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Abstract: Multiple Outputs Programmable Integrated Circuits (MOPICs) trainer for educational 

applications is fabricated based on unsatisfactory usage of PIC simulation which is not able to achieve 

the learning outcome especially in enhancing leaner’s hands-on skill through circuit designing, 

connection and trouble shooting. Current PIC programming is done through computer simulation, 

cause the leaners facing difficulty in understanding the wiring connection between the input 

component, PIC microcontroller and output components. The fabrication of MOPICs trainer was 

designed and improved by adding more output components, cost effective and user friendly. Moreover, 

MOPICs trainer are embedded with input component such as normally open push buttons, and 5 

difference output components such as seven segment display, servomotor, LEDs, LCD display, and 

12VDC motor. Then, the proposed system provides the virtual classroom and Q&A service for users to 

start their classes.Besides, users can share design samples and experience, and join discussions through 

the forum of the proposed system. For demonstration, three embedded hardware platforms are 

introduced and applied by the proposed learning system.Newly fabricated MOPIC trainer can be 

programme and re-programme for numerous tasks. Based on respondent questionnaire, it is show that 

on average of 92.59% agreed that newly developed MOPICs trainer is user friendly, safe and attractive 

to be used while 94.64% respondent agreed that there are enhancements in theoretical knowledge 

aspect and hands-on skill implementation in their learning process.  

Keywords - Multiple Output Programmable Integrated Circuits (MOPICs), microcontroller. 

 

1. INTRODUCTION 

Programmable Integrated Circuits (PICs) can be categorized into a microcontrollers family that 

produced by Microchip Technology Inc. A microcontroller (μC) is a microprocessor (μP) which 

consists of Input/Output (I/O) devices and build-in peripheral for direct interface with real-world 

devices such as servomotors, timer, switches, lights, buzzer, sensors and etc. PIC simplifies the design 
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of the logic and control systems, allowing complex behavior to be design into a piece of electronics 

instruments. Its represent both the hardware (real-world devices) and software design (programming) 

and often referred as Embedded Systems . The PIC-programming in engineering education especially 

for polytechnic education system is significantly important, software resources are dispersive or 

unavailable on the Internet, so it is difficult for students to search for these resources.  

 

Second, the selection of embedded hardware platforms might not only confuse students but also 

educators. Third, time and locations for learning are confined. This might cause great inconvenience to 

students and thus restrict the growth of manpower. Engineering candidates should receive knowledge 

and hands-on skills with PIC devices as to prepare them for better job opportunities. Understanding of 

embedded systems is an area of study that require more rigorous and in-depth study meanwhile 

maintaining the breadth is required for meeting the emerging of workforce and education needs for 

global industries . It is educational institution responsibility to provide candidates with appropriate 

hands-on skill and theoretical knowledge aspect and at the same time need to aware about the industry 

advance technology.  

2. RELATED WORKS 

  

 D. Meiklejohn [1]  describes electro pneumatic trainer embedded with programmable integrated 

circuit (PIC) microcontroller and Visual Basic (VB) platform is fabricated as a supporting tool to 

existing teaching and learning process, and to achieve the objectives and learning outcomes towards 

enhancing the student's knowledge and hands-on skill, especially in electro pneumatic device. M. L. 

Neilsen et al., [2] discusses the development of an interdisciplinary curriculum on real-time embedded 

systems, and the resulting courses that enable students to develop high assurance, state-of-the-art, real-

time embedded systems. P. Caspy et al., [3] 

 

 The design of embedded real-time systems requires skills from multiple specific disciplines, 

including, but not limited to, control, computer science, and electronics. This often involves experts 

from differing backgrounds, who do not recognize that they address similar, if not identical, issues 

from complementary angles. Design methodologies are lacking in rigor and discipline so that 

demonstrating correctness of an embedded design, if at all possible, is a very expensive proposition that 

may delay significantly the introduction of a critical product.  M. Smolnikar et al., [4] investigated  a 

framework for developing applications based on a Microchip PIC microcontroller (μC). Consisting of 
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hardware and software tools it supports the development and transfer of program code from a personal 

computer to the microcontroller, and evaluation of its execution on rapid prototyping hardware. The 

first part of the paper focuses on hardware design, which is based on a modular approach, i.e. 

recomposed for the design of each application, in order to ensure maximum adaptability. I. Burhan   et 

al., [5] developed Programmable Logic Controller (PLC) Kit for teaching and learning is developed 

based on the existing PLC Trainer that is not able to achieve the objective and learning outcome in 

enhancing the hands on skill aspect through circuit designing, installation and trouble shooting. The 

existing PLC trainer board comes with a casing where students have the difficulty in observing and 

understanding the connection between the input module, PLC controller and output modules. The 

development of PLC Kit has been designed and improved by increasing the number of input and output 

components, cost reduction and it is also user friendly. 

