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Abstract— Current solar panel maintenance often involves manual, rooftop fieldwork,
which introduces significant fall-from-height risks and occupational hazards. To address this,
this research investigates the integration of the Internet of Things (IoT) to streamline and en-
hance operational efficiency. The goal is to develop an IoT-enabled solution for user-driven
routine maintenance that can significantly mitigate occupational hazards and reduce mainte-
nance duration. This system is designed to optimize the long-term energy yield of solar panels
by preventing the typical efficiency decline caused by neglected upkeep. The study employs a
prototype development method (literature review, construction model design, and control sys-
tem development). The final system leverages common consumer-grade terminal devices
(smartphones, laptops) to provide a ubiquitous, real-time control interface, allowing users to
manage the system remotely via a stable network connection.
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1 Introduction

Pollutants can cause a large voltage drop when compared to smaller dust intensity levels. With a
dust intensity level of 0.30 mg/m? has a voltage value of 12.03 V and the voltage after cleaning gets
a value of 13.51 V, the voltage difference is 1.48V. while the smallest dust intensity value of 0.04
mg/m? has a voltage value of 8.92 V and after being cleaned by the tool gets a voltage value of 9.09
V which means it has a difference of 0.17 V [1].

The increasing global deployment of solar panel systems necessitates a critical focus on sustain-
ing optimal performance. A primary inhibitor of efficiency is surface soiling—the accumulation of
dust, dirt, pollen, and other environmental contaminants on the solar panel surface. This deposition
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directly contributes to significant power loss (depending on geographic location and climate), criti-
cally impacting the return on investment for solar panel installations [2], [3], [4]. To effectively
mitigate this substantial power degradation, regular and systematic maintenance, primarily through
periodic cleaning, is deemed essential for all operational solar panel.

Conventional cleaning uses a manual application of water and an absorbent medium to remove
surface contaminants. While straightforward and low-cost, this method's efficacy is strictly limited
by physical accessibility and safety regulation [5], [6], [7]. When panels are on rooftops or other
elevated structures, the need for personnel to ascend to height introduces significant operational
complexity and severe occupational safety hazards [8]. This inherent risk severely restricts the fea-
sibility of routine manual cleaning, often causing prolonged cleaning intervals, continued efficiency
losses, and maintenance schedule non-compliance. This gap highlights the necessity for automated,
remote solutions to ensure continuous, safe, and effective solar panel system maintenance.

Given the constraints and safety risks of manual maintenance, the Internet of Things (IoT) repre-
sents a critical paradigm shift toward more effective and efficient solar panel upkeep [9], [10], [11].
Integrating sensors, microcontrollers, and cloud platforms enables the deployment of intelligent,
networked systems that allow for remote monitoring and actuation [12]. This transforms routine
maintenance from a reactive, labor-intensive task into a proactive, automated process. This research
specifically investigates integrating an automated cleaning control system with network connectivity
to mitigate the challenges of manual intervention and promote optimal solar energy conversion.

Entitled, "Designing a Google Voice-Based Solar Panel Cleaner Control System," this study pro-
poses a system where a microcontroller (MCU) manages the mechanical cleaning mechanism and
provides the necessary network interface. The MCU functions as the edge device, allowing the entire
cleaning system to be remotely actuated via a high-level, accessible interface. The core innovation
lies in enabling control specifically through Google Voice commands. This voice-based interaction
simplifies the user experience by offering an intuitive, hands-free method of operation, which is
highly desirable in modern smart home and industrial IoT environments [13], [14]. This design en-
ables the control system to be safely activated without requiring a hazardous physical presence on
elevated structures, thereby dramatically improving the ease and regularity of maintenance and se-
curing the long-term efficiency of the photovoltaic installation.

2 Method

This investigation adopts a prototype development design. The research procedure is segmented
into several key stages: preliminary literature analysis, the structural and control system design, the
practical implementation of the control system, tool integration and assembly, a rigorous functional
assessment, and a concluding results evaluation. Figure 1 presents the systematic structure of this
methodology for creating the tool prototype.

Arduino was selected as the core microcontroller for this research due to its superior ease of use
and broad suitability for both novice and professional applications [15]. The platform features a
straightforward programming interface, extensive documentation, and a large, active community
that readily shares project examples and technical support. Furthermore, Arduino's open-source na-
ture allows for tailored modification, and it supports a wide array of microcontrollers and peripheral
modules [16]. Its affordability and seamless integration with diverse sensors and devices make Ar-
duino the ideal choice for rapid prototyping and micro-controller-based research development.

