threat to the functionality of these
remote devices, a battery redundant system is regularly implemented to serve as a second
power supply [12].

This paper highlights two preceding studies that reflect similar usage and circumstances
of the current study [12], [13]. These precursor systems [12], [13] utilize two
microcontrollers (Arduino and Wemos) to monitor and transmit data through the MQTT
communication protocol respectively. The MQTT communication protocol is connected to a
Node-RED interface where the monitored data are presented. In addition, the two preceding
studies have two distinct battery redundant systems and goals. One study focused on the
development of an Uninterruptible Power Supply (UPS) monitoring system that aims to
ensure continuous power supply and monitor the performance of the UPS device [13], while
the other monitors the power switching and notifies when the backup power generator is
utilized instead of the main power supply [12].

The previous study [12] had some limitations, including the absence of sensor calibration
testing for the ACS current and voltage sensors, as well as the lack of analysis on network
quality such as delay and packet loss. Similarly, in another study [13], the system design
merely involved a simulation using a potentiometer as a voltage and current sensor for
monitoring the UPS device. The circuit design was implemented on a breadboard and lacked a
mechanical casing design for the monitoring circuit. Additionally, the interface display in
Node-RED was relatively simple. Moreover, the monitoring of multiple devices was limited to
only two simulated devices.

Acknowledging the aforementioned, this study proposes an improved system in multiple
devices remote monitoring, battery redundant, and communication from previous studies
[12], [13] to be applied to multiple-device monitoring of non-rechargeable batteries. The new
design proposed in this study is utilizes one microcontroller (Wemos D1 Mini) for each
devices to improve working efficiency. The data received by the microcontroller are
transmitted to the Node-RED interface through MQTT communication protocol. On that note,
this study adds the concept of multiple device communication (multipoint-to-point) to a
Node-RED interface is possible through MQTT communication protocol. This study also
proposes the usage of a novel battery redundant system that is capable to manage battery
switching using a Bootstrap High-Side circuit. To summarize, the aim of this study is to
improve the working efficiency of remote monitoring systems, introduce the concept of
multiple device monitoring on one interface, and develop a novel non-rechargeable battery
redundant system.

METHOD

General Design System

This study focuses on the monitoring of battery current usage, battery voltage, and power
consumption, as well as the battery box environment, including temperature and humidity,
implemented for long-distance monitoring of non-rechargeable batteries. For this purpose,
INA219 and DHT11 sensors were used to obtain the aforementioned data respectively. These
accumulated data are then taken by the Wemos D1 Mini [14] microcontroller and presented
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on a Node-RED interface [15] through the MQTT broker using the Message Queuing
Telemetry Transport (MQTT) communication protocol.

This study also introduces a novel battery redundant system that uses a Bootstrap High-
Side circuit to remove concerns of power loss and memory loss during power supply
switching. To indicate this, the battery pack was tested by employing an RTU simulation. The
RTU simulation consists of an Arduino UNO microcontroller running a LED program that uses

the monitored battery as a power supply. The block diagram of the system is shown in Figure
1.

| Node-RED  MQTT Explorer

A A
i : HIGH-SIDE RTU
----------- WEMOS D1 MINI 4—I'~| BOCCIFSLI;AP «+—» INA219 SENSOR «—» SIMULATION/LOAD |

BATTERY BATTERY
DHT11 SENSOR PACK A PACK B

Figure 1. Block Diagram of the System

Mechanical Design System

The mechanical system houses a controller box, Remote Terminal Unit (RTU) simulation
box, battery pack box, and acrylic base (Figure 2). Controller box contains a Wemos D1 Mini
microcontroller, INA219 sensor, and bootstrap high-side circuit. The battery pack box has two
battery packs (A and B), and the RTU simulation box was used to store the RTU simulation.

The main components of the mechanical system design are described in the following
sections, as illustrated in Figure 2. Dimensions: Acrylic Base, 320 x 280 x 5 mm; Controller
Box, 185 x 115 x 60 mm; Battery Pack Box, 150 x 95 x 50 mm; RTU Simulation Box, 125 85 x
50 mm.

Controller Box

RTU Simulation Box

Battery Pack Box

Acrylic Base

Figure 2. Layout Design of the Mechanical System
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Electrical Design System

The Wemos D1 Mini microcontroller is equipped with an ESP8266 module to execute
programs (non-rechargeable battery redundant system monitoring) and transmit sensor data.
Figure 3 shows the electrical wiring of the system.
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BATTERY
HOLDER A HOLDER B
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BATERAL & BATERAL B

Figure 3. Wiring Design of the Electrical System (Device 1-4)

Additionally, a High-Side Bootstrap circuit schematic is shown in Figure 4. This circuit is
utilized for battery redundant system.

