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Abstract
This study aims to develop a cost-effective Arduino-based automatic hybrid camera track mounting system to support hybrid 
learning environments in educational institutions with limited budgets. Employing a research and development approach based on 
the ADDIE model, the system was designed, simulated using SolidWorks, and tested in real classroom settings involving 307 
students and 40 lecturers from 13 universities in Indonesia. Validation by expert evaluators resulted in an overall feasibility score of 
95%, with key indicators such as efficiency (97%), durability (96%), and precision (97%) rated as highly feasible. Mechanical 
simulations demonstrated the device’s strong structural integrity, with a safety factor exceeding 600, ensuring operational 
reliability. The developed system provides an affordable, lightweight, and easy-to-assemble solution for hybrid learning 
implementation, promoting wider access to smart classroom technology and supporting digital transformation in education. 
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1. INTRODUCTION

The learning system facilitates interaction 

between students and lecturers to enhance creative 

thinking and achieve optimal learning outcomes [2]. 

 

Currently, the world 

is entering the era of the industrial revolution 4.0 

[5][6]. This era is often referred to as the digital era 

[7]. It is predicted that hybrid learning will be even 

more massive in the future [8]. Facilities and 

infrastructure that support the efficient technology 

need to be prepared as early as possible [7]. Based 

on this, there needs to be the right innovation. This 

innovation can facilitate the implementation of 

educational goals, support the implementation of 

MBKM activities in the future, adjust to the 

Publisher’s Note: 

Pandawa Institute stays neutral with regard to jurisdictional 

claims in published maps and institutional affiliations. 

 

 

 

 

Copyright: 

© 2025 by the author(s). 

Licensee Pandawa Institute, Metro, Indonesia. This article is an 

open access article distributed under the terms and conditions 

of the Creative Commons Attribution (CC BY) license (https://

creativecommons.org/licenses/by/4.0/). 

https://doi.org/10.47352/jmans.2774-3047.299     

OPEN ACCESS 

 

 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.47352/jmans.2774-3047.299
https://crossmark.crossref.org/dialog/?doi=10.47352/jmans.2774-3047.299&domain=pdf&date_stamp=2025-09-03
https://creativecommons.org/licenses/by/4.0/


J. Multidiscip. Appl. Nat. Sci. 

1045 

learning needs of current students (Gen Z), support 

the achievement of Key Performance Indicators 

(KPIs) of higher education. Hybrid learning that 

combines traditional learning methods with 

Information and Communication Technology (ICT) 

is one of the solutions that can be applied in modern 

learning in the future [9]. 

The development of communication technology 

is the main driver for creating innovative 

technologies and systems [10]. Today, technology 

is essential in human life because it helps them do 

various things, such as work and study [10]. The 

education sector must continuously adapt to 

technological advances to support improving the 

quality of education, especially adjustment in the 

learning process [11]. One form of innovation that 

is increasingly being applied is hybrid learning . 

With the development of technology and 

information in education, innovative learning 

models [12]. Hybrid learning allows for more 

flexible interaction and reaches more students 

without time of space limitation.In addition, hybrid 

learning can improve knowledge and skills, 

especially those related to the use of technology, as 

well as create conducive learning environment 

condition [13]. 

 Then research related to 

the implementation of hybrid learning as an 

alternative learning that provides learning styles and 

learning preferences that suit the needs of students 

in the era of the Industrial Revolution 4.0 [16]. 

From some of the previous studies mentioned 

above, researchers see opportunities for new 

research (novelty) to avoid repeating similar 

research. One of the new things about the products 

developed in this study is the discovery of new 

products in learning support technology hybrid 

which is practical, cheap and more efficient to be 

applied to smart classroom spaces in hybrid 

classroom learning [17]. This product can later be 

commercialized because the market demand for this 

product is believed to be very large. The product 

branding produced by this innovation research can 

later become one of the products that can bring the 

institution as one of the inventors in the 

development of learning technology hybrid. 

