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îR�mcePc_mR̂c�Pc̀j
mj
RT�mlaU
mchRPTjmcen
xc
RPj�̂cjP
̀̂
̀kT̀Z
̀kP
ePcPRTa
̂Q�Ph̀m_P
̂g
̀kmj
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Abstract. Educational continuity has been made possible by the fact that teach-
er education and teacher collaboration systems have evolved rapidly to provide 
teachers with the knowledge and skills they need both to adopt new pedagogies 
and to support students and their families during the pandemic. Therefore, it is 
recommended that the ongoing professional development of teachers be more 
integrated into the organization of their educational work. Now, what tools can 
we offer students to continue doing practices from home in the same way as if 
they were in the university's laboratories? It seems that more than ever remote 
laboratories are the solution or perhaps the best alternative. A remote laboratory 
could be defined as a set of hardware and software technologies that allow the 
user, through the Internet, to carry out an experiment in the same way as if they 
were in the face-to-face laboratory. There are a lot of benefits of using remote 
laboratories in the learning process. From our side, and what is the object of this 
contribution, we have developed a series of seminars through which we develop 
educational content around microelectronics. During these remote access semi-
nars, attendees have been able to use LabsLand's remote FPGA (Field Pro-
grammable Gate Array) laboratories to experiment while developing the theo-
retical contents and challenges proposed. 
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Keywords: Collaboration, FPGA, Learning technology, Microelectronic, Re-
mote laboratories. 

1 Context 

We are facing an exceptional situation, never experienced before, which has high-
lighted the enormous difficulties of all our systems, and especially the educational 
one. Since the closure of the schools, as a preventive measure, in the face of the 
COVID-19 pandemic we are facing a scenario of uncertainty in which the entire edu-
cational community is trying to provide the most appropriate responses to its students 
[1-3]. 

Schools, local educational administrations, and States will have to develop dynam-
ic strategies for educational continuity that can be quickly adjusted to the different 
situations that may arise. This includes the design of strategies to offer feedback and 
accompaniment to students, their families, teachers, and the societies that surround 
them. 

During lockdown, many countries have experienced deficiencies and inequalities 
in access to technology and skills for online teaching and learning. Therefore, it is a 
priority to address these deficiencies in order to face the next course, both from gov-
ernments and from the educational community, because it is essential to help students 
develop the skills they need to face tomorrow. 

2 Purpose 

Educational continuity has been made possible by the fact that teacher education and 
teacher collaboration systems have developed rapidly to provide teachers with the 
knowledge and skills they need both to adopt new pedagogies and to support students 
and their families during the pandemic. Therefore, it is recommended that the ongoing 
professional development of teachers be more integrated into the organization of their 
educational work. 

Now, what tools can we offer students to continue doing practices from home in 
the same way as if they were in the university's laboratories? It seems that more than 
ever remote laboratories are the solution or perhaps the best alternative. A remote 
laboratory could be defined as a set of hardware and software technologies that allow 
the user, through the Internet, to carry out an experiment in the same way as if they 
were in the face-to-face laboratory. Or, explained differently, what is not a remote 
laboratory? It is not a simulator or a virtual laboratory where the answer of the exper-
iment is designed, developed, and coded by a programmer. The authors in the follow-
ing papers provide empirical results of the benefits of using remote laboratories in the 
learning process [4-10]. 

From our side, and what is the object of this contribution, we have developed a se-
ries of seminars through which we develop educational content around microelectron-
ics. During these remote access seminars, attendees have been able to use LabsLand's 
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remote FPGA (Field Programmable Gate Array) laboratories (https://labsland.com/ ) 
to experiment while developing the theoretical contents and challenges proposed. 

3 Approach 

This paper presents a pilot test framed in microelectronic where attendees were using 
a remote FPGA based laboratory. FPGAs are devices that allow us to describe a digi-
tal circuit using a specific language, being the most common are VHDL (Very High-
Speed Integrated Circuit Hardware Description Language) and Verilog. After the 
process of synthesis, placement and routing we can record our description in the 
memory connected to the FPGA or directly to the FPGA (if it has the memory inte-
grated). When working with this type of devices it is necessary to install the software 
and have a development kit available for use. In addition, it is usually necessary a PC 
with quite high requirements. Thanks to the remote FPGA based laboratory, students 
do not need to install any software, nor have a development kit to perform the neces-
sary experiments. 

The following sub-sections show the different sessions that were held as part of the 
activities of the IEEE Student Branch at UNED. Other examples of this type of activi-
ties can be found at [11-20]. 

 
3.1 Introduction to FPGAs, first steps in microelectronic design 

In a first session the different types of programmable logic devices and their historical 
appearance were shown: PAL (Programmable Array Logic) in 1978, GAL (Generic 
Array Logic) in 1985, FPGA (Field Programmable Gate Array) in 1985, CPLD 
(Complex Programmable Logic Device) in 1988 and SoC (System on Chip) in 2012. 
Later, FPGAs were described as those devices that allow the description of digital 
circuits. The two most common languages are: VHDL and Verilog. Next, the devel-
opment flow normally used was shown: Digital Design, HDL Description, Synthesis, 
Placement and Routing, and loading into the FPGA. 

