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Abstract 
 

In this paper a hardware and software platform is described. It allows the students of C/C++ 
programming subjects to carry out practical sessions, in which they are able to operate real devices. 
The practices are made remotely through Internet and offer the student the possibility to operate the 
equipment at our laboratory from their homes, in a flexible schedule, obtaining an unlimited access to 
the subject’s resources. 
The system is motivated by the low interest shown by the students in C/C++ programming subjects. 
To date, the programming exercises do not seem to be stimulating for the students, and, as the year 
progresses, the attendance to practicals decreases approximately up to a 50%, causing the total 
number of students that manage to pass the subject to be as low as a 20%. 
In order to change this situation, we focus on practicals with real microcontroller-based devices in 
which the student can observe the results of  programming his algorithm in C/C++. We have observed 
that the students are more stimulated if they can see the results of their program working on a real 
device. Generally, the problem with this solution is that a large quantity of such real devices needs to 
be purchased and prepared for the practical sessions, needing a great initial investment and 
generating troubles. 
In order to solve this situation, we have designed a hardware system that is based on the Arduino 
open hardware platform. The Arduino board can be programmed via an USB port, connected to a 
GNU/Linux server. The Arduino board communicates with different modules, actuating on electronic 
devices such as LEDs, DC motors and a LCD. 
To date, the system has been working for a whole semester leading to an improve in the general 
results of the students. 
  
Keywords 
Innovation, education, C, C++, Arduino  
 
1. Introduction 
 
This paper presents an application that allows the students to program an Arduino microcontroller 
remotely. The application is intended to be used in C/C++ practicals by students. 
 
The authors have been teaching C/C++ subjects in the first year in Industrial Engineering. These 
subjects have an important practical part, constituted by up to 45 hours of practical programming 
sessions. During the last years we have observed that practical sessions were not motivating for the 
students. This caused the decrease in the theoretical level in the lectures, and the necessity of 
repeating programming concepts several times. In consequence, the attendance to practical sessions 
dropped approximately a 50% as the final examinations approached. This causes that, with a great 
lack of experience in programming, most of the students failed in the final exam.  
  
In our opinion, the main problem is related with the age of the students when they receive the C/C++ 
programming subjects in their first year in Industrial Engineering. In this sense, C and C++ concepts 
are completely new to them and imply a great change with respect to any other subject seen before. In 
addition, programming requires a great schematic vision of any problem, such as the implementation 
of algorithms or any application. Our experience says that this ability is very difficult to teach to the 
students. We normally find that the students desperately try compile and run any code without 
thinking. 
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In order to change this situation, the teachers involved in these subjects have tried to move towards 
an entirely practical approach. It is well known that students, specially in the first year, are far more 
encouraged when the subject has a practical orientation (probably, this habit is acquired during their 
secondary education). In consequence, we have focussed on practices with real devices in which the 
student can observe the results of  programming his C/C++ algorithm physically. This solution was 
chosen since, apparently, the subjects that involve the use of microcontrollers do motivate the 
students, since they are able to interface temperature sensors, LDRs, LCDs and other devices that 
result attractive to them. 
 
Once we found that we could motivate the interest of students by using this equipment, the problem 
consisted in translating the list of topics without interfering with other subjects where microcontrollers 
are taught.  
 
We have chosen the Arduino computing platform [1] as the core of our system. The main reason for 
this is the existence of a vast user community where ideas, projects and solutions are exposed. 
Normally, we can find solutions to typical problems that appear when programming this platform. In 
addition, a great quantity of users publish their projects, along with their documentation. This fact 
further motivates the students and allows them to learn while they “play” with all the information and 
projects previously developed. In addition, Arduino is easy to use and to learn, since there exists a 
great number of tutorials and guides. 
 
Finally, and considering the use of the Arduino platform in the practical lessons, we considered the 
problem of equipping every student with an Arduino platform and some sensors, LEDs, motors, etc… 
The problem with this solution is that a great quantity of such real devices needs to be purchased and 
prepared for the practical sessions, needing a large initial investment and generating the need of 
maintaining them in good conditions. In consequence, we propose a system that allows to control de 
access of a great number of students to a reduced number of Arduino-based modules.  
 
 
2. System architecture  
 
 
2.1 Arduino-based scale model  
 
The architecture of the proposed system is based on the Arduino computing platform: an open 
architecture equipped with digital inputs and outputs which possesses a great flexibility and ease of 
programming. According to its developers, it is conceived to be used in the development of interactive 
autonomous devices. Currently, the Arduino platform is used by artists, educators, designers and 
hobbyists. 
 
Arduino is able to sense the environment and execute actions consequently, such us, activating ligths, 
motors or other actuators. Moreover, it is cheap, open source and open hardware, so that it can be 
used to develop any project without the need of a license. This fact is of paramount importance in an 
educational application. 
 
The motherboard relies on a single ATmega168 [2] microcontroller with an 8-bit RISC [3] architecture 
and 16 KB of programmable Flash memory. It provides 14 digital I/O, 6 out of them can be used to 
generate a PWM signal. Moreover, it possesses 6 analogical inputs with 10-bit A/D conversion. This 
fact allows to acquire information from the environment using sensors and actuate over any device 
using the outputs.  
 