Hybrid learning, which combines online and face

-to-face instruction, has become increasingly 

important in providing flexible and inclusive 

education that meets the needs of modern students 

 

 

 
Figure 1. Arduino-based automatic hybrid camera track mounting control tool.  
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and supports national educational goals. This study 

addresses this gap by developing a cost-effective 

Arduino-based camera mounting system, designed 

to facilitate hybrid learning without compromising 

functionality or reliability. Therefore, there is a 

pressing need for innovative and affordable 

technological solutions that enable wider adoption 

of hybrid learning. This research aims to develop an 

Arduino-based automatic hybrid camera track 

mounting system that can be easily implemented in 

educational institutions with limited budgets, 

providing an effective alternative to expensive 

commercial smart classroom equipment. 

development of 

automatic hybrid camera track installation for 

learning support hybrid at smart classroom Arduino 

based".  

 

2. MATERIALS AND METHODS 

 

2.1. Methods 

This study uses a Research and Development 

(R&D) methodology using the Analysis, Design, 

Development, Implementation, and Evaluation 

(ADDIE) model to create and validate an 

innovative and cost-effective Arduino-based 

automatic hybrid camera track mounting system 

[18]. This study is conducted within the scope of 

development to ensure that the process remains 

focused on designing, producing, and testing the 

prototype. This study integrates qualitative and 

quantitative approaches (mixed methods) to ensure 

the validity and reliability of the findings. This 

study's design of the development model uses 

ADDIE steps [19]. The data collection techniques 

used include non-test and test techniques. Data 

analysis techniques use qualitative and quantitative 

data analysis techniques [20].  

 

2.2. Research Procedure 

 

2.2.1. Analysis 

The analysis phase identified specific needs and 

gaps in hybrid learning technologies.  To assess 

their needs and preferences, a closed Likert-scale 

questionnaire was distributed to 307 students and 

40 lecturers across 13 universities [21]. Data source 

is a literature review and analysis of the regulatory 

framework were conducted to align innovation with 

the demands of modern education and government 

policies.  

 

2.2.2. Design 

At this stage, the conceptual and technical design 

of the hybrid camera system was developed. 

Hardware includes components such as Arduino 

Nano, HC-05 Bluetooth Receiver, Motor Driver, 30 

rpm Motor and Gearbox, power supply, hybrid 

camera, and jumper cable. The hardware is modeled 

 

 

 
 

 
Figure 2. Arduino-based automatic hybrid camera track mounting wiring control scheme. 
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using SolidWorks to create 3D prototypes and 

simulate mechanical performance. The software to 

control the device is programmed using the Arduino 

IDE, incorporating features for motion tracking and 

remote control via bluetooth. Validation and testing 

instruments, including questionnaires for expert 

validators and simulation tests, are developed. The 

design stage is the planning of the tool to be 

developed, at this stage the researcher prepares a 

design or product design from the results of the 

analysis that has been carried out previously.  

In this study, the design of the automated hybrid 

camera track mounting system with the hc-05 

module and an arduino-based transmitter was 

carried out from start to finish. This stage has three 

design from, namely hardware design, software 

design, and mechanical design. The hardware 

design block diagram is shown in Figure 1.  

Figure 2 shows a schematic of a tool Arduino-

based automatic hybrid camera track mounting 

wiring control scheme developed to support the 

learning process in a hybrid classroom.  

Figure 3 shows a 2D design (hardware design for 

an Arduino-based automatic hybrid camera track 

installation) developed to support the learning 

process in a hybrid classroom.  

 

2.2.3. Development 

After design, the next stage is the development of 

the product designed in this study, namely an 

Arduino-based automatic hybrid camera track 

installation tool. The stages in the development of 

the Arduino-based automatic hybrid camera track 

installation tool are to prepare electronic 

components consisting of Arduino Nano, HC-05 

Bluetooth Receiver, Motor Driver, 30 rpm Motor 

and Gearbox, power supply, android, hybrid 

camera, and jumper cable. The electronic 

components of the arduino-based automatic hybrid 

camera track mounting tool device are assembled 

according to the design. The appliance will be 

running according to the flowchart once the device 

is connected to electronic components. The 

following is a flow chart of the Arduino-based 

automatic hybrid camera track installation tool.  