Google Voice was chosen for the speech recognition interface primarily due to its high recogni-
tion accuracy and comprehensive multi-language support, including Bahasa Indonesia [17]. Goog-
le's underlying speech processing technology, powered by continually updated artificial intelligence,
ensures robust recognition across varied accents and intonations. Crucially, Google Voice is acces-
sible free of charge and maintains stable performance across both Android and web-based platforms,
offering a practical and cost-efficient solution for voice-based applications. The service's strong in-
tegration within the broader Google ecosystem guarantees easy implementation and reliable opera-
tion across different network conditions [18].
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The data analysis primarily focused on validating user voice control functionality mediated
through Google Assistant via a smart device interface. The objective of this analytical phase was to
assess system performance and diagnose operational anomalies within the device. The testing pro-
tocol was rigorously structured into six distinct phases: voice command validation, wireless com-
munication range assessment (distance testing), web and application functionality verification, and
the measurement of key performance indicators—specifically, voltage, current, and power output—
both prior to and following the cleaning procedure.
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Figure 1. Flowchart of research

2.1  Architecture System

The system block diagram and the accompanying flowchart presented in Figure 2 illustrate the
software design architecture developed to ensure the precise and predetermined operation of the
control system. The foundational programming environment utilized for this design is the Arduino
Integrated Development Environment (IDE).

This software framework serves several critical functions: it uploads the operational program to
the microcontroller (specifically the NodeMCU ESP8266, as detailed in the flowchart), issues con-
trol commands to the connected system hardware, and provides the necessary database code for
seamless interaction and control of smart home devices (via Google Assistant).

As depicted in the flowchart, the system initiates operation by establishing a stable Wi-Fi con-
nection. Once connected, the system is designed to respond to three distinct control inputs simulta-
neously: automated time-based commands (e.g., scheduled activation at 6:00 am), direct voice com-
mands (processed via Google Assistant), and manual web-based commands. All successful com-
mands converge at the NodeMCU ESP8266 microcontroller, which then triggers the final ON/OFF
actuation of the Wiper or Water Pump mechanism to execute the cleaning cycle.

https://journal.uny.ac.id/index.php/jee 204


https://journal.uny.ac.id/index.php/jee

Jurnal Edukasi Elektro, Vol. 9, No. 2, November 2025 E-ISSN: 2548-8260

Connection to the Wi-Fi fi

Connected
o the Wi-
Fi?

v !

Read time Voice commands Web command
given given

\

Google Assistant Detects
User Voice

e ]

Smartphone receives voice
command code

Yes l

NodeMcu Esp8266 receives
commands

!

Wiper or Water Pump
ON/OFF

Command
Detected?

Figure 2. Flowchart of solar panel cleaning control system algorithm

2.2 Construction Design and Control System Planning

Figure 3 illustrates the architectural design of the prototype, which is constructed as a Smart
Home-integrated model designed for voice-command operation. The physical structure is enclosed
within a portable casing, fabricated primarily from wood, to demonstrate a scaled-down residential
application. Internally, the prototype features a dedicated section of foam material to securely house
the microcontroller components and serve as the water reservoir required for the cleaning process.

Motor 28byj-48

9V Battery

Wiper
Water Tank

10wp Solar
Panel

Relay 1

Channel Water Pump

Figure 3. Miniature construction model of device
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The system utilizes a 10 Wp solar panel as the cleaning target. A wiper mechanism, powered by
a 28BYJ-48 motor, is installed on the panel to execute horizontal cleaning movements. A flexible
hose, attached to the wiper, delivers water from an internal reservoir. Both the water pump and the
motor are precisely regulated by a 1-Channel Relay and the microcontroller to ensure accurate, au-
tomated operation. The entire unit is powered by a 9V battery. This design integrates all cleaning
components into a single, fully controllable smart system.

Figure 4 presents the prototype of the automated solar panel cleaning system. The structural
casing is constructed from Meranti wood, while a sheet of styrofoam is strategically utilized inter-
nally to provide a stable, insulating base for all electronic and mechanical components.

