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METHODOLOGY OF DISTANCE LERNING AND USAGE  

E-LERNING IN HIGHER EDUCATION  
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Abstract:  

Article is about distance learning - history, reasons to create, types and  current usages.  

Text contains a description about specificity of the methodology, that is used in a distance learning 

lessons. Text is also about implementation and usage of distance learning in higher education.  E-

learning usages are described in examples of existing e-platforms. Article is based on the latest 

scientific publications about distance learning and contains schemes and tables made by the writer  

Keywords: 

e-learning, distance learning, digital media 

Introduction  

The most important value for the knowledge society in which we live is information. 

Information has become the source and cause of social and cultural changes that we are witnessing 

today. [1] Informatisation of the world has made access to information unlimited and (as a 

consequence) made informations are widely available. Along with the progress (computerization of 

the world), there is the problem of transforming many and often chaotic information into useful 

knowledge. [2]   

 Contemporary educational methods and techniques are trying to meet the needs  

of the developing knowledge-based societies and keep up with new technologies.  

The development has caused ICTs are present in every activity of our lives - fortunately,  

this development donôt avoid education. Informatization of well-known forms of education  

has made it possible to improve them and allow at active participation of a mass audience  

at learning process despite many obstacles such as distance, costs and time. 

Genesis and history of distance learning 

Distance education is nothing new in history. Over the centuries, d-learning changed form, 

finally it take on form what we know now. [3] The media, through which information  

was tranmitted, changed along with the available technical means. Media evolved changing their 

form and destiny to become to one well known (us, modern) medium called the Internet. 

https://www.linguee.com/english-polish/translation/specificity.html
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Figure 1. Media used in remote education. 

Source: Own work based on source literature. 

M. TanaŜ believes that the history of remote education goes back 2,000 years ago,  

the beginnings of remote education are letters and instructive texts or text communicating 

knowledge. [4] According to other researchers, the history of distance education is much shorter 

and have only 300 years old. The substantiation for such a statement may be a systemic approach to 

issues related to education.   

 Human shared information in later periods of time with books and press.  

Because of invention of printing, the number of people who were able to read rised, as well as the 

popularity of readership and the general level of public knowledge.   

 Books are currently considered to be the oldest, the most durable, the most popular and 

accessible medium up to the present day. [5] Later, the first correspondence courses were conducted 

in the United States (1700) and Europe (1837). The courses consisted in sending materials for 

learning, exercises and tests between the students and the teachers delivered  

by post office. Mainly language courses and shorthand courses were offered. In Poland, the first 

correspondence courses were run by the Jagiellonian University (1776) and they were designed for 

craftsmen. The courses at a later time were very popular. A Flying University (1886)  

and Powszechne Kursy Uniwersyteckie were created in Warsaw.  

 The next breakthrough in distance education was the invention of radio-based communication. 

The effect of this invention was educational radio programs and educational television. Another 

breakthrough took place at the end of the 20th century. The Internet  

has connected all known media used for educational purposes and has made the world a global 

village in which information is transmitted at the speed of light. [7] 
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Figure. 2. Medium and perception of medial messages 

Source: Own work based on source literature. 

The main reason for the emergence of remote education may be desire to learn about  

the world, improve skills and clever use of available medias that transmitted information  

and means of communication.  

  Currently, as a result of combining the request for knowledge and ICT, we mostly  

use remote education in electronic form.   

 The term "e-learning" is a modern form of education, which includes various techniques and 

methods of learning. Itôs a synthesis of self-knowledge conquestion using available technical means 

with traditional methods. [8]  

 Participation in this kind of education means the teacher and his students face  

the necessity to develop new or improve useful skills. The multimedia form of content makes 

courses more attractive and thatôs why multimedia contents are often used in different environments. 

[9]  

 IT tools allow to enrich the learning process, they are a tool for improving and adapting the 

form of knowledge to personal and social needs. IT resources are particularly useful  

in adapting the learning process that meets the individual needs of the student. [10] 
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Figure. 3. Elements of e-learning 

Source: Own work based on source literature. 

Problems of distance education and learning with e-learning method 

The issues of distance education include in the connections between andragogy,  

the specificity of distance learning, methodology and problems related to the teaching  

of information technology. [11] Due to the target group to which e-learning is addressed, attention 

should be paid to the principles of working with an adult student. According  

to the rules proposed by Rutkowska, the person who lead the course should be able to use  

the potential of the students' experience, create the possibility of immediate application of acquired 

theoretical knowledge in practice, support critical thinking and guide students in such a way that 

they would take action and then analyze the effects and draw conclusions  

by themselves. [12]  

 E-learning makes the current activities of the teacher and student changed.  

The teacher demonstrates an increased ability to activate students, have and share knowledge, 

supporte students in achieving their goals. On the other hand, students show an increased level of 

self-control and motivation to learn.[13]  

 When considering the subject of e-learning, attention should be paid to the 3xJUST rules, 

which have source in corporate e-learning and concerns the purposefulness of learning E-learning is 

a form of teaching often used in various types of training. These trainings contain information that 

is teach "just in case". That knowledge is rarely fully used then.  A properly created e-learning 

course should be based on three pillars, which make the course content different, it positively 

affects the quality and effectiveness of teaching. [14] 
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Figure. 4.  Just x 3 

Source: M. Hyla ï Przewodnik po e-learningu  

E-learning, like any method and technique used in education, have advantages  

and disadvantages. In most sources, the authors present more advantages than disadvantages.  

M. TanaŜ to advantages include: increase in the effectiveness of education, engaging  

the emotional sphere, affecting many senses, multimedia, interactivity, simulation, communication 

susceptibility to editing, content virtualization. [15] The main disadvantage  

of e-learning courses is the lack of motivation and self-discipline in learning from the students. 

 

Tab. 1. Advantages and disadvantages of e-learning 

Advantages Disadvantages 

Any time and length of learning (synchronicity 

and asynchrony of learning) 
Required computer access 

Modularity of content Internet acess required 

Increasing the role of the student in the 

education process 

The ability to use a computer and other devices 

is required 

Engaging the emotional-volitional zone The costs of creating the course 

Increase in learning outcomes Limiting people-to-people contacts 

Cost reduction 
Possible technical problems with the students 

equipment  

Individualization of the educational process 
Possible lack of motivation and self-discipline 

of students 

Easy supervision of learning progress 

 

Possibility to make lessons for many students 

The effectiveness of training 

The ability to quickly edit the content of the 

course 

Source: Own work based on source literature. 

E-learning is included in the active forms of learning, which is promoted in the Lifelong 

Learning initiative. The aim of the program is to support education and learning and  improve the 

quality of lifelong learning. [16] Due to rapid changes, knowledge quickly becomes obsolete, so itôs 

valued practice to constantly check and update it. The latest information  

can usually be found on the Internet, so the idea of distance education and the idea of e-learning are 

part of Lifelong Learning. 

Due to the popularity of distance education, new professions have been created.  

