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Abstract 
The main objective of this paper is to point to the collaboration of teachers and students and to the 
result of this collaboration which is their common development of the educational equipment. The 
development of educational equipment has been initialized as part of the educational process in 
section protection of persons and property. The paper also describes this very development of 
educational equipment suitable for testing of selected components of intruder alarm systems. The 
starting phase of this above-mentioned development resulting in the linking of teaching and ongoing 
research at the faculty. The data collection was the first stage of the development of educational 
equipment. The data were obtained by testing selected components of intruder alarm systems. 
Students realized large number of tests as a part of subject and results of these tests are their final 
thesis in which students processed all measured data. The second phase of the development of 
educational equipment began as a direct link of teaching and ongoing research. All obtained data, 
findings and results of student’s work created a base for formulating and submitting projects especially 
aimed at the development of educational equipment for the improvement of the educational process. 
The first project is focused on the concept, development and assembly of testing device designed to 
test the specifications provided by manufacturer of the magnetic contacts and passive infrared motion 
detectors. Testing device is a great benefit in terms of teaching subjects, because students have the 
opportunity to test greater number of different magnetic contacts and in a shorter period. Another 
significant benefit is the possibility of cyclic testing of magnetic contacts and simulation of depreciation 
of reed relays, which are the core of magnetic contacts. Testing device for testing motion detectors is 
developed to replace the assistant when testing specifications provided by manufacturer and to test 
breakthrough resistance. This equipment will be possible to modify for different kinds of tests that will 
be realized not only for obtaining data, but also for the further development of this test equipment 
within the framework of final thesis and research. The second project is focused on the concept, 
development and assembly of a new generation of magnetic contact. This new generation of magnetic 
contact detects changes in the magnetic field of the magnet using a Hall-effect sensor and a 
microprocessor unit. The use of more advanced technology allows, for example, changing parameters 
in real time and precise detection of sabotage as well. Development of a new generation of magnetic 
contact will be part of the educational process and it will be incorporated into the final thesis, thereby 
intensive linking of education and research at the department. Article points to the possibility of linking 
educational process and research, engaging students into solving research projects through the final 
thesis and points to the results of the cooperation of students and teachers. The result of the paper 
explains not only the development of the new educational equipment but also linkage between 
research and education which is very important for both sides – motivational for students and 
supportive for teachers. The content of the paper can be used for even deeper research, collaboration 
with other universities, institutions and companies as well. 
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1 INTRODUCTION 
The labor and technology markets are changing rapidly in these days. It is very important that man 
does not become uneducated in this fast changing environment. The high-quality education has 
crucial importance for the development of the country and the society.  Education is very important not 
just for children and young people. Adults should be also improving their knowledge and skills to not 
falling behind the younger society. And sometimes the younger people have amazing ideas but no 
means to realize them especially students at universities. Actually, only few of them reach to the 
ongoing research at university and the rest of them just struggling with ordinary learning. It is 
necessary to bring ongoing research projects for as many students as possible. Linking educational 
process with ongoing research could encourage students to get better study results and help 
researchers to get new fresh ideas and additional assistance. 
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2 EDUCATION, RESEARCH AND HOW TO LINK THEM 
Our department is oriented in security field of study. Security has actually very complex meaning.  
Students will get in touch with various school subjects oriented in this field. They learn how to be 
responsible security manager, learn the principles of crime scene investigation and also, they learn 
basics of breakthrough resistance of mechanical barriers and intruder alarm systems. This particularly 
paper deal with school subjects and research focused on intruder alarm systems. Students acquire 
knowledge from several school subjects, e.g.: 

− general knowledge about intruder alarm systems and video surveillance, 
− complex knowledge about intruder alarm systems, 
− complex knowledge about video surveillance, etc. 

At the beginning, there was an idea that young people need more than just reading books and 
learning definition word by word. Especially when we are talking about school subjects oriented in 
technical field of study. It is harder to imagine working principles of technical devices when you cannot 
touch them, look inside them and see for your own eyes how this particularly device is working. Of 
course, we can explain all this theory by means of pictures and words, but it’s not enough. 