Figure 4. Mechanical design results

The 10 Wp solar panel is mounted within a custom-designed aluminum frame. This frame is
essential for defining the precise travel limits and range of motion of the cleaning mechanism, en-
suring effective panel coverage. The wiper mechanism uses a foam pad as the primary medium for
physically removing surface pollutants. Additionally, the wiper integrates a water delivery hose con-
nected to a pump. This setup allows the panel surface to be moistened simultaneously during the
sweeping action, which significantly enhances the efficiency of pollutant removal.

The motion of the wiper is powered by a 28BYJ-48 motor. This specific motor was selected for
its accessibility and demonstrated performance suitability for a prototype of this scale, offering suf-
ficient precision for the required horizontal movement.

Ultimately, this automated wiper system is designed to serve as a direct replacement for hazard-
ous manual panel cleaning procedures. By integrating the wiper, water pump, and control system
with the Internet of Things (IoT), users gain remote and streamlined control over the maintenance
process. This automation effectively eliminates the need for manual water application and physically
reaching the panels, thereby significantly improving maintenance efficiency and mitigating the oc-
cupational safety risks associated with elevated work.

2.3  Implementation in Hardware Device System

Figure 5 presents the complete hardware schematic, detailing the interconnections and configu-
ration of all system components. To achieve the desired functionality of the Internet of Things (I10T)-
based control system, a robust software program is critically required. This program is specifically
designed to be uploaded onto the NodeMCU microcontroller, enabling it to interpret incoming net-
work commands and subsequently execute the necessary operational directives for the device.

https://journal.uny.ac.id/index.php/jee 206


https://journal.uny.ac.id/index.php/jee

Jurnal Edukasi Elektro, Vol. 9, No. 2, November 2025

9V battery

Relay 1
channel

NodeMcu
Esp8266

Relay 1
channel

Water pump j¢&—

E-ISSN: 2548-8260

ULN2003
Driver

Motor
28BYJ-48

n 1

9V battery

Figure 5. Device schematic

Following the successful upload of the program to the ESP8266 NodeMCU, the device requires
online configuration to enable real-time control. This process commences with the user logging into
the Sinric Pro platform as shown in Figure 6a. Subsequently, the user navigates to the device man-
agement section to register the new hardware instance as shown in Figure 6b. The device parameters
are then configured according to the desired operational specifications as shown in Figure 7. Upon
successful registration, the user should return to the main dashboard to validate the real-time control

functionality as shown in Figure 8.
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Figure 6. SinricPro login page (a), Website device page (b)
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Figure 7. Website home page

https://journal.uny.ac.id/index.php/jee

207


https://journal.uny.ac.id/index.php/jee

Jurnal Edukasi Elektro, Vol. 9, No. 2, November 2025 E-ISSN: 2548-8260

Activity Log

Last 200 activities for last 3 days

mobile-app

ID portal

Jambi City, Indonesia (ID) portal Logged in with username and password 2023-12-09 14:30:00

Figure 8. Activity display of device testing activities

3 Result

3.1 Voice Commands Testing

This study phase focused on voice command validation to assess the sensitivity and accuracy of
using Google Assistant to control the prototype. We applied a range of control vocabularies to rig-
orously test the system's responsiveness and recognition capability. Commands were delivered re-
motely via a mobile device utilizing the Google Voice platform to trigger the device's operational
state. Data were then collected and validated to confirm the system's adherence to the predetermined
control plan. Table 1 summarizes the specific voice commands and their corresponding test results.

Table 1. Results of voice commands testing

No. Device Voice Input Voice Output Status Note

1 Wiper Ok Google nyalakan pembersih | Sip/Oke menyalakan pembersih ON Compliant
panel surya panel surya

2 Water Pump | Ok Google nyalakan pompa air | Sip/Oke menyalakan pompa air ON Compliant

3 Wiper Ok Google matikan pembersih Sip/Oke mematikan pembersih OFF Compliant
panel surya panel surya

4 Water Pump | Ok Google matikan pompa air Sip/Oke mematikan pompa air OFF Compliant

Table 1 presents the voice command validation results. The analysis confirms the system
achieves successful actuation when the user issues the structured command: "Ok Google, nya-
lakan/matikan pembersih atau pompa air." Critically, Google Assistant first provides an auditory
acknowledgment before relaying the command to the cloud-based control interface. The Status col-
umn in Table 1 verifies the system's functional compliance with each instruction. As all test cases
showed successful operation (Compliant status), the prototype meets the anticipated performance
objectives. This capability validates the system's potential to significantly reduce solar panel mainte-
nance time by replacing manual procedures, concurrently mitigating occupational safety hazards.