To the new professions we can include educators of remote education and media educators. [17] 

Their tasks include creating courses, adhering to the rules of teaching in distance education and 

leading lessons on the platform. Didactics of remote education are often teachers who leads an on-

line course. They can be called mentors, tutors or trainers because they have  
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the knowledge and function of the moderator of the teaching process.  

 However, quoting the words of W. OkoŒ: Ădidactics is the science of education in self-

education, their goals, content and methods, means and organization" [18] it can be said that 

everyone is, in some sense, a didactic of their learning process, because of indywidual choice of 

means, methods and techniques of science.  

 In the opinion of B. Siemieniecki, it is a mistake to transfer general didactic principles to the 

field of remote education. The error is from the results about belief about the invariance and 

similarity of the world around us with the virtual world. [19] 

The application of distance education in higher education 

Distance education via the Internet is the most effective form of remote education. Internet 

resources are a copy of the intellectual achievements of humanity, and a contemporary teacher can 

use them all. [20] E-learning and b-learning courses are often used  

as a supplementary form of stationary classes at universities. Students comply the criteria of a 

model recipient of remote courses.   

 E-learning and blended learning has found a wide usage in Polish higher education.  

The remote way of education successfully took place at the Warsaw University of Technology, 

which enables participation in extramural engineering studies. The OKNO project is operating 

continuously since 2001. [21]   

 As a result of the activity of the University of Warsaw, Centrum Otwartej  

i Multimedialnej Edukacji (COME) was established. COME mission is to expand access  

to university education for all interested. COME provides online courses and conducts post-

graduate studies in the e-learning formula. [22]  

 In 2005, the Jagiellonian University created Centrum Nauczania Zdalnego They support the 

development of new teaching methods and forms as well as the promotion of academic  

e-learning. [23]   

 Another example of the use of e-learning in higher education is the Centrum e-learningu AGH  

Thanks to the Center's activity, students can use online textbooks to learn mathematics, physics and 

chemistry and a platform that provides teaching materials, forums and video materials. [24]  

 The e-learning platform of the Warsaw School of Economics is being systematically 

developed. The platform is intended for lecturers and students. Platform includes a virtual journal, 

discussion forum, tests, teaching materials and many other modern solutions.  

The platform has been adapted to the needs of the university and with its development, the quality 

of education increases. [25]  

 

Summary and conclusions 

I should admit M. TanaŜ, who in 1997 wrote: "The computer has already become  

an instrument of everyday professional work, entertainment, communication and science". [26] 

Computer-aided learning is a common standard that we are happy to use. E-learning courses allow 

for convenience, time saving and individualization of the learning process. It is worth noting that e-

learning, despite its many advantages, also has disadvantages such as limiting interpersonal contacts 

or lack of motivation among students. The use of e-learning courses  
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at universities allowed to eliminate these disadvantages and fully use the potential of distance 

learning. 
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EFFECT OF INDEPENDENCE FROM THE  SYNTHETIC 

DRUGS ON TACTILE DISCRIMINATION AND SURFACE 

FEELING IN THE UPPER LIMBS  

 

Anna Fyda*, Rafağ UciŒski, Dariusz G·rka, Michağ Trzňsicki 
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Abstract:   

Synthetic drugs  is a common name for various types of products containing psychoactive 

substances that are not on the list of prohibited substances, controlled by the law on counteracting 

drug addiction. The research group consisted of 15 addicts, using boosters for a minimum of one 

year. The control group consisted of 15 healthy people who never used drugs or other psychoactive 

substances. The addicted persons stayed in closed addiction treatment centers and did not consume 

any psychoactive substances for at least 4 months.  After analyzing the obtained results, 

statistically significant differences were found (p <0.05) in the feeling of people addicted to 

boosters in relation to healthy people. In addition, differences in the surface feeling between the 

dominant upper limb and the non-dominant side were observed. The use of synthetic drugs 

disturbs superficial feelings and sensory discrimination in the upper limbs. 

Keywords:  

synthetic drugs, discrimination, feeling, touch, upper limbs 

Introduction  

Synthetic drugs is a common name for various types of products containing psychoactive 

substances that are not on the list of prohibited measures, controlled by the law on counteracting 

drug addiction. Thanks to this, synthetic drugs are generally available narcotic substances and, for 

the most part, legal ones have become very popular in recent years. The respondents admit that they 

use drugs deliberately. It is mainly caused by a desire to break away from reality, to forget about 

everyday problems, to relax or just to have fun. In these studies, it was decided to check how 

prolonged use of drugs affects the nervous system, because there are not many studies confirming 

the influence of drug use on the central neuromuscular control system, which is caused by the 

difficult access to people addicted to these substances. Synthetic drugs is one of the most popular 

and relatively new pseudo-drugs on the market. They are substances characterized by a variety of 

chemical structures, but their common feature is that their task is to act on the nervous system in a 

manner similar to drugs considered illegal. They have both excitatory and hallucinogenic effects, 

but also similar to the popular cannabis. Unfortunately, substances advertised on the Internet as 
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legal highs are often fertilizers for plants, moisture absorbers, or other substances that act in a very 

toxic way on the human body and are unfit for consumption. 

The use of psychoactive substances can lead to many negative health consequences, some 

tragic consequences, such as cardiac arrest leading to death. In 2013, in Poland, 207 people lost 

their lives because of this (mortality per one million people was 7.6). In comparison, in the same 

year in the EU this coefficient reached the value of 17.3, the highest in Estonia - as many as 126.8, 

and the lowest in Romania - 2.2 [1].  

The aim of this work was to check the impact of using legal highs on discrimination sensory 

and superficial feeling in the upper limbs.  

Material and methods 

The research was carried out on a group of 30 people. The research group consisted of 15 

addicts, using synthetic drugs for a minimum of one year. The control group consisted of 15 healthy 

people who never used drugs or other psychoactive substances. The addicted persons stayed in 

closed MONAR addiction centers and did not consume any psychoactive substances for at least 4 

months. The average age of addicts (group D 28.4 years), and for healthy people (group Z 23.9). 

The mean addiction time was 9 years (MIN: 2. MAX: 18). The average abstinence time was 6.93 

months (MIN: 4, MAX: 18). 

Before the experiment, the procedure of measurements was explained in a way that was 

understandable for them, and they were asked to fill out a questionnaire, which allowed them to 

exclude people who did not meet the test requirements from the research group. To assess the sense 

of touch, the technomex WEST-HAND hand tester was used. 

The meter consisted of 5 monofilaments of various sizes. Monofilaments differed in relation to 

the applied force in grams and occurred in sizes: 0.07; 0.2; 2; 2/3 and 4. 

During the test, the subject was in a lying position, comfortable with eyes closed. The examiner 

applied a monofilament to the test finger, starting from the lowest basis weight, to the highest one. 

The subject's task was to report to the examiner as soon as he felt the pressure on the tip. The lowest 

result that the patient was able to sense was recorded. Then, a similar test was carried out on the 

remaining fingertips of the dominant and non-dominant upper limb, and the results for each limb 

were averaged. 