BATTERY PACK A BATTERY PACK B
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Figure 4. High-Side Bootstrap Circuit Schematic

Software Design System

Simultaneously, the Wemos D1 microcontroller uses the data from the INA219 sensor to
monitor the current usage, battery voltage and power consumption of the battery, the Wemos
D1 Mini microcontroller is able to release commands to switch from one main power supply
to another. To simulate this, two AA battery packs (A and B) are used, each capable of
producing 12V. The control command applied is switching when the battery pack has reached
a voltage of less than 10 Volts. To determine which battery pack will be used, a High-Side
Bootstrap circuit was utilized. Simultaneously, the High-Side Bootstrap can also remove the
concern of power loss and memory loss between power supply switches.

To indicate that there was no power or memory loss, the battery pack is tested by a
Remote Terminal Unit (RTU) simulation. This RTU consists of an Arduino UNO
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microcontroller and a running LED program. On that note, the RTU simulation uses the
battery packs (A and B) as a power supply and can determine that there is no power or
memory loss if the LED program continues running during power supply switching controlled
by the Wemos D1 microcontroller. A flowchart of the program is shown Figure 5.

Initialize Program
(Sensor INAZ19, DHT11,
Bootstrap High-Side)

Connecting To
n Wi-Fi
Connected to Wi-Fi?
Yes
Connecting To
MQTT Broker

cted to

MQTT Broker?.

Set Battery
Pack A On

ensor Dafa
pdated?

MQTT Broker

Figure 5. Microcontroller Program Flowchart

By utilizing the MQTT communication protocol, each microcontroller transmits data to
the MQTT broker (Mosquitto Broker). The data received by the MQTT broker can be
monitored using MQTT Explorer. The design model of the communication system is
illustrated in Figure 6.

DEVICE 1

MarTT

MarT

() S

mosauitto Node-RED

MQTT Broker Node-RED
MQTT

MarT

Figure 6. Design Model of the Communication

Node-RED was utilized to monitor all devices. The interface appearance on the Node-RED
shows the data reading from battery voltage, current load, power load, temperature, humidity,
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and battery pack usage status. An illustration of the interface design of the Node-RED is
shown in Figure 7.

/ Node-RED \

Temperature
Battery Usage Plot

foreoe

Figure 7. Node-RED Interface Illustration

System Design Testing

In this step, the overall system is analyzed. These systems will be tested to measure the
error value of INA219 sensor, QoS (delay and packet loss) based on TIPHON standard, and the
success rate of redundant system.

To obtain the percentage error value, the INA219 sensor reading value was compared
with the measured value using a digital multimeter. The error percentage measurement is
calculated using equation (1) [16].

) __ measured value—reading value

error (%
measured value

X 100 % (1)
where the measured value is obtained by measuring with a digital multimeter, and the
reading value is indicated on the microcontroller.

Quality of service (QoS) is a method to measure the performance of a network and its
service properties. QoS can assist users in observing the network-based application
performance. The measurements for QoS use two parameters, delay and packet loss, based on
the TIPHON standard using Wireshark Software[11], [17]. Delay is calculated using equation
(2) and packet loss is calculated using equation (4)

Delay = delay 2 —delay 1 (2)

Y delay
total packet

Delay Average = (3)
Where,

Delay 1 = first transmission delay

Delay 2 = second transmission delay

Y. delay= delay difference amount

packet loss (%) — packet sent—packet received % 100 % (4)

packet sent

Where,
Packet sent = amount of packet volume sent
Packet received = amount of packets successfully received

Table 1 and Table 2 shows the standard delay and packet loss according to TIPHON.
Table 1. Delay Based on TIPHON Standard

Delay Category Delay (ms) Index
Excellent <150 4
Good 150-300 3
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Fair

300-450

2

Bad

>450

1

Table 2. Packet Loss Based on TIPHON standard

Delay Category | PacketLoss (%) | Index
Excellent <150 4
Good 150-300 3
Fair 300-450 2
Bad >450 1

ISSN 2685-2098 [online]

Redundant system testing was performed for this study by applying a High-Side
Bootstrap into two 12 Volts AA battery packs as a power supply. The success rate of the
redundant system is measured when battery pack A has reached 10 Volts, and it automatically
switches to battery pack B. Additionally, functionality testing is performed for the High-Side
Bootstrap. The calculation analysis is as follows. Equations (5) and (6) calculate of the
percentage of successful input and output supply requirements for high-side bootstrap
circuits.