The most common elements were also shown: Logic Gates, Memory Blocks, 
Clocks, DSP and SerDes. In a next step, a series of recommendations were indicated: 
(1) Parallel execution, and (2) Synchronous and asynchronous processes. The work 
with this type of devices should be oriented to: Modular design and Reuse. The main 
manufacturers were indicated: Xilinx, Altera (currently Intel), Lattice and Atmel (cur-
rently Microchip). It was also indicated a series of development platforms that can be 
thought for makers: (1) Arty A7 (Xilinx), (2) Icezum Alhambra (Lattice,), (3) Terasic 
DE0-Nano (Intel), and (4) Arduino MKR Vidor 4000 (Intel). In addition, different 
application development tools with FPGA and circuit simulation were indicated. To 
complete the content of the session, a series of sectors where the use of FPGA is quite 
extended were shown: Aerospace, Audio, Automotive, Broadcast, Electronics, Data 
Centers, High Performance Computing, and Industrial and Medical. 

Finally, a series of applications made with FPGA were shown: (1) servo control 
(https://youtu.be/UwN5NicwRTo), (2) humanoid robot control based on servos 
(https://youtu.be/aCz6ryLf3ss and https://youtu.be/QxWW5MXiIDI) and (3) Dual 
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Educational Robotics Laboratory [21-23]. Finally, a challenge was proposed to the 
attendees: (1) Imagine an application to develop with FPGA, (2) Acquire the compo-
nents, and (3) Assemble and program your solution. 
3.2 First steps with FPGA, describing in VHDL 

In another session it was shown how digital circuits are described using the VHDL 
language. At the beginning of this session some differences between FPGAs and mi-
croprocessors were discussed. Microprocessors compared to FPGAs: they are sequen-
tial, the code is always executed, and they usually have fewer input/output ports. 
Some precautions to be taken when developing with FPGAs were also indicated, such 
as being careful with the loops, paying attention to the running conditions, and it is 
highly recommended to take advantage of the modular design. 

In addition, several features of VHDL were indicated: 

 Originally developed by the United States Department of Defense in the early 
1980s 

 Language standard defined by the IEEE  
 To program PLD, FPGA, ASIC and similar 

Later, the structure of .vhd files and the differences between sequential logic and 
combinational logic were described. 
In a next step, the LabsLand remote FPGA lab used during the session was detailed 
and the attendees were able to access it to work with the examples shown. Figure 1 
shows LabsLand's remote FPGA lab. 

 

Fig. 1. LabsLand's remote FPGA lab 

The first description of a circuit was a BCD-7segment decoder: 

 Inputs: The first four switches from the bottom, V_SW(3 downto 0) are the BCD 
input 

 Outputs: the 7 segments on the right, G_HEX0(6 downto 0) 
 Logic with case sentence 
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The challenge for the attendees was to make an E appear when there is an invalid 
entry. They were also given another challenge to make the 7 segments represent hex-
adecimal codes. 

As a description of more complex circuits, we worked with the description of a 
counter, a frequency divider, a state machine and finally, basic filters. 

All the examples shown were given to the attendees during the session. At the end 
of the session, the following challenges were proposed to the attendees so that they 
could work on the content shown: 

 Using the example "ADDER.vhd": 
─ Make nothing visible in the 7-segment if at least one of the two entries is not 

BCD 
─ Use the G_LEDs to indicate whether the first summation input is GREATER 

than the second summation input, whether the first summation input is LESS 
than the second summation input, or whether they are equal 

 Using the example "COUNTER_MOD.vhd": 
─ Add a V_SW switch that makes the counter count or not, with switch = 1 

counts, and with 0 it does not count 
─ Add a V_SW switch that makes the counter go from 0 to 9 if it is 0 and go from 

9 to 0 if it is 1. The chosen switch is 0, the rightmost one 
─ Same as the previous one but when changing the V_SW switch from 0 to 1, or 

vice versa the counter goes to the beginning of the other sequence. That is, if it 
was going up (switch=0) and it goes down (switch=1), then the counter goes to 
9 and then it continues 

 Using the example "STATE_MACHINE_MOD": 
─ Make the state transition not by pressing the button but by releasing 
─ Use everything you have learned to make a clock with the 7 segments: 
─ G_HEX0 as units of seconds 
─ G_HEX1 as tens of seconds 
─ G_HEX2 as units of minutes 
─ G_HEX3 as tens of minutes 
─ G_HEX4 as units of hours 
─ G_HEX5 as tens of hours 

 Use everything you have learned to perform a pong with the 7 G_HEX segments 
and the V_BT buttons for two players. 

3.3 Digital Signal Processing with FPGA 

In a third session, the topic was Digital Signal Processing (DSP). Digital signal 
processing is one of the most powerful technologies that will shape science and engi-
neering in the 21st century. Some fields of application of DSP are: Communications, 
Medical imaging, Radar and sonar, High fidelity music, and Oil exploration, among 
others. In the framework of FPGA there are two types of processing: discrete signals 
and digital values. 
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Throughout this session, it was shown how digital circuits of a series of digital fil-
ters were described using the VHDL language. The result of the description was also 
developed on an FPGA using LabsLand's remote FPGA laboratory. 