 
 
2.2 Server 
 
All the architecture is placed in a minimum space. In order to do this, a 600x800x300 mm cube has 
been manufactured using aluminium profiles and methacrylate. A motherboard with an Intel Atom [4] 
processor @533 MHz has been used as server, which runs under Debian GNU/Linux [5] and an 
Apache2 [6] web server. We have developed an application that is used for the upload and 
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administration of C/C++ code of the students. Using this application, the students are able to do the 
following tasks: 

- Upload the code to the server. 
- Compile the code and observe the results (i.e. compilation errors). 
- Download the code from the server to any of the scale models governed by an Arduino 

board.  Each scale model communicates with the server by means of a serial RS-232 [7] 
protocol using a USB port. 

- Watch the results of their program real time, by means of a web cam.  
 
The last part is performed using the software Motion [8], which is capable of real time video streaming 
and permits to store the videos, so that the students can save the results of their practicals. A set of 
scripts are used to associate each video to the student that is logged on the system at that moment. A 
general view of the system is showed on Fig. 1. 
 

 
Fig. 1. General layout of the system. 

 
 
2.3 Network architecture 
 
As previously said, the communication of the server to the Arduino board is made via a serial RS-232 
protocol with an USB port. The server is connected to the internet by means of a Fast Ethernet wired 
network. 
 
 
2.4 Hardware design of modules and practicals 
 
Arduino allows the connection of any kind of hardware to the board. In our case, the Arduino board is 
connected to two modules, where the sensors and actuators are connected. In the architecture 
presented here, the modules allow to observe the results of a program running on the Arduino board. 
The modules can be easily interchanged by others, and can be modified depending on the needs of 
each practical session or the concepts that are being taught at that moment. 
 
The modules that have been developed consist of several hardware elements that can provide visual 
information to the student, such as LEDs, LCD displays or motors. This information is captured via a 
webcam and transmitted by video streaming to the web page. 
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Nowadays, two modules have been added: 
 

• Module 1: Consists of a 20x4 LCD alphanumeric display and 6 LEDs with different colors. 
• Module 2: Contains a 7 segment display, LEDs, a DC motor with reducer gear that can be 

driven in both directions and is equipped with an encoder. Additionally, there is a LDR 
illumination sensor. 

 
 

 
Fig. 2. Summary of the connections between the Arduino board and the modules. 

 

 
Fig. 3. LCD connected to module 1. 

 
These two modules are connected to the Arduino board by means of a PCB that has been specially 
designed for the current project. This circuit is in charge of demultiplexing the digital I/O of the Arduino 
board. This circuit will be denoted as Module 0. As said previously, the Arduino has 14 digital I/O that 
suffice for most of the applications, but thanks to this circuitry we can use twice the number of the I/O 
of the Arduino board, that is, 28 digital I/O. 
In this way, each one of the modules 1 or 2 is connected in parallel to the Arduino board, and we 
select each of the modules by means of a free digital I/O (1-bit). This module selection bit is controlled 
by software, meaning that, at any time, a program can give the instruction of changing from one 
module to the other, depending on the hardware to which we desire to communicate. For example, we 
may activate the motor that is connected to the module 0, then switch to module 1 and write on the 
LCD and state that the motor has been activated. Switching from one module to the other is made by 
a library function that changes the voltage level in the module selection bit (module 0). These 
connections are summed up in Fig. 2. 
 
Connections between module 0 and modules 1 and 2 are made by means of 20 pin flat cable 
connections. All the pins can be easily accessed, so that any voltage can be manually checked, 
helping in this way the debugging of hardware design errors. In addition, the system can be easily 
expanded with new modules. 
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The modules that have been developed allow the student to develop a great number of programming 
functions. This surely helps the student to learn important programming concepts and clarify most 
ideas. The central core is formed by the LCD, that forms the main communication interface to 
exchange information with the student. The LCD is shown on figure 3. The LCD allows the student to 
debug programs, show data and variables. The LCD may be used to show in real time the data 
gathered from the sensors. For example, the illumination level acquired by the LDR sensor, the 
number of revolutions of the robot, the state of the LEDs. In addition, the LCD can be used to teach 
structures and working with matrices. The students are provided with the functions needed to initialize 
the LCD, write and delete characters, placing the cursor at a given position, etc… These functions are 
encoded in a library. 
 
The DC motor (Fig. 4) can be used to program tasks in parallel and work with timers. For example, we 
can try to activate the motor and turn a given number of revolutions, or turn for a given number of 
seconds. Meanwhile, the direction of rotation can be showed by means of LEDs and the number of 
turns made can be placed in the 7 segments display. 
 

 
Fig. 4. Motor and reducer gear, connected to module 0. 

 
Also, the LEDs are useful to debug programs. It can be used by the student to check the state of the 
program while it is being executed. For example, the LED1 could be switched on when exiting from a 
while loop, or when entering a special switch case. The state of the LDR can be read and then 
passed to a function in order to perform a mathematical operation with it. The 7 segment display can 
be understood as a set of LEDs. To work properly, the students may learn how to activate the LEDs 
correctly to display the information. The 7 segment display can be used to inform the user about the 
state of the program or showing numerical information or results (for example, the i counter in a for 
loop). 
 