 

3. EXECUTION OF EXISTING PICS COURSE 

 

Embedded systems, especially in PIC-programming is best learned through hands-on training 

with real devices, machines or in automated system. Instructor managed to used graphical simulation 

through laptop to demonstrate the course content without any hands-on implementation. Furthermore, 

there are no appropriate equipment or trainer available in the market for executing the output of PIC-

programme in one compact (embedded) trainer. This document reports some quantitative data about the 

enrolled participants on the MOOCs such as: how many enrolled; where the drop out points occurred; 

how many completed each course; where the participants were based; and so on. We also present some 

qualitative data which comes from participant surveys and interviews with key academic and support 

staff involved in the design and development of each course. These data are intended to inform and 

explain the broad patterns of user behavior and engagement identified via the quantitative analysis.  

Through graphical simulation does not enhancing learners wiring and hands-on skills, thus teaching of 

PIC is considered vital as not much equipment option is available in gaining the hands-on skills. 

Ironically, most apparatus available in market also hardly meets the syllabus requirement because 

designed with a limited output and does not cover vast majority basic devices.  

 

4. ARCHITECTURE DIAGRAM 

Figure 1 show PIC Programming Section is basically consists of RUN/PROG switch and Reset 

Button. RUN switch is used to execute the program while when switched to PROGRAM mode is for 
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writing or downloading the HEX code generated by compiler from computer to PIC16F877A 

microchip via USB cable.  

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 PIC 

 

5. EXPERIMENTAL RESULTS 

  It was separated into two different sections which are to gauge the hardware section of the 

MOPICs trainer and knowledge (understanding) and hands-on skill of the respondents. From the 

distributed questionnaire, it shows that majority of the respondents are satisfied with the hardware 

build-up or construction of the newly fabricated MOPICs trainer with an average of 92.59% agreed it 

was user friendly, attractive and safe, during the hands-on execution. The laboratory workbench only 

need to accommodate one single trainer with computer without any others unnecessary apparatus.  

This will provide more spaces for the leaners to carry out the hand-on practical during the 

laboratory session. Meanwhile, majority of the respondents (94.64%) agreed that the MOPICs trainer 

help them in enhancing their theoretical knowledge and improved their hands-on skills in leaning 

Embedded Systems courses which is good for preparing them to enter workforce once they are 

graduated from this higher institution. Furthermore, the respondents also agreed (92.02%) that it would 

enhance their critical thinking in preparation for their FYP. 

 

6. CONCLUSION 

Through this newly design, developed and fabrication of MOPICs trainer, it helps the learners 

to achieve the learning objective especially in enhancing the knowledge understanding and hands-on 
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skill aspect through circuit designing, installation, programming, execution and trouble shooting. The 

design and fabrication of MOPICs trainer has meet the desirable standards with additional number of 

output components, cost effective, compact, and also it was user friendly whereby all the input and 

output instruments are build-in in one compact trainer. Furthermore, it is supported by the 

questionnaire distributed to the relevant respondents which show that on average 92.59% agreed that 

the MOPICs trainer is user friendly, safe and attractive to be used and 94.64% respondents agreed that 

there are improvement in knowledge understanding and hands-on skill aspect in their learning process.  

The idea of the universal learning system is proposed. The visualization of the dissimilarity matrix let 

users intuitively understand the relationship between the hardware platforms and user preference, and 

helps users select the most suitable hardware platform to learn embedded systems on-line. In addition 

to online courses and virtual platforms, users can also join discussion and ask questions using the 

proposed system. In the demonstration, we applied three hardware platforms used for embedded system 

education in Taiwan. The results show that users can easily select the most suitable hardware platform 

and take courses according to requirements. Therefore, the proposed system can help users learn 

embedded system anytime and anywhere. 
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