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ABSTRACT: In our everyday life, we are accustomed to the use of contemporary electronic devices with continuously
growing potential. However, such technologies are rarely introduced to technology education even in higher education.
Since this technology is developing rapidly, the gap between the everyday implementation and the technology
education programmes is also growing rapidly. In practical laboratory exercises, 8-bit microcontroller evaluation kits
still dominate. On the other hand, one can find much more powerful 32-bit microcontrollers, which are capable of
controlling contemporary devices such as SD memory cards, graphical LCDs, touch pads, intelligent sensors, etc. The
reason for this is the more complex architecture of those devices, which led to rather complicated programming. This
paper outlines some interesting examples of 32-bit microcontroller implementation, and how they can be introduced
into a technology teacher training programme with a new programming environment that introduces the use of drivers.
The pros and cons of 32-bit microcontrollers are considered in the conclusions of the paper.

INTRODUCTION

Technology has been developing rapidly, particularly in recent decades. What is great for everyday life usage is that
such technologies allow us to complete various tasks easier, simpler and faster. Everyone uses devices that execute
orders by sensing our touch, movements or even gestures and such devices are ubiquitous (mp3s, mobile phones,
automotive applications, etc). On the other hand, those devices are rarely introduced into engineering education
programmes.

Eight-bit microcontrollers still dominate in educational practice in contrast with 32-bit microcontrollers or even ARMs,
which are mostly implemented in contemporary electronics devices. It is very hard to follow the development of
technology within the educational context. However, experts in the technology educational field indicate that it is very
important to expose interesting and relevant problems for the effectiveness of teaching [1-3].

The use of 8-bit microcontrollers is well settled in the education field all over the world, as well as in hobby workshops
[4-7]. They have a simple architecture and still manage to be part of amazing projects. That is why it is much easier to
explain their working processes and easier to program them. In the very first stage of introducing microcontrollers to
students, 8-bit microcontrollers are more than welcome. They are appropriate for beginners to get some basic ideas
about how microcontrollers works and, as is well known, the greater the knowledge base they have, the easier it will be
for the microcontrollers to be applied in a new problem situation.

However, not everything can be explained in detail because it would require too much time in the educational process
and would consequently be inefficient. So, the teacher is not able to introduce implementation of contemporary devices
such as SD memory cards, touch screens and other sophisticated sensors and actuators. However, things are going to
change; big steps in this direction are being undertaken. The ATMEL Corporation is one of the worldwide leaders in the
design and manufacture of microcontrollers and, in 2011, they launched a programming environment called AVR
Studio 5 [8]. This integrated development environment (IDE) combines all 8-bit, 16-bit and 32-bit microcontrollers with
AVR architecture.

Following in the footsteps of others IDEs, they also included intuitive code writing, which is very helpful for beginners
and saves a lot of programming time. Among the most powerful features, there are drivers that can be loaded into a
microcontroller to support other components [9]. For that reason, the user does not need to know how to control the
device exactly bit by bit, but can manipulate it with a few functions which provide perfect operation. Of course, not all
devices are supported (and probably never will be), but it is a great start towards usage in the education field or even for
hobbyists.
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INTRODUCING 32-bit MICROCONTROLLERS

Introducing microcontrollers to trainee teachers of technology by way of 8-bit microcontrollers has some advantages.
Those microcontrollers have a much simpler architecture and, it is, therefore, easier to understand their functioning.
This contributes to the first steps of programming microcontrollers. Nevertheless, there are several 8-bit
microcontrollers in DIP IC packages, which make implementation simpler and cheaper for students’ projects.

However, it has turned out that these microcontrollers are becoming less associated with contemporary external devices,
such as memory cards, touch pads and various sophisticated sensors. A crucial point is also the ability to connect the
microcontroller to a PC as a USB device, which many 8-bit microcontrollers do not support.

Producers of a wide range of devices have started to use more powerful 32-bit microcontrollers such as ARMs, but
these devices are more complex and harder to programme and are, therefore, used mostly in the professional domain
[10]. The difference in the programming code of the simplest task to set output pin 7 of Port A and clear it after 100 ms
delay is shown in Figure 1.

int main (void) int main(veoid) {

AVR32_GPIC.port[d].gpers (1<<T):

DDRA = OxFF: ss/zet port A as= output - -
AVR32_GPIO.port[d].oders = (1<<7);
Porta |= (1<<7):/ 7 =et pin 7 = "1" AVR32 GPIC.port[0].ovrs = (1<<7};
delay_m={100); ~srdelay fqr 100 m= delay ms(100);
. Porta &="(1<<7); v clear pin 7 = "0" LVR32_GPIO.port[0].ovre = (1<<T):
a) b)

Figure 1: The difference in programming; a) 8-bit and b) 32-bit microcontroller.

In 2011, the ATMEL Corporation launched the most sophisticated programming environment in this field so far. It is
called AVR Studio 5, integrated development environment (IDE) designed to develop and debug embedded Atmel
AVR applications. The biggest step towards less skilled users is the integration of drivers. The driver is a set of many
functions that serves to control some modules inside a microcontroller or even outside it. For example, the previous task
looks much more easier in the AVR Studio 5 environment. Importing the GPIO driver in this project is shown in
Figure 2, and the task to control the output pin 7 is represented with programming code in Figure 3.