To assess sensory discrimination, a two-point discriminator was used that allowed the sensation 

of distance between two points to be examined. The tests were performed in the upper limb 

dominating and not dominating on the dorsal surface of hands and fingers. The two-point 

discriminator is a disk ending in pairs of double needles that are located at different distances from 

each other (From 1 to 25 mm). The study was conducted by two researchers, Researcher X and 

Researcher Y. Each of them performed three measurements for each of the fingertips.  

During the test, the subject was lying on the couch with his eyes closed. The task of the 

researcher was to apply the discriminator to the finger of the examined subject starting from the 

shortest distance, until the moment in which the subject said he felt two points. The lowest result 

that the patient was able to sense was recorded. Then, a similar test was carried out on the 

remaining fingertips of the dominant and non-dominant upper limb, and the results for each limb 

were averaged. 
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The obtained results allowed to calculate averages and statistical analysis. The statistical 

analysis was based on Microsoft Excel 2010 and the statistical statistical package Statistica 13.1. 

With the help of Statistica 13.1., analysis of basic descriptive statistics was performed, and 

statistical significance of the obtained results was calculated using the Student's t test. The level of 

statistical significance was set at p <0.05. 

Results  

Sensory examination of superficial 

Figure 1 presents a comparison of the results of superficial examination of the left upper 

surface of the dorsal hand and fingers with the WEST HAND innervation tester in addicts addicted 

to highs (group D) compared to healthy people who never consumed any psychoactive substances 

(group Z) . 

Markings in figure (1-5 in fact have their impact on results in grams, where 1 means the lowest 

value - 0.07, while 5 the highest value - 4. It should be remembered that the lower value means the 

perceptibility of a thinner monofilament, and therefore a better feeling. On the other hand, the 

higher value means feeling worse. 

 

 

Figure 1: Sensory examination of superficial left upper limb 

Source: own calculations 

The graph shows significant differences between the results for the group of addicts compared 

to healthy people. 

For the healthy group, the average score was 1.92, and the values achieved ranged from 1 to 3. 

In addicts, the average score was 2.87 and the results achieved fluctuated in ranges from 2 to 4. It 

follows that addicted people they were not able to sense the thinnest monofilament. 

Statistical analysis showed statistically significant correlations between the results of addicts 

and values for healthy people (p = 0.00001) 
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Figure 2 presents a comparison of the results of superficial examination of the right upper 

surface of the dorsal hand and fingers with the WEST HAND innervation tester in addicts addicted 

to highs (group D) compared to healthy people who never consumed any psychoactive substances 

(group Z) . 

 

Figure 2: Sensory examination of superficial right upper limb 

Source: own calculations 

For the healthy group, the average score was 1.87, and the values achieved ranged from 1 to 3. 

In addicts, the average score was 3.87 and the results achieved fluctuated in ranges from 3 to 5. 

From this it follows that addicted people they were not able to sense the thinnest or even second 

grammage of the monofilament. 

Statistical analysis showed statistically significant correlations between the results of addicts 

and values for healthy people (p = 0.000001) 

Table 1 shows the correlations between the results for the left upper limb compared to the right 

upper limb of addicts. 

Table 1. correlation between the results for the left upper limb compared to the right upper limb 

LIMB  AVERAGE  SD MIN  MAX  P 

RIGHT(parent)  

LEFT  

3,87 

2,87 

0,55 

0,64 

3 

2 

5 

4 

0,0002 

Source: own calculations 

 

The highest values were achieved by addicts in the right upper limb, which in 93% of 

respondents was the dominant limb. None of the subjects was in the state in the dominant limb to 

sense the first and second monofilaments. Statistical analysis showed statistically significant 

differences in the results between the dominant and non-dominant hand (p = 0.0002). 
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The average values for each of the fingers in the upper left limb of addicts are shown below in 

Figure 3. 

 
Figure 3: Mean values for each of the fingers in the upper left limb of addict 

Source: own calculations 

The highest value was shown by the finger 1, which is called the thumb. The smallest values, 

which are also a sign of the best feeling, were achieved by the second finger - the pointing finger. 

Diagram 4 shows the average values of each of the fingers in the right upper limb of addicts. 

 

Figure 4: Mean values for each of the fingers in the upper right limb of addict              

Source: own calculations 

 

In the right (dominant) limb the thumb was also the highest. The average values for the first 

finger were as much as 4.4, which shows that the majority of respondents were able to sense only 

the last monofilament in weight. The best feeling was shown by finger 3. 
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Discriminatory feeling 

Figure 5 presents a comparison of discriminative testing in the left upper limb on the dorsal 

hand and fingers using a two-point discriminator in people addicted to highs (group D) compared to 

healthy people who never used any psychoactive substances (group Z). 

 

Figure 5: discriminative feeling in the left upper limb  

Source: own calculations 

The graph shows significant differences between the results for the group of addicts compared 

to healthy people. For the healthy group, the average score was 2.33 mm, and the values achieved 

ranged from 2 to 4. In addicts, the average score was 4.26 and the results achieved varied from 3 to 

8 mm.            

Statistical analysis showed statistically significant correlations between the results of addicts 

and values for healthy people (p = 0.00000) 

Figure 6 presents a comparison of discriminative testing in the right upper limb on the dorsal 

hand and fingers using a two-point discriminator in people addicted to highs (group D) compared to 

healthy people who never used any psychoactive substances (group Z). 
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Figure 6: discriminative feeling in the right upper limb  

Source: own calculations 

The graph shows significant differences between the results of discriminatory feelings in the 

upper right limb in the group of addicts compared to healthy people. For the healthy group, the 

average score was 2.38mm, and the values achieved ranged from 2 to 4. In addicts, the average 

score was 4.24 and the results achieved varied from 3 to 6mm.   

Statistical analysis showed statistically significant correlations between the results of addicts 

and values for healthy people (p = 0.00000) 

Table 2 shows the correlations between discriminatory feelings for the left upper limb 

compared to the right upper limb of addicts. 

Table 2. correlations between discriminatory feelings for the left upper limb compared to the right upper limb  

LIMB  AVERAGE  SD MIN  MAX  P 

RIGHT(parent)  

LEFT  

4,24 

4,26 

0,59 

0,70 

3 

3 

6 

8 

0,1971 

Source: own calculations 

Statistical analysis did not show statistically significant differences in the results between the 

dominant and non-dominant hand (p = 0.1971). 

Below graph 7 shows the average discriminative sensation values for each of the fingers in the 

left upper limb in addicts. 
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Figure 7 : average discriminative sensation values for each of the fingers in the upper left limb of addicts 

Source: own calculation 

The highest values were shown by the finger 5, which is a sign of the worst feeling. The 

smallest values were achieved by the index finger. 

Below graph 8 shows the average discriminative sensation values for each of the fingers in the 

right upper limb in addicts. 