3.2 Response Testing

This phase involved a responsiveness assessment designed to quantify the system's reaction time
to control inputs. The testing protocol required the precise measurement of system latency, defined
as the time interval between the initiation of a command and its successful execution by the device.
Commands were systematically introduced through various modalities, including manual interface
buttons (ON/OFF), automated scheduling, timed sequences (timer), and voice commands processed
via the Google Voice platform. The elapsed time for each trial was meticulously recorded to analyze
the system's performance across different input channels.
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Figure 9. Response testing

Figure 9. Response testing presents the results of the system's responsiveness assessment. The
data indicates that the control signals transmitted via direct physical interface (ON/OFF) and the
timer mechanism elicited the shortest response times. Commands requiring cloud processing, spe-
cifically those originating from Google Voice and scheduled events, registered a marginally in-
creased delay of approximately 3.0 seconds. Crucially, the average latency across all tested input
methods was calculated to be 2.4 seconds. This rapid processing speed validates the control system's
prompt and agile responsiveness, supporting the conclusion that the device can be activated effi-
ciently, thus fulfilling the requirement for near-instantaneous operation.

3.3  Testing via Website and Application

The network-based control assessment was executed to determine the efficacy of command ex-
ecution when inputs were generated solely from the web and application platforms. This testing was
crucial for confirming the robust connection between the control server and the prototype hardware.
A key feature of the system's design is its ability to transmit status notifications back to the user
interface (website/application), allowing for remote monitoring of device activities and operational
state.

Table 2. Website and application testing results

No Device Input Button Website Notification Status Note
1 Wiper ON Device ON ON Compliant
2 Water Pump ON Device ON ON Compliant
3 Wiper OFF Device OFF OFF Compliant
4 Water Pump OFF Device OFF OFF Compliant

The data presented in Table 3 validates the efficacy of remote command execution through the
digital control platforms. Successful manipulation of the device's operational state is achieved by
clicking the ON/OFF buttons on the website or mobile application. A core function of the system is
the immediate transmission of status notifications following any command, thereby providing the
user with instantaneous confirmation of the device's condition. Additionally, the platform integrates
an Activity Log (Figure 10a), which diligently records all user interactions and access points. This
log is a critical component for system accountability, enabling administrators to monitor user activ-
ity and take appropriate measures regarding access management and security.

The system design features an Activity Log which users can immediately view essential attrib-
utes of system access, specifically: user authentication status, the geographical location of the ac-
cessing client, and the full temporal context (time, date, and calendar year) of the interaction. For
enhanced security analysis, clicking the accompanying disclosure icon reveals extended data fields.
These detailed fields include the connecting client's IP address and the device platform used for
access (Figure 10b), providing necessary information for security protocol enforcement and incident
tracking.
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This experimental phase involved a time-based performance assessment designed to compare
the solar panel's electrical output before and after the automated cleaning cycle. Testing was con-
ducted systematically in the morning, midday, and afternoon to account for diurnal variation in solar
irradiance. The objective was to quantify the resulting increases in voltage, output current, and de-
livered power. Table 3 shows the voltage increase during experiment. Table 4 shows the power
increase during experiments. Table 5 shows the current increase during experiments. To accurately
quantify the improvement from the cleaning intervention, the percentage increase for each metric
was calculated using Equation 1.

Percentage increase = (Increment v.a'lue Initial value) x 100% (1)
Initial value
Table 3. Voltage increase
Day Time Voltage (Volt) Deviation Increment
Before Cleaning After Cleaning (Volt) (%)
1 Morning 9.4 9.8 0.4 4.25
Midday 20.1 20.8 0.7 3.48
Afternoon 18.6 19.0 0.4 2.15
2 Morning 8.9 9.5 0.6 6.74
Midday 20.2 20.9 0.7 3.46
Afternoon 17.4 18.2 0.8 4.6
3 Morning 9.1 9.6 0.5 5.5
Midday 19.8 20.4 0.6 3.03
Afternoon 18.5 19.1 0.6 3.24
Table 4. Power increase
Day Time Voltage (Volt) Deviation Increment
Before Cleaning After Cleaning (Volt) (%)
1 Morning 0.84 .98 0.14 16.67
Midday 6.23 6.86 0.63 10.14
Afternoon 3.72 3.99 0.27 7.26
2 Morning 0.71 .85 0.14 19.7
Midday 6.26 6.68 0.42 6.7
Afternoon 3.13 345 0.32 10.2
3 Morning 0.81 .86 0.05 6.1
Midday 6.13 6.73 0.60 9.7
Afternoon 3.7 3.82 0.12 3.24
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Table 5. Current increase