Data analysis was also carried out at the 

development stage, namely a feasibility test of an 

Arduino-based automatic hybrid camera track 

installation tool using a validation questionnaire 

based on the calculation of the Likert scale. The 

feasibility test results are calculated as a percentage 

of the validation results using the following 

Equation 1 [22]. 

      

      (1) 

 

Once determined, the score percentage is then 

calculated for the interpretation of the score. The 

interpretation of the score can be seen in the 

following Table 1.  

 

 

 
Figure 3. Arduino-based automatic hybrid camera track mounting hardware design.  
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3. RESULTS AND DISCUSSIONS 

 

3.1. Analysis 

A needs analysis was carried out to determine 

the need to develop hybrid learning innovations. 

The research instrument used was a closed 

questionnaire with four answer choices following 

the Likert scale guidelines. The sample of this 

research was 307 students from four universities: 

Bengkulu University, PGRI Silampari University, 

Pat Petulai University, and Samudra University, 

and 40 lecturers from various universities. The 

results of the analysis of the student needs 

questionnaire can be seen in Table 2.  

Based on Table 2, the results of the distribution 

of the questionnaire for the analysis of student 

needs for the development of hybrid learning 

innovations obtained a percentage of 84.80% and 

were included in the category of strongly agreeing 

based on the interpretation of the Liker scale. This 

shows that students strongly agree with the 

development of hybrid learning innovations. The 

results of the analysis of the lecturer needs 

questionnaire can be seen in Figure 5.  

Figure 5, it can be seen that the results of the 

questionnaire analysis filled out by 40 lecturers 

from 13 universities showed a positive response 

with the category of strongly agreeing based on the 

interpretation of the Likert scale. This shows that 

the 40 lecturers who filled out the needs 

questionnaire strongly agreed with the development 

of hybrid learning innovations. Based on the results 

of the questionnaire analysis on the need for the 

development of learning innovations. The content 

of students and lecturers shows that they strongly 

agree with the statements contained in the needs 

analysis questionnaire that describe the need for 

learning innovation as a support for learning in the 

digital era.  

 

3.2. Design 

This stage formulates goals, designs innovation 

tools, and develop the instruments. The appropriate 

goals will be generated from this stage (Fig. S1 – 

S3).  

 

3.2.1. Object 3D Design 

The smart mounting Camera 3D model consists 

of several main components, such as the camera 

base, mount, rail, and rail hook. Each element is 

modeled as a solid object with a level of detail to 

depict the actual geometry. This model uses  the 

 

 

 
Figure 4. A flow chart of the Arduino-based automatic hybrid camera track installation tool.  
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default configuration in the simulation to ensure 

that it is representative. Images of the smart 

mounting camera can be seen in Fig. S4.  

 

3.3. Development 

At this stage, the tool is developed. The results 

of the developing of the Arduino-based automated 

hybrid camera track mounting tool can be seen in 

Fig. S5.  

After the tool is completed, a feasibility test is 

carried out. The feasibility test was carried out by 

collecting data through a validation questionnaire 

from several validators. Based on the validation 

results of the validators consisting of 3 experts, the 

feasibility results of the Arduino-based automated 

hybrid camera track mounting were obtained to 

support hybrid learning. The feasibility test was 

reviewed from 15 statements developed from 5 

assessment indicators, namely the essence of the 

tool, the durability of the tool, aesthetics, precision 

value, and safety. The results of the examination of 

each indicator can be seen in Table S2.  