 
Figure 8 : Average discriminative sensation values for each of the fingers in the upper left limb of addicts 

Source: own calculation 

The highest values were shown by the finger 5, which is a sign of the worst feeling. The 

smallest values were achieved by the index finger. 

Conclusions 

After analyzing the obtained results, statistically significant differences were found (p <0.05) in 

the feeling of people addicted to legal highs in relation to healthy people. It can be concluded from 

the conducted studies that the use of legal highs disturbs the superficial sensation in both upper 

limbs to a significant degree. In addition, differences in the superficial feeling between the 
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dominant upper limb and the non-dominant side were observed. The research confirms the toxic 

influence of the afterburners on the nervous system. 

 Unfortunately, there are no studies on the influence of afterburners on sensory functions. 

Perhaps because drug addiction is a group that is difficult to access or because there are ñboostersò 

are relatively new substances and nobody has ever attempted to test this group of people.  

The results, from which we can deduce that the afterburns damage the nervous system, giving 

the symptoms of superficial sensory disorder and sensory discrimination disorders can be compared 

to disorders resulting from long-term alcohol consumption. Addiction of alcohol damages the 

peripheral nervous system causing alcohol polyneuropathy, which gives the symptoms of sensory 

disorders. Perhaps it is similar in the case of drugs, and the conducted research will be a precursor 

to further experiments on this group of people. 
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Abstract:   

This publication is a review, where Design Thinking methodology has been presented, which is 

the one of the tools supporting design based on the experience of users. 

In the first part of article, the issues related to the history of this methodology have been described. 

Furthermore, the rules, which based on Design Thinking and results of its using have been 

discussed. In turn, the second part of this work has been devoted to issues presenting real 

application of Design Thinking. It contains also information about the stages of Design Thinking, 

through which teams should go during the whole design process. 

Keywords:  

Design Thinking, DTworkspace., Innovation, User`s Experience 

Introduction  

The Silicon Valley is probably known to most people in the world. Stanford University is 

located there, so it can be called the cradle of innovation. Such companies as: Apple, HP, GE and 

many others, which are the driving force of the global economy, comes from Silicon Valley. In the 

1970s, David Kelley and other researchers at Stanford University began to work on understanding 

the process of creating products that became role models. They started from getting to know the 

products and behavior of environment, which uses this product. 

this product. 
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Figure 1. Stanford University. 

Source: https://pixabay.com/pl/stanford-university-california-1712774/ 

Through a deep analysis of the entire design process and time spent in the recipient's environment, 

they created Design Thinking methodology. After this discovery, David Kelley founded the IDEO 

design office, which is based on Design Thinking. The founder said that IDEO was born out of the 

sudden need to change the design thinking: client - the designer. It worked on principle that the 

company came with a ready product and required a nice package from the designer. Therefore 

Design Thinking methodology involves designers already in the phase of creating product concepts. 

Stanford University and the entire Silicon Valley is the first and largest Design Thinking center, and 

in 2004 the HPI School from Design Thinking in Berlin was also created [1]. 

But what is Design Thinking? 

DT is a systematic process, that aims to increase the innovation of companies, enterprises 

and institutions. Idea of Design Thinking is based on understanding the needs and problems of the 

recipients of our product or service. Through the three assumptions that we must follow during the 

creation of the project process, we achieve the goals, we have set. 

Assumptions of DT: 

V Concentration on the user ïin according to this assumption it is necessary to understand 

the conscious and unconscious needs of the target group. It will allow to get to know our 

recipients so that it will be easier to get information - what they really need. 

V Interdisciplinary team - a team consisting of experts from various fields gives the 

opportunity to deeper look at a given problem. It gives the opportunity to work out a 

solution which will result from the work of different people, making it innovative and also 

reaching more people. 

V Experimenting and frequent testing of hypotheses - building prototypes allows to test the 

functionality of the entire project so that a very valuable Feedback can be collected. By this 

approach, at the early stage of product creation errors in assumptions can be caught  

or functionality can be improved [2].  

By applying these assumptions, the solutions created are: 

V Human rule - design is a social activity, so all activities connected with should be focused 

on the needs and problems of other people. 
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V The rule of ambiguity - through this approach it is possible to go beyond some learned 

schemes, which affects the creation of new solutions. 

V The tangibility rule - creating a prototype will allow to check the full functionality of a 

given solution. Thanks to that, the solution will be able to be tested in the recipient's natural 

environment. 

V Bet on emotions - it is not always possible in our times to be the first in a given solution, 

but success is achieved by solutions, service, products that appeal to us emotionally. If we 

can create such a solution, it will certainly achieve a very big success [3].  

What's going on in DT? 

Created interdisciplinary team (consisting of engineers, sociologists, lawyers, etc.) 

implements step by step the process using tools and techniques that leads to the development of  

a solution ready for implementation. Thanks to going through all DT stages, it is possible to check 

the prototype in the environment of a given recipient, which makes it possible to change, delete and 

add certain functions. The creation of a prototype and testing it will give much faster and better 

commercial effects. Although at the beginning, it may seem that the time devoted to these two 

stages will be lost. This will save time and money. The main goal of the team is to generate a new 

solution that will be tested in its natural environment. However, if mistakes are made at the very 

beginning of the process, it will affect the failure and lead to the start of the process from the very 

beginning [4].  

Where can we use Design Thinking? 

In fact, Design Thinking can be used everywhere where we deal with people and problems that 

do not have a clearly defined solution or a rigid thought frames. Design Thinking can be used in a 

very wide range of fields. Examples of applications can be: 

V How to make oneôs stay in a given town more attractive? 

V What should the philharmonic repertoire addressed to young people? 

V How should the disabled people's environment look like? 

And many other simple, but also very difficult issues can be solved using Design Thinking 

methodology [3].  

Stages of Design Thinking 

Design Thinking is a systematic process, based on several stages. The first two stages are 

based on getting to know recipients and also understanding their needs or problems, which they deal 

with in everyday life. The other three stages are a kind of extension of the first, but they are based 

on creating solutions and testing them in the recipient's environment [5,6].  
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Figure 2. Design Thinking. 

Source: https://www.compucom.com/services/design-thinking 

Empathy - the first stage of the entire process, also called: for whom. This stage is the entry 

into the user's skin to understand the factors, which influence on the user during selecting products. 

Interviews and observations make it understand what is important to them and what their needs are. 

During empathy the user and his everyday life are the most important - we have to forget about our 

habits for a moment [5].  

Definition - a stage also named: after what. At this stage, all collected information should be 

synthesized. The second stage should help to answers to the questions what the user needs, what 

would help him in functioning etc. The most important thing is that the second stage ends with 

determining how the user we are able to help [7].  

Generating ideas - the most creative stage, also called: what. As the name says, 

brainstorming is most often used to pass this stage. Here, the most essential thing is to remember 

that the most important is the number of ideas - not their quality. In addition, it is worth saving all 

ideas, which gives the opportunity to reach for them at a later time [4].  