Day Time Current (Ampere) Deviation Increment
Before Cleaning After Cleaning (Ampere) (%)
1 Morning 0.09 0.10 0.01 11.11
Midday 0.31 0.33 0.02 6.4
Afternoon 0.20 0.21 0.01 5
2 Morning 0.08 0.09 0.01 12.5
Midday 0.31 0.32 0.01 12.5
Afternoon 0.18 0.19 0.01 5.5
3 Morning 0.09 0.09 0.00 0
Midday 0.31 0.33 0.02 6.4
Afternoon 0.20 0.20 0.00 0

4 Discussion

The operational testing confirms the high responsiveness of the developed prototype across all
tested control modalities. The system demonstrated rapid and reliable command execution whether
inputs were delivered via Google Voice, the dedicated web interface, or the mobile application. This
achievement in minimal latency is critical for practical implementation, as immediate feedback is a
core requirement for user satisfaction in Internet of Things (IoT) applications [19], [20].

All system interactions are meticulously logged within the Activity Log feature. This functional-
ity serves as an invaluable audit trail, providing the user with real-time and historical data concerning
all commands and the prototype’s resulting actions. Furthermore, this monitoring capability is en-
hanced by recording essential metadata, including the accessing user's IP address, the specific client
platform used, and the temporal and geographical context of the login event. This robust logging
protocol significantly contributes to system security and accountability [21], [22]. Beyond the Ac-
tivity Log, the system ensures user awareness through real-time push notifications, which instantly
communicate the prototype’s current operational status and ongoing activities.

The cleaning intervention demonstrated a measurable increase in electrical output following the
restoration of the panel surface. Post-cleaning, the photovoltaic panel achieved an output voltage of
20.8 V, a power output of 6.86 W, and a current output of 0.33 A. These recovered values validate
the system’s effectiveness in mitigating power degradation caused by soiling, a finding consistent
with prior research emphasizing the benefits of automated cleaning in solar panel efficiency [23],
[24].

The energy consumption required for the cleaning cycle is highly efficient. The mechanical ac-
tuation consumes an equivalent power of 0.75 W for the full rotation to the left and another 0.75 W
for the return sweep. Consequently, a complete cleaning cycle (two full rotations) necessitates a total
energy expenditure of only 1.5 W.

The total duration of a single cleaning cycle is also optimized. One rotation to the far end takes
15 seconds, while the return trip requires 17 seconds. Therefore, a full cleaning cycle is completed
in a total duration of 32 seconds. The low energy expenditure and rapid cleaning time underscore
the prototype's potential for long-term operational sustainability and cost-effectiveness compared to
manual labor alternatives.

This study acknowledges several limitations inherent to the current prototype design, which pro-
vide clear directions for future work. The prototype currently lacks a feature for real-time monitoring
of battery capacity within the web and application interfaces, which is crucial for operational plan-
ning. Furthermore, the water delivery system relies on the wiper mechanism for distribution; future
iterations should aim to implement a system that can uniformly moisten the entire panel surface
independently of the sweeping motion. Finally, the prototype is presently powered by a dedicated
9V battery. For true self-sufficiency and scalability, the system's power supply should be developed
to draw electrical current directly from the solar panel array, eliminating the need for an internal
battery as the primary power source.
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5 Conclusion

The developed Internet of Things (IoT)-enabled solar panel cleaning prototype successfully val-
idated its core functional and operational objectives. The system demonstrated high responsiveness
and reliability across all control modalities, including Google Voice, web, and mobile application
inputs, achieving a commendable mean response time of 2.4 seconds. System integrity and user
accountability are maintained through a robust Activity Log and real-time status notifications, en-
hancing security by tracking essential access metadata.

Critically, the cleaning intervention proved effective, leading to a measurable recovery in power
output, exemplified by post-cleaning values of 20.8 V and 6.86 W. The mechanical system is highly
optimized for sustainability, consuming a minimal total power of only 1.5 W for a complete cleaning
cycle, which is executed rapidly in 32 seconds.