We’ve decided to bring the practical use to the educational process and let the students work with 
devices and components of intruder alarm systems. They not just see whole intruder alarm system, 
they can take apart every piece of every component, install this system in different environments and 
initialize it. We let them to know true nature of system control panel, PIR and microwave motion 
detectors, magnetic contacts, power supplies, input and output components and so much more. They 
are working in groups at least of two persons so the given issue is easier to solve. It encourages them 
to the better results because they have to rely to each other. After they are elucidated with whole 
system the hard work begins. They need to prove their knowledge and skills in practical tests. Tests 
have two phases. First phase is initial setup under the sight of teacher. Teacher evaluates their ability 
to install whole system. Second phase is more individual. Students are left alone and perform tests of 
certain components. The most common are tests of breakthrough resistance or datasheet verification. 
It is completely up to them how tests will be performed. We want them to be creative and not focused 
only to the European standards (e.g. STN EN50131-1). After they complete all tests and collect data, 
the writing of seminar paper is their highest priority [1] [2] [3]. 

Evaluation has been modified too. In the past students obtained evaluation based on exam results. 
Now their evaluation composes from more than just one final exam. It has three parts: 

− ability to setup intruder alarm system, 
− seminar paper, 
− final exam. 

This approach to educational process is not beneficial only for students and their practical experience. 
Also, researchers gain from it. All obtained data, findings and results of student’s seminar papers 
created a base for formulating and submitting projects. These projects are aimed at the development 
of educational equipment for the improvement of the educational process.  

3 DEVELOPMENT OF THE TESTING DEVICES 
The first project is focused on the concept, development and assembly of testing device designed to 
test the specifications provided by manufacturer of the magnetic contacts and passive infrared motion 
detectors. Testing device for testing magnetic contacts has a great benefit in terms of school subjects, 
because students have the opportunity to test greater number of different magnetic contacts and in a 
shorter period. Another significant benefit is the possibility of cyclic testing of magnetic contacts and 
simulation of depreciation of reed relays, which are the core of magnetic contacts. Testing device for 
testing motion detectors is developed to replace the assistant when testing specifications provided by 
manufacturer and to test breakthrough resistance [4] [5] [6]. 

The second project is focused on the concept, development and assembly of a new generation of 
magnetic contact. This new generation of magnetic contact detects changes in the magnetic field of 
the permanent magnet using a Hall-effect sensor and a microprocessor unit. 
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3.1 Development of device for testing the magnetic contacts 
Development of device for testing the magnetic contact was initialized for a number of reasons. The 
magnetic contacts are sold in huge amounts and manual testing is time consuming. The main idea 
was to develop a device that can repeatedly test the magnetic contact from constant distance. 

The first version of the device was relatively simple. The construction was made of wood and it was 
based on a low-speed electric motor with mounted carrier for permanent magnet. As a carrier of the 
permanent magnet was used vinyl record. Attaching to the shaft was not very rigid and the permanent 
magnet was "floating". 

For more reliable testing was developed a second version (Fig. 1). It is directly inspired by the 
previous model with wooden construction. The low-speed electric motor was replaced by the high 
power servo. 

 
Figure 1. The 2nd version of device for testing magnetic contacts. 

The servo has been modified because it is not possible to rotate continuously by default. Some 
mechanical parts have been removed and some electronic parts have been replaced. We can change 
not only the speed of rotation, but also its direction. The carrier was also modified and it is much more 
stable now. The shaft in servo is mounted in ball bearing and the “floating” of the carrier was reduced 
to the lowest level. 

As we mentioned above, both versions have been intended to test the magnetic contacts from 
constant distance from the reed relay. In order to automate the testing process we have developed a 
third version (fig. 2). This new device has completely different type of construction. The rotary carrier 
from previous versions was replaced with universal platform suitable for every type of permanent 
magnet. The universal platform is moving on a straight line to the reed relay. The new version of 
testing device is able to measure distance when the permanent magnet approaches to the reed relay 
and also when it is removed from the reed relay which is the biggest improvement over its 
predecessors. 

Simple control electronics was replaced by a control unit that is based on the MCU. This control unit is 
capable to record data from exact number of repetitions. Gathered data is saved to the SD card. LCD 
is capable to display information about distance, number of ongoing and passed repetitions and 
optical LED system informs us about current state as follows: 

• white –  the device is ready to start testing process, 

• blue – platform with a permanent magnet is in motion, the device performs a set number of 
repeated measurements, 

• green – device stops for a few seconds, the display will show the distance of the permanent 
magnet when approached to the reed relay, 

• red – device stops for a few seconds, the display will show the distance of the permanent 
magnet when removed from the reed relay, 
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• flashing blue – the device has completed all set measurements. 