The first activity of the session was focused on basic filtering. To do this, work 
was done on the effect of the bounces of the signals coming from the buttons. The 
challenge was proposed to the attendees to answer the following questions: 

 How many bounces are detected when using a button? 
 How could the bounces be filtered? 

Examples of how to count the pushbutton bounces and how to filter those bounces 
were shown. 

In a second step, we worked on an example of filtering the signal received from a 
sensor. A sensor emulator with noise and its corresponding filter was used for this 
purpose. The challenge was proposed to the attendees to answer the following ques-
tions: 

 What is the effect of noise on the measurements received? 
 How could the sensor values be filtered? 

Figure 2 shows the sensor emulator with noise (top) and the filtering effect of the 
example shown (bottom). 

 

Fig. 2. Sensor emulator with noise (top) and the filtering effect of the example shown (bottom). 

 
All the examples shown were given to the attendees during the session. At the end 

of the session, the following challenges were proposed to the attendees so that they 
could work on the content shown: 
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 Using the example "BUTTON_BOUNCING": Make another type of filtering to 
add to your circuit to the bounces of the buttons 

 Using the example "SENSOR_NOISE": Describe a filtering that improves im-
munity to noise generated by the sensor emulator compared to the one used in the 
example "NOISE_FILTER". 

3.4 Safety Critical Applications with FPGA 

In a last session, the basis of the development of Safety Critical applications with 
FPGA was shown. Safety Critical systems are those systems protected to perform 
functions that: 

 Avoid risks to people 
 Avoid risks to the environment 

These systems consider: 

 Hardware 
 Software 
 Human aspects 

Companies dedicated to this type of application have a RAMSS department (Reli-
ability, Availability, Maintainability, Safety, and cyberSecurity). 

A Safety Critical function must detect a fault and direct the system to a safe situa-
tion. 
The architectures can be: 

 1oo1 (1 out of 1) 
 1oo2 (1 out of 2) 
 2oo2 (2 out of 2) 
 2oo3 (2 out of 3) 

To this session, the 2oo2 architecture is detailed. A 2oo2 architecture can be de-
signed: 

 With diversity in the people who design it 
 With hardware diversity 
 With a variety of software 
 With diverse firmware 

Firmware diversity can be: 

 Positive logic <> Logic in complement 
 Upstream counters <> Downstream counters 
 Coding of state machines 

The applications of this type of development can be 

 Infrastructure 
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 Medicine 
 Nuclear Engineering 
 Entertainment 
 Transport: Railway, Automotive, Aviation and Aerospace 

As a practical example, during this session a counter was shown representing your 
count in a 7-segment and the indication of discrepancy in each of the FPGAs. Figure 
3 shows a block diagram of the system to be implemented. 

 

 

Fig. 3. Block diagram of the system to be implemented. 

The example was developed using LabsLand's remote FPGA lab. The examples 
shown were given to the attendees during the session. At the end of the session, the 
following challenges were proposed to the attendees so that they could work on the 
content shown: 

 Do you dare to create your own Safety Critical application? 
 To be Safety Critical you should have: 

─ Positive logic <> Logic in complement 
─ Upstream counters <> Downstream counters 
─ Coding of status machines 

4 Outcomes 

Throughout the paper we present the learning methodology used and different educa-
tional resources to be used in the framework of microelectronic education based on 
FPGA. During our educational experiences, a total of 65 attendees were adhered to 
the sessions: 

 29 attendees were connected to Introduction to FPGAs, first steps in microelectron-
ic design 

 18 attendees were connected to First steps with FPGA, describing in VHDL 
 10 attendees were connected to Digital Signal Processing with FPGA 
 8 attendees were connected to Safety Critical Applications with FPGA 
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The countries of connection were France, Germany, India, Mexico, Peru, Spain, 
United States and Venezuela. 

All attendees were attending the sessions from their corresponding country and 
they were able to use the FPGA LabsLand's remote FPGA laboratories during the 
session and during one week after the corresponding session. 

5 Conclusions 

As a main conclusion, it has been possible to demonstrate that the methodologies 
used, and the LabsLand's remote FPGA laboratories are a good option for promoting 
collaborative work between students. Furthermore, it has been demonstrated how 
microelectronics can be developed remotely in an easy way. Therefore, the results are 
useful for the teachers who wants to initiate their group of students around microelec-
tronics remotely. 

The use of LabsLand's remote FPGA laboratories in microelectronics teaching en-
vironment promotes the development of skills and competencies (basic use of FPGA, 
DSP with FPGA, Safety Critical applications with FPGA) in an affordable and easy-
to-use way. In addition, LabsLand's remote FPGA laboratories are valid for the de-
velopment of scalable educational content and is ideal for collaborative learning. We 
have also found that LabsLand's remote FPGA laboratories are suitable for develop-
ing skills in participants. 

Given that the number of participants is not extremely high, it would be advisable 
to work with the same contents and a greater number of samples to be able to consoli-
date the conclusions reflected here. 
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