I Sebeet Diivers boom AVR Scltwaee Framework - Edi progect AVAGCES [EESR=R < |

Seboct Debrers, Components, s Sorvives

P EmETTE ETm e

Figure 2: Importing the drivers into the project.

Jint main(veid)
{
gpil
& gpio_clr_gpio_pin
@ gpio_enable_module
@ gpio_set_gpio_pin extern void gpio_set_gpio_pin{uint32_t pin)

@ gpio_tgl_gpio_pin S* \brief Drives a GPIO pinto 1.

@ gpio_teggle_pin
*\param pin The pin number.

A® "

Accept with: <TAB> or <ENTER>

Slint main(void)
{
gpic_set_gpio pin(AVR32_PIN_PA@T7);
delay_ms(1e8);
gpio_clr_gpio pin(AVR3Z_PIN_PAG7);

Figure 3: Intuitive code writing (top) and final code with a driver's functions (bottom).

This example shows a big difference that came with the new IDE. In Figure 3, intuitive code writing, which helps to
find functions easier and enables the coding to be done faster, is presented. The programme also provides a short
description of the function, which is useful for beginners in this field. Figure 3 also shows the final code for the problem
presented earlier. It can clearly be seen that this kind of programming is appropriate even for those who are dealing with
32-bit microcontrollers for the first time. Of course, in subsequent steps of programming things get complicated.
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However, from the educational point of view the crucial steps are the very first ones. They must be as easy as possible
and the results must be seen straight away.

INTRODUCING EVERYDAY TECHNOLOGY INTO EDUCATION

It is very important for students to be involved in problems, which are relational to our everyday life. One of the
possible challenges is how to measure acceleration, while some other action is performing. Acceleration is also a theme
in physics and this experiment could contribute to understanding the issue since students would be actively involved in
the experiment. Furthermore, many contemporary cellular phones have such asensor. The acceleration sensor is
embedded to provide the data, the SD card stores the data, and transfers it to the PC for further analysis. To introduce
the problem, it was decided to implement an EVK-1101 evaluation board, which is equipped with several sensors
including the accelerometer, and it has an SD memory card socket [11]. This board is powered by a 32-bit
microcontroller 32UC3B0256 and can be programmed in AVR Studio 5. The board EVK-1101 is shown in Figure 4.

Figure 4: Evaluation board EVK-1101.

In this project, drivers such as ADC, TIMING, SD/MMC and others are uploaded for easier management of the
hardware. After a little programming time, it was already possible to obtain the acceleration data, saved them to the SD
card and sent them to the PC, where they were presented as is shown in Figure 5.
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Figure 5: Representation of acceleration data during the jump.

Students can now recapture their actions and compare them with the sensor's response. They must also take into
consideration the system force (gravity), which is not an easy task for them. It should be explained that the result to
demonstrate the data could be hidden in the signals. Figure 5 shows three curves that represent acceleration in each
direction (x - [forward/back], y - [left/right], z - [up/down]). The sensor's response at no acceleration presented is 512,
which is right in the middle of its range and is clearly seen at the start of the x and y curves.
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The green curve starts at 710, which represents gravity-related acceleration. The first wave on the green curve is from
squatting to do a jump. After the jump, the steady signal at the same level is followed because there was no motion. The
next action is jumping what can be seen with the tip around 4.4 s. Then, the fuzzy signal can be seen at around the same
level as the red and green curves. This is not a coincidence because the student is now falling back to the floor with
gravity acceleration. Looking from the student's point of view, the system force must be subtracted.

The result is zero gravity for that moment as he/she is off the ground. But that is not all. Looking at the red signal, it can
be seen that during the student's action the red curve goes slightly above zero acceleration, which means that the student
was angled slightly to the left. Why is that? It transpires that the student suffered an injury in the past on his/her right
leg and until then, transferred the weight to the left leg by angling to the left. This fault is clearly seen right at the time
of jump.

Only one opportunity to integrate modern technology into teacher training education has been presented here, but these
devices offer much more. Other interesting devices can be used to maintain contact with fast developing technology.
For example, one can use multi-touch pads without any buttons, which work as capacitor sensors or a graphical display
as shown in Figure 6.

Figure 6: Use of graphical display and capacitor touch pad.

CONCLUSIONS

It cannot be argued that 8-bit microcontrollers still dominate in education field and enjoy major support around the
world. However, if one wishes to educate students to become competitive teachers, they must be familiar with the
technology that surrounds us all, and should follow the guidelines that are dictated by the development of technology.
The authors believe that a new programming environment with the implementation of drivers, is a great step in
introducing 32-bit microcontrollers for beginners, and it gives the teacher an excellent opportunity to implement these
devices in an educational process.

Naturally, there were some obstacles, because not all devices are supported yet, the very popular alphanumeric display
for example. Another deficiency of new IDE is that users cannot write their own driver and save it for another use in a
project. However, it must be confirmed that such an approach will help to integrate modern technology into teacher
education, and will help to reduce the gap between engineering and technology educational and contemporary
technologies.
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