 
Figure 2. 3D model of testing device. 

The device can perform the movement with precision up to one tenth of a millimeter and delay of 
recording measured distance is less than one millisecond, so it can be considered as instantaneous. 
These properties are very important because measurement error is reduced almost to zero. 

3.2 Development of device for testing PIR detectors 
Main objective of developing test device for testing PIR motion detectors is replacement of the 
assistant when testing specifications provided by manufacturer and testing breakthrough resistance. 
This educational equipment will be possible to modify in several ways. Test device will take form of a 
motorized chassis and will be used for different kinds of tests. Development of the test device for 
testing PIR motion detectors was initialized not only for obtaining data, but also for the further 
development of this test equipment within the framework of the final thesis and further research. 

There are several possibilities how it will be controlled. First idea was designing motorized chassis that 
will use RC system. In general, RC system consist of transmitter, receiver and controller. Only one 
person can obtain data from whole test process by simple remote controlling of the motorized chassis. 
Second idea is even more ambitious. The motorized chassis will be controlled by autonomous system 
based on programmable microcontroller unit and structure of sensors. During test process, there won’t 
be needed any person. This test device can save precious time and lot of money. 

3.3 Development of the new generation of magnetic contact 
Taking into account the drawbacks of reed relay-based magnetic contacts, development of the new 
generation of magnetic contact has been initialized and it was called nju:MAG (Fig. 3). It would replace 
the reed relay in magnetic contacts with an integrated semiconductor circuit based on the Hall-Effect 
technology. Using a more advanced technology in designing a next-generation magnetic contact will 
provide exact setting of distance for opening/closing of the contacts. Values of distance can be 
changed in real-time thanks to the implementation of a microprocessor. Its memory can be 
programmed to hold the intensity value of the magnetic field stemming from the permanent magnet in 
the dynamic part of the security system. Once there is no magnetic field acting on the Hall-Effect 
Sensor, the alarm is sounded. Almost all magnetic contacts available on the market work based on 
this logic. Implementing a processor allows for the use of other functions which reed-relay-based 
magnetic contacts don’t and can’t have. The task of the microprocessor is not only to evaluate the 
alarm state based on losing the permanent magnet’s magnetic field. High performance of a 
microprocessor allows for monitoring even the slightest changes of intensity of the magnetic field and 
based on this data, it can correctly analyze what sort of intrusion is occurring – alarm or sabotage [7]. 
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Figure 3. nju:MAG magnetic contact motherboard 

The output from the Hall-Effect Sensor can be connected directly into the microprocessors input pin, 
which processes the analog signal and converts it into a digital one. In the nju:MAG magnetic contact, 
the Hall-Effect Sensor output is connected to the analog input of the microprocessor using a 
differential amplifier, which amplifies the output signal from the sensor, doubling it, and changes the 
range of the output voltage of the Hall-Effect Sensor [8] [9]. 

The nju:MAG magnetic detector is capable of detecting any sabotage attempt: 

− forcible removal from a wall, 
− forcible opening of the front cover, 
− detection of parasitic magnet 
− detection of partial opening of the door. 

4 CONCLUSIONS 
Article points to the possibility of linking educational process and research, engaging students into 
testing components of intruder alarm system and writing the seminar papers. Article also, points to the 
results of the collaboration of students and researchers and it explains not only the development of the 
new educational equipment but also importance of linkage between research and education which is 
very important for both sides – motivational for students and supportive for researchers. The results 
are already noticeable. Research projects based on seminar papers of students are very promising. 
Two education equipment in the form of test device for testing magnetic contact and the new 
generation of magnetic contact are already developed and designed. Third education equipment in the 
form of test device for testing is still being developed as it is more complex device. 

According to that successful beginning of collaboration between students and researches it will be 
beneficial to continue with even deeper linking educational process and research activities, i.e. 
incorporate the most reliable students and their final thesis directly into research projects. Research is 
very important part of activities at every university and highly motivated students would be valuable 
asset. They might become not just successful doctoral students but more important they might 
become prosperous and recognized researchers. 
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