In the efficiency indicator of the tool, the 

validation results by the expert team were obtained 

on average at 97% with a very feasible category 

based on the interpretation of the score. In this 

aspect, the assessment is measured by the ease of 

use of the Arduino-based automated hybrid camera 

track mounting as a hybrid learning support. Based 

on the results of the validator assessment, the 

Arduino-based automatic hybrid camera track 

mounting, as a hybrid learning support is easy to 

use and assembled by teachers or other users 

without the need for extensive special training. In 

the durability indicator of the tool, the validation 

results showed an average of 96%, which is very 

feasible category. Based on validator research, the 

developed tool has weather resistance and is easy to 

maintain. Based on aesthetic indicators, the 

validation results show 92% with a very feasible 

category based on the validator evaluation, where 

the automated hybrid camera track mounting 

developed has an attractive shape and the 

components that make up the device are neatly 

installed.  

In ensuring that the system can support hybrid 

learning in smart classrooms well, the development 

of proper installation of automatic hybrid camera 

tracks requires special attention to technical details 

and the application of appropriate methods. 

Therefore, an assessment was carried out on the 

precision value of the tool and a score of 97% was 

obtained with a very feasible category. Based on the 

validation results, the developed tool functions as 

an automated hybrid camera track mounting that 

can be used in hybrid learning. In addition, the 

props are made according to the pre-defined design 

and the HC-05 module used works well. And based 

on safety indicators, it scored 92% stating that the 

developed tool is safe to use, and has a non-

hazardous construction. The validation test results 

conducted by expert validators on the developed 

teaching aids obtained an overall percentage of 

95%, wich is a very feasible category. This shows 

that the teaching aids developed are suitable for 

learning support tools. This finding is reinforced by 

previous research that states that using cameras that 

rotate 360° can detect objects around and allow for 

the acquisition of high-resolution images [24]. 

 

3.4. Testing Analysis Tools 

The smart mounting camera is designed for 

stable and flexible shooting in diverse 

environments. Static simulations using 

SOLIDWORKS software assessed it's reliability and 

safety to evaluate structural performance under 

load. The main material used in this model is AISI 

1020 (Low Carbon Steel), which has isotropic 

linear elastic properties. Some of the significant 

material properties include: modulus of elasticity: 

 

 

 

Table 1. Likert scale interpretation criteria [23]. 

 
 

Interval Criterion 

75%≤ Score ≤ 100% Highly worthy 

50%≤ Score ≤ 74% Proper 

25%≤ Score ≤ 49% Not eligible 

0%≤ Score ≤ 24% Very unworthy 
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E2 x 1011 N/m2; Poisson ratio: 0.29; voltage result: 

3.52 x 108 N/m2; and density: 7900 kg/m3. 

 

3.4.1. Focusing and Loading Reactions 

This simulation uses fixed geometry on 12 

model surfaces of the model to simulate realistic 

boundary conditions. A normal load of 1.47 N is 

applied to a single surface to represent the pressure 

or force that may occur on the device during its use. 

The calculated base reaction shows a total reaction 

force of 1.47 N without moment reaction. The focus 

on  the smart mounting camera can be seen in Fig. 

S6. Meanwhile, the application of the load on the 

smart mounting camera can be seen in Fig. S7.  

 

3.4.2. Simulation Results 

The simulation results show that the design can 

safely withstand the load , as shown in the 

following details: maximum stress (von Mises): 

0.5787 MPa, well below the materials’ yield stress. 

The maximum displacement is 0.0071 mm, 

indicating minimal negligible deformation. The 

maximum strain is within the limit of the elasticity 

of the material 1.83 x 10-6. The maximum safety 

factor is 607.5, indicating the design is very safe 

against the applied load. Based on the simulation 

results in Fig. S8 – Fig. S12, the smart mounting 

camera design is sturdy and can support objects 

with minimal deformation and tension under 

material surface. This shows that the design can be 

used reliably under the anticipated operational 

conditions.  