Input
12V

Output

Input Supply Requirements = X 100 % (5)

Output Supply Requirements =

Where,
Input = input voltage of High-Side Bootstrap Circuit
Output = output voltage of High-Side Bootstrap Circuit

RESULT AND DISCUSSION

Mechanical Design Results

During the mechanical design testing, several layout adjustments were made to the boxes
of all devices to ensure ease of operation. Each device is equipped with identical electrical
wiring, as depicted in Figure 8. The layout adjustment results are shown in Figure 9.

DEVICE 1 DEVICE 2

Figure 9. Layout Result of Mechanical Design (Device 1-4)

Electrical Design Results

Within the electrical design, there are several tests including the wiring of the Wemos D1
Mini. The electrical wiring results for the devices are shown in Figure 9. Additionally,
functionality testing was performed using the High-Side Bootstrap circuit. Figure 10 shows
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the result of Bootstrap High-Side Circuit wiring and Table 3 presents the results of the input
and output efficiency of the High-Side Bootstrap circuit.

Components.
1. Wemos D1 Mini

DEVICE 1

DEVICE 2 N : 2. INA219 Sensor

A N 3. Bootstrap High-Side Circuit
/ P /

1) ( 2) ',/73 4. DHT11 Sensor

5. Battery Pack A

6. Battery Pack B

7. RTU Simulation(Load)

DEVICE 3 (4)( )‘”V’ “) DEVICE 4 @B 5)

Figure 11. Result of the Bootstrap High-Side Circuit Wiring (Device 1-4)

Among all the devices, there is a dedicated Bootstrap High-Side circuit (Figure 12) in each
device that functions to control the utilization of the battery pack. The circuit requires 12 V
input and 12 V output, which aligns with the used battery. Consequently, an efficiency
evaluation of the circuit was performed, resulting in Table 3.

Table 3. High-Side Bootstrap Circuit Efficiency Testing Results

Circuit Reqfllilll')eplilyents I/0 | Voltage Sl;{c:teess
0
| s
0,
? 12V 15y | es
0,
: 12V eV 968
AT

Bootstrap High-Side circuit efficiency test results average from all devices are 99.35% for
input and 95.9% for output. Despite the presence of a voltage drop at the output owing the
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working voltage of the electronic components, all of the High-Side Bootstrap circuit continues
to operate with a success percentage exceeding 90% for both input and output.

Software Design Results

Software design tests were performed on the microcontroller program flow in
transmitting data to the MQTT broker and the Node-RED interface.

MQTT communication between the system and MQTT Mosquitto broker was successful,
as confirmed by the reception and display of data in the MQTT Explorer software. The
received data include the temperature, humidity, voltage, current, power, and battery usage
status. Figure 13 is a display of data received in MQTT Explorer

= MQTT Explorer Q. search. (]

v 91.121.93.94
POLMANsimulasiPerangkat1 = {"temperature1°:22 "humidity1":94,"batVoltage 1":10.69200039, "loadvoltage1":10.69433022, "current1":24.19981194,"power1":250,"prediksi1™-0,"mosfet1™: ON musfetZ "OFF","status1™:™,"
POLMANsimulasiPerangkat2 = {"temperature1” idity17:90,"batVoltage1™:7.840000153,"loadvoltage1°:7.842350006, "current1":23 57456398, "power1™:184, % 5 17t
POLMANsimulasiPerangkat3 = {"temperature1:26,"humidity1":81,"batVoltage1:1.067999959,"loadvoltage1™-1.074479938,"current1":77.46443939,"power1":68, "pre ,"mosfet1™ OFF' “mosfet2":" T
POLMANsimulasiPerangkat4 = {"temperature 1”22 "humidity1":89, batVoltage 1":10 69200039, "loadvoltage 17:10.6946907,"current1":60.73632431,"power1":288, pr 0,"mosfet1":"OFF","mosfet2":"ON","

Figure 13. MQTT Explorer Data Display

The data obtained from the MQTT broker are effectively integrated into the Node-RED
interface, allowing for the visualization and presentation of essential parameters such as
temperature, humidity, voltage, current, power, and battery usage status. Figure 14 shows the
result of the Node-RED interface

BATTERY REDUNDANT SYSTEM MONITORING

NON-RECHARGEABLE BATTERY
sarvs,  TEDUNDANTSYSTEM

EN o o

BATTERY CAPALITY:

DEVICE 1STATUS

Condition Battery Detected

Battery Usage Battery Pack A /\
Time Remaining 3 Hours 08/([))(;[26023 l(). POImﬂn

Figure 14. Node-RED Interface Result

System Design Testing Results

The INA219 sensor was measured ten times for each device, and the results were
compared to a digital multimeter as a reference. 12V/1A adapter was used as the power
supply.