Prototyping - the fourth stage of Design Thinking, called: how. During this stage, a 

prototype, that reflects the functionality of the solution, should be created. It is important to use 

basic materials for prototyping,  in order to minimize costs [7].  

Testing - a stage that is often overlooked and is very important, also called: whether. Thanks 

to passing through testing it is possible to obtain very valuable feedback. This allows for continuous 

improvement of a given solution, but it is important to remember not to try to sell the solution but 

only to hear its opinion [5].  

Design Thinking gives the opportunity to create products, services or solutions that are based on 

getting to know the recipients. Thanks to this approach, it is possible to create a whole experience, 

therefore created solutions are a response to the observed needs or problems of users [7].  
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Abstract:   

Radial compressors are widely used in many branches of industry. Their failure can be a cause of 

serious financial losses. One of reasons that can lead to failure of compressor is the occurrence of 

the surge phenomenon. Therefore, the prevention against them is indispensable. A variety of anti-

surge systems were proposed. Due to high costs of experimental validation of their operation a 

proper simulation techniques had to be developed. This paper presents an overview of available 

simulation techniques that can be used for validation of these systems together with an example of 

a generic derivation of one of the models. 

Keywords:  

Anti-surge systems, radial compressors, mathematical modelling 

Introduction  

Radial compressors are widely used in many branches of industry. Very often they are the core 

element of the production line. Therefore, their failure can cause significant financial losses. Flow 

instabilities are a group of phenomena that may be a cause of a severe failure of machines of this 

type. Emmons et al. [1] was the first to identify the unstable phenomena in the centrifugal 

compressors. Two main unstable phenomena have been identified by him: surge and rotating stall. 

Surge refers to a global flow fluctuations in the axial direction while rotating stall is a phenomenon 

of the formation of vortex structures which are stationary in a certain rotating frame of reference [2]. 

Both of them are the phenomena of high complexity causing significant problems with their 

numerical simulations and experimental investigation. However, the danger of damage of the 

machine as well as range of applications result in many works on this topic. The prevention of 

formation of flow instabilities (with main focus on the surge phenomenon) in the compressor is a 

role of so-called anti-surge systems.  

Anti -surge systems  

Since the work of Emmons identifying the dangerous unstable phenomena was published, a 

wide spectrum of anti-surge system was developed. They can be divided into several groups basing 

on different criteria. Firstly, they can be divided with respect to their working environment [3], [4] 

into systems for prevention during start-up, normal operation, and shutdown of the machine. 

Secondly, the systems can be divided based on the application of compressors for which they 
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prevent the creation of unstable phenomena. This division is not presented in this paper for sake of 

readability but it can be found in [4]. The last division can be done with respect to the principle of 

operation. Here, the systems can be divided into prevention, passive and active systems [4].  

To explain the operation of the prevention system one needs to define so-called surge limit. In 

general, the surge phenomenon takes place when the mass flow rate through the machine is limited 

beyond certain value. This value is indicated by the surge limit, represented by the curve for 

variable rotational speeds of the machine. Unfortunately, due to the complexity of the phenomenon, 

there is a risk of unpredictable operation of the compressor in the vicinity of that limit without even 

crossing it, therefore an additional threshold is applied resulting in so called surge control line. The 

general idea behind the prevention systems is to prevent crossing the surge control line. This can be 

done for example by using a recycle valve that opens in case of surge danger to change the 

operation point of the compressor towards the stable operation regime. The valve opening is based 

on the measurements of certain parameters in the system. Instead of using the surge control line the 

prevention type can be based on early detection of surge symptoms. That approach is also based on 

the real-time measurements.  

The second group, passive systems, are not based on any real-time measurements. They are in 

principle all methods that work towards shifting the surge limit as far from the desired operation 

point as possible. Those are mainly compressorôs geometry modifications and optimizations. 

The third group are the active systems that allow the safe operation of the compressor even 

behind the surge limit. Namely, they change the flow parameters actively, basing on real-time 

measurements of machine operation parameters, such that the machine operates in stable way. They 

require fast-response controllers, actuators and valves that also allow to precisely control their 

position. Although anti-surge systems of this type are still being developed and their components 

are very expensive comparing to previous two types, this one is the most efficient because it does 

not cause a significant loss of efficiency (prevention systems) and is independent of change in 

operation conditions (passive systems). 

Finally, the anti-surge systems (prevention and active) can be divided with respect to the 

actuator. In most of the cases the role of actuator takes the recycle valve [4]. 

The mathematical modeling of anti-surge system is crucial due to complex calibration process 

of the system and high cost (and high danger level) of experimental tests. Therefore, usually most of 

developments and calibration process takes place in virtual space, only the final adjustments are 

validated by experiment. 

PDE-based modeling 

The most accurate models of operation of the compressing units as well as anti-surge systems 

are based on partial differential equations (PDE). Those models are usually based on the equations 

describing the dynamics of fluid flows. The most commonly used equations are Navier-Stokes and 

compressible Euler equations. They do and do not consider the viscosity of the fluid, respectively 

[5]. Proper choice of initial and boundary conditions as well as the geometrical domain 

representations are responsible for the modeling of the considered machine at the given operation 

point as well as of the operation of the anti-surge system.  
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The Finite Volume Method (FVM) and Finite Element Method (FEM) are two most commonly 

used methods for solving those equations. The main drawback of PDE-based modeling is an 

extremely high computational cost of solving the PDEs describing flow dynamics and lack of 

analytical solutions for them [5].  

However considering both geometrical and temporal behavior of the flow is indispensible for 

simulation of passive anti-surge systems. It is very highly recommended for final (in virtual space) 

adjustments of other types of anti-surge systems as well. 

Due to high computational costs there were not many approaches to PDE simulation of 

unstable flow phenomena in radial compressors. One of the approaches as well as the throughout 

description of the state of the art can be found in [6]. The PDE-based modeling of unstable 

phenomena prevention (rotating stall) was presented by Chen et al. in [7]. 

ODE-based modeling 

The other group of methods are the models based on Ordinary Differential Equations (ODE) 

considering only temporal evolution of the flow phenomena. The numerical solutions of those 

equations are relatively cheap in sense of computational costs. They can be solved for example with 

use of Euler methods. Due to their simplicity and neglecting the geometrical setup they tend to be 

significantly less accurate then PDE models. However, their accuracy can be high enough for the 

first cycle of anti-surge systems development. The most commonly used ODE-based surge 

phenomenon model was proposed by Greitzer in [8] and validated experimentally in [9]. This 

model is still the one the most commonly used. Table 1 presents the overview of other common 

mathematical surge models with indication whether they are based on the Greitzer model or not. 

The next two sections present the Greitzer model of the surge phenomenon as well as its 

modification incorporating the influence of the anti-surge system on the compressing unit.  

Table 1. Overview of mathematical surge models 

Author Year Based on Greitzer model 
Greitzer 

Hansen et al. 

Fink et al. 

Gradvdahl and Egeland 

Willems 

Meuleman 

Helvoirt 

Yoon et al. 