Smart mounting camera is an innovative device 

designed to provide stability and flexibility in 

shooting or video in a variety of environments. To 

ensure the reliability and safety of the design, static 

simulations are carried out to evaluate thestructures 

performance against the loads experienced. This 

report documents the results of static analyses 

performed using SOLIDWORKS simulation 

software. 

 

3.4.3. Tension and Strain 

Normal stress (σ) is the intensity of the force 

acting perpendicular or normal to the cross-section. 

Since this stress has a vertical direction to the cut 

surface, this stress is called normal stress. Similarly, 

it can be described in Equation. 2. 

 

       (2) 

 

So that it becomes Equation 3. 

 

        (3) 

 

where F is cross-sectional perpendicular force 

(N) and A is cross-sectional area (mm2). While 

shear stress is the intensity of the force at a point 

parallel to the cross-section (Equation 4); 

 

       (4) 

 

where τ is shear stress (N/mm2),  ∆V is cross-

sectional parallel force (N), and ∆A is cross-

sectional area (mm2). Strain is defined as the ratio 

of the increase in rod length to initial length, so that 

it is expressed by Eq. 5 [25]; 

      

      (5) 

 

where ε is tension (%), ∆L is increased length 

(mm), and L is starting length – start (mm). 

Strain measures of how much change occurs in 

the stem [26]. In the elastic region, the magnitude 

of the tension is directly proportional to the strain. 

Mathematically, the modulus of elasticity (E) is 

formulated as Eq. 6. 

      

      (6) 

 

3.4.4. Maximum Normal Voltage Theory 

For the maximum normal voltage, the state of a 

material is said to be failed if there is a load equal to 

or greater than the maximum normal voltage (Eq. 

7). 

      

      (7) 

 

 

 

Number of Students Number of Scores Obtained Total Score Percentage Group 

307 20826 24560 84.80% Strongly agree 

 

Table 2. Results of student questionnaire distribution. 
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In general, the theory of maximum tension can 

be shown as follows Eq. 8 and 9; 

       

      (8) 

       

      (9) 

 

where σx is directional voltage x, σy is directional 

voltage y, σyp is yield point, τxy is XY direction 

shear stress, and SF is safety factor. Failure will 

occur if the maximum normal stress due to the load 

is greater than the yield point. 

 

3.4.5. Maximum Shear Voltage Theory 

The theory of maximum shear stress is often 

used on ductile materials. The magnitude of the 

maximum shear stress value is half of the maximum 

normal stress value. Material failure criteria with 

loading τmax (Eq. 10). 

 

                (10) 

 

In general, the theory of maximum shear stress is 

shown in the following Equation 11 and 12. 

 

                 (11) 

       

                (12) 

 

Failure will occur if the maximum normal stress 

due to the load is greater than the point yield. 

 

3.4.6. Energy Distortion Theory (von Mises) 

The von Mises stress criterion was used to 

evaluate material failure, ensuring the stress 

experienced by the structure remains within safe 

limits [27]. Failure criteria on the structure if there 

is a load with σ (Eq. 13). 

      

                (13) 

 

The von Mises voltage equation for a three-

dimensional structure is given as Eq. 14. 

 

                 (14) 

 

where σx is directional voltage x, σy is directional 

voltage y, σz is voltage in the z direction, τxy is XY 

direction shear stress, τyz is swing voltage in the yz 

direction, and τzx is directional shear voltage zx. As 

for two-dimensional structures, the following 

Equation 15 and 16. 

 

                (15) 

       

                (16) 

 

3.4.7. Voltage-to-mass Ratio (Voltage-Specific) 

The output of the simulation results is the 

distribution and the amount of stress that occurs on 

 

 

 
Figure 5. Distribution of percentage scores for participating colleges.  
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the main landing gear structure. From the 

distribution and the amount of stress, the strength of 

the material and whether it is still within the safe 

limit of the yield criteria are analyszed. The 

structure of the main landing gear will be analyzed 

using the failure criterion, namely, von Mises' 

failure theory. Meanwhile, the stress ratio to mass is 

the stress that occurs in the main landing gear’s 

structure divided by the main landing gear’s total 

mass. When a structure undergoes pressure, 

indirectly, the structure also change in shape, 

commonly called deformation. The existing failure 

theory is adjusted to materials used. The theory of 

maximum normal stress is more effectively used for 

brittle materials. As for ductile materials, shear 

stress and von Mises' theory are more effectively 

used. 