 
2.5 Web application 
 
The web application has been programmed in PHP [9] and relies on a MySQL [10] database to store 
all the information about the practicals carried out by the students. In this way we can save the 
number of times that the student uploaded a program, compiled it, or downloaded and executed the 
program on an Arduino board. 
 
Autenthication 
 
Each student is given a username and password to enter the system, as shown on Fig. 5. We perform 
an access control based on sessions, that is, when the student is logged on the system he can use 
the system up to two hours. During this time, the student may upload the code to the server, compile it 
with the online compiler and, when no errors appear during the compilation, download the program to 
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the microcontroller and observe the results. Once the session expires, the student must wait 24 hours 
in order to connect again to the system. 

 
Fig. 5. Web server login page. 

 
 
Online compiler 
 
A PHP web module has been developed. It is based upon the GNU/Linux command line utilities for 
Atmel microcontrollers and the avr-gcc compiler [11]. The module shows the results of the 
compilation process to the student that is logged on the system. An example of the information 
produced by the compilation process is shown in Fig. 6.The errors produced by the compiler are 
presented on the screen, so that the student can read them and correct the program consequently. If 
there exist errors, the system allows the student to upload a corrected source code file. When no 
errors appear, an option is activated, so that the student can download  the hexadecimal code to the 
microprocessor. 
As a future work, we consider to highlight the information depending on the kind or errors presented. 
Also, a new interface will be developed. It will integrate the translation of the errors presented by the 
arv-gcc compiler, making them more readable. This function is specially interesting when the students 
start programming, since the compiler errors tend to be difficult to understand. 
 
 
3. Off-line compiler and IDE environment 
 
The Arduino board can also be programmed by means of a free license IDE. This environment is 
based on the Processing/Wiring projects. The Arduino IDE is available for several platforms (Microsoft 
Windows, GNU/Linux, Macintosh) and can be used to write applications in C/C++ with the set of 
instructions supported by the avr-gcc compiler. 
 
The students can download and use the IDE environment at home. However, we consider that the 
arv-gcc compiler presents much more information about the compiling process, compared with the 
IDE environment. In addition, we consider that the web module is easy to use. 
 
4. Library creation  
 
We consider that the electronics in each need module to be transparent for the student. That is, the 
students do not need a deep understanding about the hardware. In order to do this, we have 
developed a set of functions that allow to easily interface the hardware. These functions are integrated 
in a library that will be integrated in each project. The student will be provided with these libraries, for 
example, to initialize, delete or write on the LCD.  
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In our opinion, these libraries are of great importance, since our system consists of different hardware 
devices that must be accessed using low level operations. However, the main objective is to teach 
C/C++ to the student, and not to deal with hardware problems. In consequence, the libraries allow to 
student to concentrate on C/C++ programming and interface the hardware without having to deal with 
it at low level,  which may be difficult to understand by the students. 
 

 
Fig. 6. Results of the compilation process. 

 
5. Conclusion 
 
The system has been working for a complete semester. During this period we have observed a some 
advantages, both for the students and teachers. In addition, we have observed some disadvantages, 
that we will try to fix in the future. 
 
Next, we will list the main advantages provided by the system: 

- A great advantage is the reduction in the infrastructure needed. There is no need of a 
great number of devices to be programmed by the students. In our case, only 3 Arduino 
boards suffice. The students can carry out their practicals at home, which is specially 
interesting to the ECTS credit system [12]. 

- Transparency of the electronics in the programming. This is particularly important for 
students who are not familiar with electronics. We think that this benefits the student, who 
may concentrate on the programming language instead of dealing with hardware details. 
For example, the student will be able to send the data to the LCD, but he must not be 
aware about the connections or the low level signals sent to the LCD. 

- It is easy to repair the possible failures in the hardware modules. The modules are simple 
to connect and independent of each other. For example, the system can work even if one 
of the modules is not connected. It is possible to repair any failure by just interchanging a 
module for a new one. 
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- Since the system is modular, new functions can be easily added to the scale models, by 
adding new modules. This implies that new practical sessions can be designed without the 
needs of re-designing the whole system. 

- The project considers an initial contact with the microcontrollers and their programming 
with high level languages. In this sense, the students does not need a deep understanding 
of the electronics in order to see real results on a real device. In this sense, we think that 
this aspect highly motivates the students, without having to deal with the low-level 
hardware details.  

- In addition, correcting the practicals is pleasing, since the results are stored in videos that 
can be later viewed. This allows the teacher to observe whether the practical is correct or 
not, without having to observe the C/C++ code (which tends to be unpleasant). 

- Finally, the system the hardware is protected against misuse, malicious use, or just 
programming errors that may cause failures.  

 
The only disadvantage that we have found is the need of introducing the system to the students. Our 
experience says that the students need a whole practical session in order to learn the working of the 
system and learn all the features: authentication, online compiler, viewing the results, capturing the 
video, etc. 
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