In summary, the prototype is functionally compliant with the design specifications and represents
a viable, efficient, and low-energy solution that can substantially streamline solar panel maintenance
while mitigating the occupational hazards associated with manual cleaning procedures. This success
validates the application of IoT technology as an effective paradigm for automated PV system up-
keep.

6 References

[1] M.R. W. Kusuma, E. Apriaskar, and D. Djunaidi, “Rancang Bangun Sistem Pembersih Otomatis Pada
Solar Panel Menggunakan Wiper Berbasis Mikrokontroler,” Techné J. Ilm. Elektrotek., vol. 19, no. 1,
pp. 23-32, 2020.

[2] M. Katoch, V. Dahiya, and S. K. Yadav, “The performance analysis of dusty photovoltaic panel,” Arch.
Thermodyn., vol. 44, no. 2, 2023.

[3] C.O. Rusanescu, M. Rusanescu, I. A. Istrate, G. A. Constantin, and M. Begea, “The effect of dust depo-
sition on the performance of photovoltaic panels,” Energies, vol. 16, no. 19, p. 6794, 2023.

[4] S.Yakubu et al., “A holistic review of the effects of dust buildup on solar photovoltaic panel efficiency,”
Sol. Compass, vol. 13, p. 100101, 2025.

[S1 S.A.Patil, A. R. Patil, V. N. Chougule, and S. T. Sanamdikar, “Design and Analysis of Automated Solar
Panel Cleaning System,” Curr World Env, vol. 18, pp. 1032-1045, 2024.

[6] M.T.Akkoyunluand Y. Abdallatif, “A comprehensive investigation of solar panel cleaning technologies:
A review study,” J. Therm. Eng., vol. 10, no. 6, pp. 1715-1741, 2021.

[71 B. Rangaswamy and R. Nithya, “Advancements in solar panel maintenance: a review of loT-integrated
automatic dust cleaning systems,” Inform. Autom. Pomiary W Gospod. Ochr. Sr., vol. 15, no. 1, pp. 39—
44,2025.

[8] B. Aboagye, S. Gyamfi, E. A. Ofosu, and S. Djordjevic, “Investigation into the impacts of design, instal-
lation, operation and maintenance issues on performance and degradation of installed solar photovoltaic
(PV) systems,” Energy Sustain. Dev., vol. 66, pp. 165-176, 2022.

[91 S. Singarapu, K. Swaraja, and M. Kirola, “Smart lot based solar panel cleaning system,” in E3S Web of
Conferences, EDP Sciences, 2023, p. 01147.

[10] M. Ghafoor, A. A. Amin, and M. S. Khalid, “Design of IoT-based solar array cleaning system with en-
hanced performance and efficiency,” Meas. Control, vol. 57, no. 8, pp. 1099-1111, 2024.

[11] R. Bosch, “IoT based Smart and Automated Solar Panel Cleaning System”.

[12] A. Al-Fugaha, M. Guizani, M. Mohammadi, M. Aledhari, and M. Ayyash, “Internet of things: A survey
on enabling technologies, protocols, and applications,” IEEE Commun. Surv. Tutor., vol. 17, no. 4, pp.
2347-2376,2015.

[13] A. K. Cherian, H. Mercy, R. Reshma, K. Sivakami, R. Krishnamoorthy, and R. Thiagarajan, “An loT
based Voice Assisted Smart Residential Appliance Control Mechanism using Intelligent Node MCU
Controller,” in 2024 5th International Conference on Electronics and Sustainable Communication Sys-
tems (ICESC), IEEE, 2024, pp. 381-387.

https://journal.uny.ac.id/index.php/jee 212


https://journal.uny.ac.id/index.php/jee

Jurnal Edukasi Elektro, Vol. 9, No. 2, November 2025 E-ISSN: 2548-8260

[14] A. Zainuddin, N. A. Zubir, N. A. Aminuddin, N. D. K. Ashar, and M. E. Mahadan, “Appliance Control
with IOT-Arduino of Voice Command Detection for Mobility Impaired People.,” Int. J. Interact. Mob.
Technol., vol. 15, no. 23, 2021.

