
INTRODUCTION

Today, one of the most topical issues related to 
the quality and safety of life on Earth is the moni-
toring of air quality in terms of its pollution that is 
harmful to human health and life. Air pollution can 
lead to numerous diseases and increase the number 
of premature deaths. The main health threats related 
to air pollution include, inter alia, cancerous dis-
eases of the respiratory system and the bloodstream, 
which may lead to a shortening of life [1, 2].

Today, air quality monitoring is not an issue 
that is only a scientific cognitive analysis, but 
functions in the practical, everyday short- and 
long-term needs of societies. It is worth men-
tioning here that, among others, in Directive 
2008/50/EC of The European Parliament and 
of The Council of 21 May 2008 on ambient air 
quality and cleaner air for Europe [3], the Euro-
pean Union clearly expressed the need to moni-
tor air quality for substances that may threaten 
human and life and health.

In recent years, air quality monitoring tech-
nologies have undergone significant development, 
which is also indirectly related to the development 
of unmanned flying systems technology. It is worth 
noting that the aforementioned Directive of the 
European Union published in 2008 deals mainly 
with ground-based measuring stations, while the 
possibility of using unmanned systems for this 
purpose is considered only at a later date [4]. Cur-
rently, the use of unmanned aerial systems for 
local measurements of air quality and composi-
tion is already a common phenomenon [5÷7], 
used both in scientific applications and by pub-
lic administration, including, inter alia, to penal-
ise violations related to the emission of harmful 
substances by industrial entities and households.

The sources of air pollution include the prod-
ucts of combustion of wood and solid fuels, and 
- in particular - waste, the combustion of which 
causes emissions that have particularly danger-
ous consequences for health [8]. Therefore, apart 
from area-based air quality monitoring, it is also 
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important to monitor selected sites of exhaust 
fumes. The confirmation of this thesis can be 
found in the gradual, continually progressing de-
velopment of unmanned measurement systems, 
which were initially designed as fixed-wings air-
craft, and over time took the form of multi-rotor 
craft capable of making point measurements in 
selected places. It should be noted that this pos-
sibility was created by the parallel development 
of unmanned systems in this respect.

Limitations of the application of 
currently functioning solutions

Currently, the most popular system for mon-
itoring and analysing exhaust fumes from, for 
example, industrial or domestic chimneys is an 
unmanned aerial system equipped with sensors 
for real-time analysis or a sampling mechanism 
for later analysis, and a longitudinally extended 
probe for exhaust fumes (air), which reduces 
the need for the UAV to enter into the tested 
stream. An example of this type of construction 
is shown in Figure 1.

The fact that the solution presented above is 
used as the most common one is confirmed by a 
market review of unmanned aerial systems for 
air quality analysis. Apart from the DR1000 Fly-
ing Laboratory design shown in Figure 1, a sim-
ilar solution is available in, among others, the 
following constructions: DR2000 [10], United 
Systems SOWA [11], SoftBlue AirDrone [12], 
and Pelixar AAMS [13]. Among the proposals 
of unmanned aerial vehicles for air composition 
measurements available on the market, it is cur-
rently impossible to find any other type of solu-
tions, in particular - a solution that allows taking 
an air sample directly from an emission source. 

Samples taken by an unmanned aerial vehicle 
of the above type may come from the zone im-
mediately close to the emission source, but are 
not taken directly from the source, e.g. from the 
interior of the chimney. As a result, the conduct-
ed analysis is burdened with a potential error in 
the influx of air masses from the surroundings, 
which may interfere with the accuracy of the as-
sessment of the composition of the tested mix-
ture. Moreover, an attempt to insert a rigid probe 
into a chimney opening may entail the risk of 
disturbing the stabilisation of the UAV by con-
tact with the elements of the chimney, ultimately 
leading to permanent damage to the system.

The difficulties presented above were diag-
nosed based on the actual needs reported by pro-
ducers and users of unmanned air composition 
analysis systems. According to the information 
presented by them, in practical application it is 
important to be able to clearly define the origin 
of the analysed mixture. In the case of the solu-
tion presented above, the entities monitoring the 
composition of the emitted exhaust fumes en-
counter the questioning of the presented results of 
the analyses, the authors of which raise the pos-
sibility of the introduction of harmful substances 
along with ambient air currents.

METHODOLOGY

Research problem: the currently function-
ing technical solutions do not allow for the 
sampling of tested exhaust fumes directly from 
an emission source. Due to the above, in the 
face of modern research techniques, there is 
uncertainty about the actual origin of the mix-
ture being tested. The main technical limitation 
of the currently functioning constructions is the 
collection of exhaust fume samples through a 
longitudinal, rigid sampling probe, the inser-
tion of which into the interior of the chimney 
opening is not possible in a way that guarantees 
the safety and efficiency of the operation.

Hypothesis: the solution to the above prob-
lem can be achieved by taking a sample of 
the exhaust fumes directly from the emission 
source. The solution requires the development 
of technical improvements that will allow 
sampling directly from the emission source. A 
solution of this kind can be developed as an 
extension of the currently functioning exhaust 
fume sampling systems.

Fig. 1. Commonly used unmanned air or exhaust 
fume composition testing system, source: [9]
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Research methods: in order to develop a solu-
tion aimed at taking a sample directly from an emis-
sion source, considerations were made regarding 
possible solutions and the effectiveness of the se-
lected solution was checked using an experimental 
method under real conditions. SWOT analysis was 
adopted as the criterion for the preliminary assess-
ment of possible solutions, seeking the solution with 
the most favourable ratio of positive to negative fea-
tures. After selecting the solution, a demonstrator 
was developed and flight tests were performed to 
confirm its effectiveness in real conditions.