1976 

1981 

1992 

1997 

2000 

2002 

2007 

2011 

---- 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

Macdougal and Elder 

Elder and Gill 

Botros 

Badmus et al. 

1983 

1985 

1994 

1995 

no 

no 

no 

no 

Source: [6] 

 

Greitzer model of surge phenomenon 

Greitzer modeled the compressing system as three elements interacting with each other: 

compressor, plenum and throttle. Schematic compressing system according to Greitzer is presented 

in Fig. 1. Each element in the system is characterized by its geometrical dimensions such as length 
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 and cross-section area , in case of compressor and throttle, or volume  in case of plenum. 

Pressure  and mass flow rate  at each component are the variables in the model. Subscripts , , 

 denote compressor, plenum and throttle, respectively. 

  

 
 

Fig. 1. Compressing system according to Greitzer.  

Source: [6]. 

The model consists of four equations, out of which three are derived from mass and momentum 

conservation laws for each element of the compressing system and the fourth is a response-delay 

equation. The model after non-dimensionalization has the following form [10]:  

 

 

 

 

where  denotes dimensionless mass flow rate coefficient,  - dimensionless 

pressure rise coefficient,   - dimensionless time coefficient,  and  are 

the model parameters,  - the gas density,  - impeller tip speed,  - Helmholtz 

resonator frequency and - speed of sound. 

In case of centrifugal compressors it is a general practice to omit the last equation due to its 

vague meaning for this kind of machines. Omitting the second equation is another widely applied 

simplification. In most cases the length of throttle is negligible and therefore response time of this 

component is infinitesimal. After those simplifications the model reads [6]: 

 

 
This form directly incorporates the compressor curve and the throttle curve that are responsible 

for the dependency of mass flow rate on pressure ratio and vice versa. 
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Incorporation of anti -surge valve in the model 

The influence of the anti-surge valve on the system can be incorporated in the model by adding 

an additional outflow term in the second equation: 

 

 
The subscript t2 denotes the outflow through the anti-surge valve. The most important part from the 

point of view of anti-surge system development and modeling is the definition of the dependency of 

this outflow term on other parameters of the system, namely on the mass flow rate through 

compressor or the pressure in the plenum. Due to the technical problems with accurate dynamic 

measurements of the mass flow rate it is rather recommended to use the dependency on the pressure, 

namely: 

 

 
The definition of this dependency is a main obstacle in design and modeling of anti-surge systems. 

One commonly referenced form of this function was presented in [11] and validated in [12]  for the 

DP1.12 blower.  That approach assumes that the valve position is based on the optimal response to 

the Greitzer model parameters with taking into account the momentum of the valve. On the other 

hand, it is possible to consider here any other function that is reflecting the behavior of the analyzed 

anti-surge system. 

 

Conclusions 

Radial compressors are cores of many production lines in variety of industries. Their failure 

can stop the production and cause of serious financial losses. Surge phenomenon can be responsible 

for total failure of compressor. Therefore, a variety of anti-surge systems were developed. Due to 

high costs of experimental validation of their operation a proper simulation techniques had to be 

developed. This paper presented an overview of available simulation techniques that can be used 

development, tuning and validation of anti-surge systems. 
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Abstract:  

The aim of this work is the discussion of issues related to the monitoring of sulfur compounds in 

atmospheric air. I would like to characterize chemical compounds of sulfur, forms of its 

accumulation in the air, its circulation in nature and occurring chemical reactions. I will present its 

anthropogenic and natural sources and the influence of air pollution with sulfur compounds on the 

natural environment. Next, I will present methods, which can be used to identify gaseous 

pollutants in the air. The choice of these methods will be conditioned by their suitability for 

quantitative and qualitative determinations of sulfur compounds in the air. In this work will be a 

description of the equipment used for monitoring sulfur compounds.This description will include: 

construction, principle of operation and possibilities and conditions of use. 

Keywords:  

air pollutants, sulfur compounds, air monitoring, LIDAR 

Introduction  

Atmospheric air is very important for life on Earth. The most important life processes take 

place in the air, such as burning or oxidation [1].  

The average composition of atmospheric air to a height of 13 km above the surface of the Earth 

is considered constant and is as follows: 78% of nitrogen, 21% of oxygen, 0.9% of argon, 0.1% of 

carbon dioxide, neon, helium, methane, krypton, hydrogen and xenon, and also variable amounts (at 

ppm level) of dinitrogen oxide, ozone and sulfur dioxide. Atmospheric air also includes mineral or 

organic components (dust, microorganisms) and other components that are emitted to it. All 

substances in the solid, liquid or gaseous state, which are not natural components of the air, or their 

content is higher than the average content in the clean air, we refer to as impurities [1,2]. 

There are two sources of the air pollutants: natural and anthropogenic. The main natural 

contaminants include volcanic activity, forest fires, decomposition of living organisms. In general, 

these are gases (sulfur dioxide, hydrogen sulphide, ammonia, carbon dioxide, carbon monoxide, 

hydrocarbons), as well as dust coming from volcanoes and desert areas. On the other hand, 

pollution resulting from human activity comes mainly from transport, agricultural activity, fuel 

combustion, mining or landfill [3].  

The intensive economic development that raises people's living standards has a negative impact 

on the environment. The degradation of the natural environment and the growing awareness of the 

society about the role played by the environment in human life have contributed to the protection of 
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the environment with legal protection. This protection has found its place in international and 

community law as well as in the legal regulations of individual countries. The air, regarded as an 

element necessary for life of not only for human, but also for animals and plants, we must perceive 

as the good of nature, which as a result of further destruction will be exhausted. The effects of air 

pollution are definitely more dangerous than pollution of soils or waters, which is caused by the 

difficult to control possibility of air spreading [4]. 

The environmental protection must be based on real information about the state of pollution. In 

order to be able to take appropriate steps towards of air protection it must be monitored. We can 

define air purity as the sum of all pollutants. The measurement of gaseous air pollutants consists in 

their identification and the quantitative determination. These measurements are made using various 

specialized methods. To detect gas concentrations of air pollutants, local or remote sensing methods 

can be used. The collected information from these sensors is sent to the appropriate alarm centers. 

The analyzed informations allow to determine the level of danger. Environmental monitoring is 

therefore based on the detection, analysis, collection and sharing of data on contamination, 

environmental pollution and their impact on the natural environment [5,6]. 

Air pollution with sulfur compounds  

The geochemical cycle of sulfur (the circulation of this element in the environment) is 

important for life and the environment on Earth. Sulfur undergoes reductive-oxidative reactions. It 

also occurs in individual stages on many oxidation states. In organic compounds, sulfur occurs in 

the most reduced form. It usually existed as thiol groups in which the sulfur takes the oxidation state 

-2[1]. The geochemical cycle of sulfur is depicted in Figure 1 [7,8]. 

 

 
 

Figure 1. The global circulation of sulfur in the natural environment. 