The results show that Device 1 (Table 4) obtained a voltage error value of 0% - 1.6% and
the current error value of 0.9% - 2.7%. The average error values of the voltage and current in
Device 1 were 0.80% and 1.76%.
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Table 4. Device 1 INA210 Voltage and Current Error Value

Device 1
Test- | Vsensor | Vreal | VError | Isensor I measured I Error
A% V) (%) (mA) (mA) (%)
1 12,2 12,2 0 114 112 1,7
2 12,0 12,2 1,6 111 113 1,7
3 12,1 12,1 0 112 113 0.9
4 12,3 12,1 1,6 113 110 2,7
5 12,0 12,2 1,6 113 110 2,7
6 12,0 12,2 1,6 115 113 1,7
Device 1
Test- | Vsensor | Vreal | VError | Isensor I measured | IError
V) V) (%) (mA) (mA) (%)
7 12,1 12,1 0 113 110 2,7
8 12,1 12,1 0 114 112 1,7
9 12,0 12,2 1,6 112 111 0,9
10 12,2 12,1 0,8 109 110 0,9

The results showed that Device 2 (Table 5) obtained a voltage error value of 0% - 1.6%
and a current error value of 1.7% - 5.4%. The average error value of voltage and current in
Device 2 are 0.88% and 2.45%.

Table 5. Device 2 INA219 Voltage and Current Error Value

Device 2
Test- | Vsensor | Vreal | VError | Isensor I measured I Error

V) V) (%) (mA) (mA) (%)
1 12,0 12,2 1,6 116 110 54
2 12,0 12,1 0,8 110 112 1,7
3 12,1 12,2 0,8 110 111 1,9
4 12,1 12,2 0,8 111 110 0,9
5 12,2 12,2 0 112 110 1,7
6 11,9 12,1 1,6 107 110 6,0
7 12,2 12,2 0 109 112 2,6
8 12,0 12,2 1,6 110 112 1,7
9 12,1 12,2 0,8 110 111 0,9
10 12,0 12,1 0,8 112 110 1,7

The results showed that Device 3 (Table 6) obtained a voltage error value of 0% - 1.6%
and the current error value of 0% - 3.6%. The average error value of voltage and current in
Device 3 are 0.64% and 2.07%.

Lastly, the results showed that Device 4 (Table 7) obtained a voltage error value of 0% -
2.4% and the current error value of 0% - 2.7%. The average error value of voltage and current
in device 4 are 1.04% and 1.17%, respectively.

In comparison to the preceding study, the implementation of INA219 in measuring the
voltage and current demonstrated average error values of 0.29% and 2.29% respectively.
These findings indicated that the error values obtained were comparable to those reported in
a previous study[18].
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According to these results, the error values of INA219 sensor readings are within the
tolerable limit of less than 5%. Errors that occur are caused by the quality of the sensors.

Table 6. Device 3 INA219 Voltage and Current Error Value

Device 3
Test- | Vsensor | Vreal | VError I sensor I measured I Error

(%) V) (%) (mA) (mA) (%)
1 12,0 12,2 1,6 114 110 3,6
2 12,1 12,2 0,8 114 111 2,7
3 12,2 12,2 0 113 110 2,7
4 12,0 12,1 0,8 114 110 3,6
5 12,0 12,1 0,8 114 110 3,6
6 12,2 12,2 0 112 110 1,8
7 12,2 12,1 0,8 112 111 0,9
8 12,0 12,2 0,8 113 112 0,9
9 12,1 12,2 0,8 111 111 0
10 12,1 12,1 0 111 112 0,9

Table 7. Device 4 INA219 Voltage and Current Error Value

Device 4
Test- | Vsensor | Vreal | VError I sensor I measured I Error

V) V) (%) (mA) (mA) (%)
1 12,0 12,2 1,6 114 110 3,6
2 12,1 12,2 0,8 114 111 2,7
3 12,2 12,2 0 113 110 2,7
4 12,0 12,1 0,8 114 110 3,6
5 12,0 12,1 0,8 114 110 3,6
6 12,2 12,2 0 112 110 1,8
7 12,2 12,1 0,8 112 111 0,9
8 12,0 12,2 0,8 113 112 0,9
9 12,1 12,2 0,8 111 111 0
10 12,1 12,1 0 111 112 0,9

Quality of Service (QoS) Result

The results of the Quality of Service testing for measuring two parameters, namely delay
and packet loss, are presented in Table 8. The testing was conducted using a personal hotspot
with XL Axiata SIM cards, where each device was connected to the same Internet network.
The distances between Device 1, 2, 3, and 4 from Internet source were 2, 4, 6, and 8 m,
respectively.