 

3.4.8. Safety Factor 

The value of the safety factor of each 

construction design on a machine component 

varies. In ancient times, the value of the safety 

factor did not consider the detailed factors, so the 

security factor was quite significant, between 20 to 

30. Along with technological advancements, the 

safety factor in the design must consider almost all 

factors that can increase the occurrence of 

failures.Hence, the value of the safety factor is not 

as significant as it used to be. The safety factor 

values for some of the machine constructions are 

shown in Table S3. 

 

3.4.9. Object 3D Description 

The smart mounting camera 3D model consists 

of several main components, such as the camera 

base, mount, rail, and rail hook. Each element is 

modeled as a solid object with a level of detail to 

depict the actual geometry. This model uses the 

default configuration in the simulation to ensure 

that it is representative. Images of the smart 

mounting camera can be seen in Fig. S13. 

The main material used in this model is AISI 

1020 (Low Carbon Steel), which has isotropic 

linear elastic properties. Some of the significant 

material properties include modulus of elasticity of  

E2 x 1011 N/m2, Poisson ratio of 0.29, voltage 

result: 3.52 x 108 N/m2, and density of 7900 kg/m3. 

In-class tool testing, as shown in Fig. S14, 

confirms that the Arduino-based automatic hybrid 

camera track mounting system has been 

successfully developed and implemented according 

to the initial design. The system operates stably, 

follows movements as instructed, and demonstrates 

reliability under actual conditions. This testing 

validates that the design previously simulated using 

SolidWorks can be effectively applied in a hybrid 

classroom setting, providing an innovative, cost-

effective alternative to existing commercial 

systems. The implications of this research for 

hybrid learning are highly significant. With this 

system, educational institutions now have a more 

affordable option to implement Smart Classrooms 

previously only accessible to universities with large 

budgets. The flexibility of this device allows 

lecturers and students to interact more effectively 

without complex technical constraints. The primary 

contribution of this research is expanding access to 

hybrid learning, reducing operational costs for 

education, and supporting digital transformation in 

academia. Furthermore, this innovation lays the 

groundwork for future research in IoT-based 

automated learning systems, fostering a more 

adaptive and interactive learning ecosystem for the 

future. 

 

4. CONCLUSIONS 

 

The conclusion of the tool development shows 

significant success in various aspects. The 

developed Arduino-based automatic hybrid camera 

track mounting tool has been proven to function 

well, offering the advantages of much lower cost 

and lightweight design compared to similar 

solutions on the market that tend to be more 

expensive. The effectiveness and efficiency of the 

tool are reinforced by the expert validation results, 

which show an overall feasibility score of 95%, 

with key indicators such as tool efficiency (97%), 

durability (96%), and precision (97%) reaching the 

“very feasible” category. In addition, simulations 

demonstrated the device's ability to safely withstand 

operational loads, with a safety factor of 607.5, 

proving exceptional reliability. The developed tool 

has reached the prototype stage and is ready for 

initial commercialization testing. This innovative 

tool can also provide a better and efficient solution 

to the hybrid learning implementation problem. The 

need for hybrid learning innovation is very high, as 
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shown by the positive responses from 307 students 

(84.8%) and 40 lecturers (95.0%) from 13 

universities across Indonesia. Furthermore, 

developing this tool opens up opportunities for 

further collaboration, synergy, and partnership with 

various universities. Lastly, the developing of this 

tool involves MSMEs, which can encourage 

cooperation with higher education business units 

and trigger cooperation with surrounding MSMEs, 

thus providing tangible economic benefits.     
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