Source: Sulfur cycle, http://mannyker.weebly.com/environmental-science/sulfur-cycles, 15.05.2018. 

The sulfur cycle in the last 100-150 years has become more dynamic. The reason for this 

phenomenon is human activity. Rapid industrial development, which brings with it increasing 

amounts of fuels burned, has become the main source of sulfur emitted into the atmosphere in the 

form of sulfur dioxide. An important issue is the increase in the oxidation state of sulfur as a result 

of human activity. The importance of this problem is quite high, because as it was mentioned above 

in biological processes, sulfur usually occurs in the reduced state [9]. 
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The sulfur compounds accumulated in the atmosphere undergo various chemical reactions. The 

most common product of these reactions is sulfuric acid. Its presence in the air is one of the causes 

of acid rain [2]. An acid rain affects the life of living organisms, acidifying water reservoirs and 

soils. Sulphate ions contribute to outflows from water and soils of calcium and magnesium ions. 

The consequences of this process are associated with an increase in the concentration of hydrogen 

and aluminum ions. High concentrations of these ions are responsible for destroying forests. Acid 

rain contributes to the acceleration of corrosion processes, destruction of clothing and buildings [10]. 

The sulfur in the atmospheric air also takes the form of sulfur dioxide and sulfur trioxide. These 

compounds have a negative impact on the environment. So, it is important to assess the state of air 

pollution with these oxides. Natural sources are responsible for the emissions of small amounts of 

sulfur dioxide. Most of the sulfur dioxide emitted into the atmosphere comes from anthropogenic 

sources. The most sulfur dioxide emitted to the atmosphere comes from the combustion of hard coal 

(56%), crude oil and petroleum products (24%) [5]. 

Sulfur compounds in atmospheric air can undergo the following chemical reactions [11]: 

a) oxidation of hydrogen sulphide to sulfur dioxide 

2222 2232 SOOHOSH +Ý+                                                  (1) 
b) oxidation of sulfur dioxide to sulfur trioxide 

322 22 SOOSO Ý+
                                                               

(2)
 

c) reaction of sulfur trioxide with water, which product is sulfuric acid 

4223 SOHOHSO Ý+
                                                            

(3)
 

d) reaction of sulfur dioxide with water, which product issulfurous acid 

3222 SOHOHSO Ý+
                                                            

(4)
 

e) oxidation of sulfurous acid to sulfuric acid 

42232 22 SOHOSOH Ý+
                                                          

(5) 

Methods of detection of sulfur compounds in the air 

Measurements of concentrations of substances in atmospheric air are used to determine the 

degree of contamination of the air. For this purpose, the determined concentrations of gaseous and 

particulate pollutants are compared with the limit values. This action allows you to take appropriate 

steps, if you find inadmissible values of these concentrations. 

Methods for monitoring pollutants in the air can be divided into two groups. The criterion for 

this division is the method of taking samples for analysis. The first group includes methods in 

which sampling takes place at the site of pollution. They are so-called local action methods ï óin 

situô. The second group of methods includes remote detection methods. In this group of methods, 

the identification and measurement of the concentration takes place within a few hundred meters or 

even kilometers. These include the so-called óstand-offô and óremoteô methods. The first group of 

methods is not characterized by good reliability and accuracy. These disadvantages were eliminated 

in remote methods. Choosing the right measuring technique allows monitoring atmospheric air over 

distances of several kilometers. Nowadays, optoelectronic methods emerge in this group of methods. 

The position they occupy results from a number of advantages, including measurement automation, 
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measurement reliability, measurement without the need to take a sample and the ability of different 

systems to cooperate in the detection, processing and transmission of measurement results. 

Methods for determining impurities contained in the air in the place where they occur (óin situô) 

can be divided into chemical, biochemical, physical and physicochemical. However, in the case of 

remote detection methods, we distinguish two groups of methods. Methods ï LIDAR (Light 

Detection and Ranging) and passive methods ï LOPAIR (Long Path Infrared) [12,13]. 

Remote methods for the detection of sulfur dioxide 

Methods of remote detection of atmospheric air pollutants are based on the interaction of 

electromagnetic radiation with matter. These methods are characterized by high detection, 

selectivity and speed of determination. They also allow you to identify the detected substance. The 

methods of probing the atmosphere with laser have gained great recognition [14]. 

In active methods LIDAR is used. Initially, they were used to measure basic parameters and 

meteorological phenomena. With the improvement of laser techniques and measurement principles, 

their use has been expanded. 

Commonly used LIDAR are: 

1. Scattering LIDAR - the principle of its operation consists in sending a strong laser pulse and 

then registering the return signal. This signal is the result of dispersion on aerosols or dust in the 

atmosphere of the primary beam. It is used to determine the composition of rain, clouds or fumes. 

Scattering LIDAR in its structure contains a transmitter and an optical receiver. The laser 

transmitter is characterized by a single wavelength. The signal receiver is composed of a telescope 

and a detector and a filter whose transmission spectrum is matched to the laser spectrum. The whole 

apparatus is controlled by a computer. The generated light impulse must be characterized by such a 

wavelength so that it is not absorbed by atmospheric gases. The beam is directed along the optical 

axis of the telescope. The laser signal is dissipated in the atmosphere. Part of this signal reaches the 

measuring system as so-called echo. The returning signal is focused by means of a telescope on a 

photodetector, in which it is changed to a digital form and analyzed by a computer [15]. 

The time required for the return of the scattered signal can be used to determine the position of 

the scattering object. It can be determined by using the following equation [15]: 

2

2 ct
d

c

d
t

Ö
==

                                                          
(6) 

where:  

 t ï echo delay [s]; 

d ï distance of the object [m]; 

c ï speed of light [m/s]. 

2. Raman LIDAR ïit is based on the phenomenon of displacement of the scattered radiation 

frequency on gas molecules. It allows identification and measurement of concentration of sulfur 

dioxide or hydrogen sulphide. Its construction is analogous to the construction of thescattering 

LIDAR. The receiver records only the signal for which the wavelength is shifted in relation to the 

wavelengths sent by the LIDAR laser. The great advantage of this type of LIDAR is the 

measurement of the absolute concentration of gaseous pollutants. This is possible by comparing the 

intensity of the Raman lines of the determined gaseous substances with the intensity of the nitrogen 
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or oxygen molecule lines, i.e. gases entering the atmosphere with constant and well-known 

concentrations [14]. 

 

 
 

 
 

 
 

Figure 2. Raman spectra of a: clean atmosphere, b: smoke, c: exhaust; excitation with 337 nm nitrogen laser. 

Source: http://www.fuw.edu.pl/~ajduk/wyklady/fmos.pdf, 11.05.2018. 

Raman spectra are shown in Figure 2. It should be noted that in each spectrum we observe 

bands for nitrogen and oxygen molecules, which are used to determine the concentration of 

pollutants [15]. 