[15] L.M.S. Huyer, “Improving Usability for Novices in the Design of Mechatronic Devices: A Study Using
Arduino Modules,” Queen’s University (Canada), 2024.

[16] N. S. Atiyah, Development of An Industrial Atmega328p Microcontroller Based On An Open-Source
Platform. University Of Kerbala, 2023.

[17] R.Pahwa, H. Tanwar, and S. Sharma, “Speech recognition system: A review,” Int. J. Future Gener. Com-
mun. Netw., vol. 13, no. 3, pp. 2547-2559, 2020.

[18] P.-C.Lin, B. Yankson, V. Chauhan, and M. Tsukada, “Building a speech recognition system with privacy
identification information based on Google Voice for social robots,” J. Supercomput., vol. 78, no. 13, pp.
1506015088, 2022.

[19] P. Netinant, T. Utsanok, M. Rukhiran, and S. Klongdee, “Development and assessment of internet of
things-driven smart home security and automation with voice commands,” IoT, vol. 5, no. 1, pp. 79-99,
2024.

[20] E. Akbas, “Enhancing Incident Response with Live Logs: The Significance and Challenges of Maintain-
ing Sufficient Log Retention for Mitigating Cyber Attacks,” in International Conference on Cyber Secu-
rityICCY'S-23, 2023.

[21] T.Magara and Y. Zhou, “Internet of things (IoT) of smart homes: privacy and security,” J. Electr. Com-
put. Eng., vol. 2024, no. 1, p. 7716956, 2024.

[22] G. Vardakis, G. Hatzivasilis, E. Koutsaki, and N. Papadakis, “Review of smart-home security using the
internet of things,” Electronics, vol. 13, no. 16, p. 3343, 2024.

[23] D. Mwebe, V. H. U. Eze, and B. O. Sadiq, “Impact of dust accumulation on solar photovoltaic panel
performance and the efficacy of cleaning methods: A review of technological innovations and regional
considerations,” 2025.

[24] D. Hameed et al., “Evaluation of self-cleaning mechanisms for improving performance of roof-mounted
solar PV panels: A comparative study,” PloS One, vol. 19, no. 10, p. €0309115, 2024.

7 Authors Biography

Dasrinal Tessal is a lecturer of Electrical Engineering and Informatic Departement at Universitas
Jambi. His research interests focus on intersection renewable energy and power systems engineering
(email: dasrinaltessal@unja.ac.id).

Jefri Marzal is a lecturer of Electrical Engineering and Informatic Departement at Universitas
Jambi. His research interests focus on intersection computational geometry and IT on education
(email: jefri.marzal@unja.ac.id).

Dewi Triantini is a lecturer of Electrical Engineering Education Department at Universitas
Negeri Makassar. Her research interests focus on the intersection of technology, education, and vo-
cational training (email: dewi.triantini@unm.ac.id).

Andicho Haryus Wirasapta is a lecturer of Electrical Engineering and Informatic Department
at Universitas Jambi. His research interests focus on the intersection of electronics, control systems,
the Internet of Things (IoT), telecommunications, and nuclear engineering
(email: andicho@unja.ac.id).

Muhammad Khalis Fikri is a lecturer of Electrical Engineering and Informatic Department at
Universitas Jambi. His research interests focus on the intersection of electronics, control systems,
the Internet of Things (IoT), Robotics and automation, and Deep Learning
(email: muhammadkhalis@unja.ac.id).

Angga Riyan Trio Saputra is done his Bachelor Degree in Electrical Engineering and Informatic
Departement at Universitas Jambi. Currently working now as electrical technician at private com-
pany (email: anggariyann09@gmail.com).

Salmuna Sajjad Mishi is done her Masters in Electrical Engineering from Universitas Gadjah
Mada. Currently she is working in Embassy of the Republic of Indonesia in Dhaka, Bangladesh as
a Technical staff in Consular Affairs (email: salmuna.mishi@gmail.com).

https://journal.uny.ac.id/index.php/jee 213


https://journal.uny.ac.id/index.php/jee

	1 Introduction
	2 Method
	2.1 Architecture System
	2.2 Construction Design and Control System Planning
	2.3 Implementation in Hardware Device System

	3 Result
	3.1 Voice Commands Testing
	3.2 Response Testing
	3.3 Testing via Website and Application
	3.4 Time-based Testing

	4 Discussion
	5 Conclusion
	6 References
	7 Authors Biography