The average delay for Device 1 was 40.9 ms. In terms of Device 2, the average delay was
119.7 ms. For Device 3, the average delay recorded was 72.9 ms. Lastly, Device 4 exhibited an
average delay of 99.8 ms. Based on the TIPHON standard, Devices 1, 2, 3, and 4 fall into the
category of “Excellent.” The average packet loss for Devices 1, 2, 3, and 4 is 0%. According to
the TIPHON standard, all four devices fall into the “Excellent” category.

In contrast to earlier studies, the utilization of MQTT for monitoring systems yielded an
average delay value of 41.91 ms, while achieving a packet loss rate of 0% [19]. The distance
between the devices and the Internet source, as well as the quality of the Internet provider
and MQTT broker, can influence the delay during testing. The farther the devices from the
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Internet source, the poorer the Internet quality becomes, resulting in delays in the
transmission of data from devices to the MQTT broker.

Table 8. Quality of Service (QoS) Delay and Packet Loss Measurement

Device 1 Device 2 Device 3 Device 4
Test (2 meter) (4 meters) (6 meters) (8 meters)
Delay Packet Delay Packet Delay Packet Delay Packet
(ms) Loss (%) (ms) | Loss (%) | (ms) | Loss (%) | (ms) Loss (%)
1 30,1 0 26,9 0 41,7 0 293,0 0
2 70,2 0 134,8 0 25,7 0 90,8 0
3 92,8 0 43,5 0 19,2 0 124,0 0
4 30,3 0 125,1 0 106,5 0 16,8 0
5 39,2 0 72,3 0 111,8 0 139,6 0
6 42,0 0 53,6 0 70,3 0 274,0 0
7 38,9 0 92,8 0 69,1 0 180,1 0
8 30,8 0 121,7 0 130,5 0 39,4 0
9 12,8 0 215,9 0 135,6 0 10,8 0
10 22,6 0 112,2 0 18,6 0 29,0 0

Redundant System Result

Redundant system testing was conducted five times for each device. The testing involved
the transfer of battery packs A to B, battery packs B to A, and the RTU simulation conditions
using a bootstrap high-side circuit. Table 9 presents the testing results of the redundant
system for Device 1 and Device 2, while Table 10 displays the testing outcomes for the
redundant system of Device 3 and Device 4.

Table 9. Device 1 and Device 2 Redundant System Testing Results

Device 1 Device 2
Test- | A- Load B - Load A- Load B- Load
B Condition A Condition B Condition A Condition
1 v On v On v On v On
2 v On v On v On v On
3 v On v On v On v On
4 v On v On v On v On
5 v On v On v On v On
Table 10. Device 3 and Device 4 Redundant System Testing Results
Device 3 Device 4
Test- | A- Load B - Load A - Load B - Load
B Condition A Condition B Condition A Condition
1 v On v On v On v On
2 v On v On v On v On
3 v On v On v On v On
4 v On v On v On v On
5 v On v On v On v On

The redundant system testing on RTU simulation for Device 1 achieved a success rate of
100%. Device 2 also achieved a success rate of 100%. Similarly, Device 3 and Device 4 both
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obtained a success rate of 100% in the testing. The bootstrap high-side circuit designed to
control the battery package usage in each device successfully functioned as intended, despite
experiencing a voltage drop in its output during circuit testing.

According to previous investigations, the incorporation of a redundant system in solar
photovoltaic setups results in an average power interruption duration of approximately 2.79
to 3.07 seconds from the onset of switching until the load is successfully restored [20].

CONCLUSION AND FUTURE WORK

Based on the discussion of this study, it can be concluded that the Design of a Remote
Monitoring Application on Non-Rechargeable Battery Redundant System has been completed
by simulating a similar concept to the actual plant (RTU). The study results indicate that the
INA219 sensor shows an average error of 0.64% - 1.04% for voltage and 1.17% - 2.45% for
current. Quality of Service testing reveals an average delay of 40.9 - 119.7 ms with 0% packet
loss, meeting the excellent standard. Bootstrap High-Side circuit efficiency percentage average
from all devices are 99.35% for input and 95.9% for output. Lastly, the redundant system
tests achieve a 100% success rate on all devices, confirming the successful design
implementation.

For future studies, it is recommended to utilize real plants instead of prototypes to obtain
more diverse and realistic data. Furthermore, eliminating the reliance on an internet
connection would be beneficial for achieving long-range monitoring without internet network
dependencies. Developing smaller devices that can be easily deployed as plug-and-play
solutions is also advisable for enhanced convenience and practicality.
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