 3. Differential absorption LIDAR (DIAL) is the most commonly used. The principle of its 

operation is based on scanning space with two beams. One of them is tuned to the absorption band 

of the test gas substance, and the length of the other is shifted in relation to the absorption band and 

is a reference beam that allows a quantitative concentration measurement. Figure 3 illustrates the 

idea of DIAL operation [12,14]. 
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Figure 3. Scheme of DIAL (1: scattering surface, 2: methane, 3: transceiver, 4: detector D1, 5: detector D2, 6: detector 

D3, 7: laser He-Ne, 8: laser He-Xe, 9: signal processing system).  

Source: A. Gietka, Z. Mierczyk, M. Muzal, Biuletyn WAT, (2006), Vol. 55, 21-55. 

The D1 detector picks up the scattered beam. Two signals appear at the output of the detection 

element. The difference in the amplitudes of these signals depends on the concentration of the gas 

being determined. Detectors D2 and D3 are designed to control the power of generated radiation. 

That is why some of the laser radiation is directed to these detectors with the use of light-reflecting 

plates. DIAL allows for the identification and measurement of the concentration of the test 

substance. The measurement of sulfur dioxide concentration is possible at the level of 1 ppm [12]. 

Remote detection methods for gaseous pollutants were dominated by LIDAR methods. The 

development of laser technology, which made it possible to increase the quality of measurements, 

contributed to this. Today, the remote detection of gaseous air pollutants is based on active methods 

[13]. 

óIn situô methods for the detection of sulfur dioxide 

The search for devices for the automatic detection of air gaseous pollutants results in the 

development of a new generation of instruments. These are sensor analyzers. These devices are 

based on a series of sensors that enable identification and measurement of the change in the 

concentration of a given substance in their environment. The response of sensor to the appearance 

of a substance or a change in its concentration in its environment may be chemical or physical. It 

also happens that a given sensor cannot be included in one of these groups. Basic sensor groups are: 

electrochemical, electrical, gravimetric, thermometric, magnetic, biochemical and optical [12]. 

Sensors are used to detect sulfur compounds [12,14]: 

1. Electrochemical ï the idea of their operation is based on the electrochemical reactions of the 

test substance. These changes occur in miniature vessels. During the reaction an analytical signal 

appears. The electrodes used in this group of sensors are suitably adapted to the detection of 

selected chemical substances. Inertial, chemically active and modified electrodes are used. Due to 

the electrochemical reaction, these sensors are divided into: potentiometric, voltammetric, 

coulometric and conductometric. 

2. Electric ï based on changes in electrical parameters of  solids(conductivity, potential, 

charge). These parameters change under the influence of chemical compounds from the gas phase 
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to the solid surface. In order for the sensor reaction to be possible it must first absorb the substance 

being measured on the active surface of the sensor. From this group of sensors for the detection of 

sulfur dioxide, semiconductor sensors based on metal oxides are used. 

3. Fotoacoustics ï which are classified as gravimetric sensors. The principle of their operation 

is based on the processing of changes in the mass of the detection system into an electrical signal. 

Piezoelectric materials are used here. The substance is determined by absorbing on the surface of 

the piezoelectric and causes its mass change. As a result, there is a change in the speed of 

propagation of acoustic waves on its surface. 

4. Optical - in these sensors, the appearance of a chemical substance changes the luminous flux. 

The detection element is a layer of an optically active chemical compound. This compound, under 

the influence of interaction with the tested substance, changes its optical properties. Depending on 

the cause of changes in luminous flux parameters, spectrophotometric, luminescent and optothermic 

sensors are used. 

The methods of gas detection in the air in the place of their occurrence include photoacoustic 

methods. These methods are based on the phenomenon of absorption of infrared radiation. The idea 

of this method is to measure gas pressure using very sensitive microphones and micrometers. 

Changes in gas pressure are caused by changes in its temperature caused by radiation absorption. 

The principle of operation of an example photoacoustic sensor is depicted in Figure 4 [13]. 

 

 

 

Figure 4. Scheme of a photoacoustic sensor (1: mirror, 2: IR lamp, 3:chopper , 4: optical filters, 5: optical window, 6: 

microphone 1, 7: microphone 2, 8: measuring chamber, 9: pump, 10: air filters, 11: gas line, 12: air inlet, 13: air outlet).  

Source: Z. Bielecki, J. Wojtas, M. Brudnowski, Biuletyn WAT, (2006), Vol. 55, 37-51. 

The photoacoustic sensor consists of an IR radiation source, a modulator, a carousel with 

interference optical filters, a measuring chamber and a gas dosing system. The principle of its 

operation is as follows: the IR beam is modulated by means of the mechanical modulator dial and is 

further directed to the filter. Each of the filters transmits radiation of a length suited to the detection 

of a given chemical compound. In the case of sulfur dioxide detection, a suitable filter must be 

selected. IR radiation falling on the measuring chamber is absorbed by the gas in it. This absorption 

is proportional to the concentration of this gas. The absorbed radiation causes cyclic changes in 

temperature, and thus the pressure of the gas being analyzed. The measuring chamber produces 

acoustic waves with intensities proportional to the concentration of the gas being tested. 

Microphones are used to record acoustic waves. The measurements based on the method can be 
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carried out over a wide concentration range from thousands of ppm to single ppm. Using 

semiconductor lasers even at ppb level [12]. 

For the detection of sulfur dioxide in the air, a method based on laser excited fluorescence can 

also be used. This method belongs to the emission methods. The general idea of this method 

assumes that excitation of the sample with optical radiation of a specific wavelength can induce a 

phenomenon of fluorescence. The electrons of the molecule are transferred from the ground state to 

a higher energy level. The return of the electron to the basic state may be accompanied by the 

phenomenon of fluorescence. In this way, one can obtain a spectrum characteristic for a given 

molecule [16]. 

The scheme showing the principle of operation of the fluorescent method of sulfur dioxide 

detection is presented in Figure 5 [12]. 

 

 
 

Figure 5. Scheme showing the principle of operation of the fluorescent method of sulfur dioxide detection.  

Source: A. Gietka, Z. Mierczyk, M. Muzal, Biuletyn WAT, (2006), Vol. 55, 21-55. 

This method requires the use of a coherent radiation source with a precisely defined narrow 

spectral line. The type of substance can be determined from the emission spectrum. The process 

taking place in this method can be represented by the following equation: 

             (7) 

The limit of detection for this method is several ppb. When using this method, knowledge of 

both the absorption spectrum and the emission spectrum of the test gas is required [12]. 

Conclusions 

The progressing degradation of the natural environment, and especially the deteriorating state 

of the atmospheric air, has become a stimulus to take steps to counteract these phenomena. 

Important air pollutants are undoubtedly sulfur compounds. In the atmosphere, they occur primarily 

as sulfur dioxide and sulfur trioxide. As a result of chemical reactions taking place in the air, they 

undergo reactions whose final product is sulfuric acid. They cause the occurrence of acid rains, not 

indifferent to the state of living organisms. Acid rains also accelerate the destruction of objects 

exposed to their effects. 