Considerations and evaluation 
of possible constructions

In the course of searching for a solution 
aimed at sampling the mixture in a chimney, the 

following solutions were considered: inserting an 
unmanned system into the chimney opening, re-
placing the rigid sampling probe with a manipula-
tor with a flexible hose, developing a fishing-rod 
inspired boom for inserting a flexible hose into 
a chimney opening, and developing a flexible el-
ement extending a rigid test probe, inserted into 
a chimney opening. The SWOT analysis of indi-
vidual solutions is presented in the tables below.

Detailed description of the chosen solution

After carrying out the above considerations, a 
decision was made to choose the concept of a so-
lution characterised by the most favourable ratio 
of positive features to negative features. It was de-
cided to develop a flexible element for extending 
the measuring probe used in conventional exhaust 

Table 1. SWOT analysis of the insertion of a UAV into a chimney
The insertion of a UAV into the chimney

Strengths Weaknesses
no need to design additional elements no possibility of insertion into the chimney in the vast majority 

of cases due to the dimensions of the UAV

Opportunities Threats

not found

risk of losing the UAV due to the possibility of collision with 
the chimney structure

inability to make a sufficient miniaturisation of the system in 
the light of currently available solutions

risk of failure due to contact with potentially dangerous 
exhaust fumes

Table 2. SWOT analysis of a manipulator with a flexible hose
Manipulator with flexible hose

Strengths Weaknesses

sampling from any chimney expected

complicated control procedure expected

significant number of control elements - servos

high degree of complexity of the structure

Opportunities Threats

the possibility of adapting the shape of the probe to the needs 
of a specific chimney structure

the risk of disturbing flight stability due to the contact of the 
rigid manipulator with the chimney structure

high risk of failure due to the large number of components

Table 3. SWOT analysis of a boom inspired by a fishing rod
Boom inspired by a fishing rod

Strengths Weaknesses
sampling from any chimney expected

high degree of complexity of the structurethe insertion of a flexible hose to the chimney reduces the 
risk of disturbing flight stability

Opportunities Threats

not found the hose cannot be disconnected in case of becoming 
jammed in the chimney
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fume composition testing systems. The solution is 
to place a flexible hose with a larger diameter on the 
probe, which moves along it, eventually to be driven 
by a mechanism sealed with lubricant. In order to 
make a preliminary assessment of the solution, the 
demonstrator presented in Figure 2 was developed. 
The Hexakopter X01 multi-rotor unmanned aerial 
vehicle system equipped with a conventional mea-
surement system for testing the composition of ex-
haust fume mixture was used as the carrier platform.

As can be seen in the above photograph, the 
developed solution is based on a traditional mea-
surement system with a rigid, longitudinally guided 
probe, and is a development of it. In the developed 
demonstrator, the assembly of a drive mechanism 
was abandoned, and the hose was fed out manually 
to confirm the usefulness of the solution.

The possibility of taking a sample of the mix-
ture from the interior of a chimney opening was 
ensured by extending an elastic element - a hose, 
which during the extension under the influence of 
its own weight obtains a shape that allows for in-
sertion. Depending on the shape of the opening, it 
is possible to differentially load the end of the flex-
ible hose in order to obtain the appropriate insertion 

profile. Adaptation to the size of the tested chimney 
can be done by selecting the length of the probe in-
directly affecting the length of the sampling hose. 
In the event of the probe becoming jammed in the 
chimney opening, it is possible to completely slide 
the rubber hose off the rigid probe to allow the UAV 
to free itself and return to the launch site.

Experiment - flight tests

In order to confirm the effectiveness of the 
proposed concept, it was decided to conduct flight 
tests in which the demonstrator presented above 
was used. The design of the probe with a flexible 
hose made it possible to collect a sample from the 
interior of various chimney openings. Figure 3 
shows the demonstrator during suspended static 
preliminary tests, while Figure 4 and Figure 5 
shows the demonstrator in flight during sampling 
from various types of chimney openings.

The tests were performed for various types of 
chimney openings commonly used in households. 
During all the tests performed, the mixture was 
sampled efficiently. Within the framework of the 
performed trials, no cases of ineffectiveness were 
found for the proposed solution.

Table 4. SWOT analysis of the flexible probe extension element
Flexible probe extension element

Strengths Weaknesses
sampling from any chimney expected

the need to develop a sealed mechanism guiding the flexible 
hosethe insertion of a flexible hose to the chimney reduces the 

risk of disturbing flight stability

Opportunities Threats
possibility of disconnecting the hose in case of becoming 
jammed in the chimney not found

Fig. 2. Demonstrator of the measuring probe for testing of emission source exhaust fume composition
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CONCLUSIONS

As part of the presented work, considerations 
were made on the possibility of collecting a sam-
ple of a gas mixture from the interior of chimney 
openings by unmanned aerial vehicles. Based on 
the considerations, the most promising concept 
was selected, which was developed in the form of 
a demonstrator with limited functionality, devoid 

of an automated drive mechanism. The conducted 
flight tests confirmed the effectiveness of the se-
lected concept by way of experimentation in real 
conditions in all the cases undertaken.

In the context of the considerations pre-
sented above, the proposed solution is charac-
terised by a number of advantages. First of all, 
the solution meets the fundamental requirement 
of making it possible to sample the gas mixture 

Figure 3. Demonstrator during a static test

Fig. 4. Demonstrator taking a sample from a chimney opening 1

Fig. 5. Demonstrator taking a sample from a chimney opening 2
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from the interior of chimney openings. In ad-
dition, the design also ensures relatively high 
safety of operations due to the fact that the con-
tact of the flexible hose with the elements of the 
chimney carries a relatively low risk of loss of 
the unmanned aerial vehicle’s flight stabilisa-
tion. The developed solution enables the dis-
connection of a part of the probe in the event 
of it becoming jammed in a chimney opening. 
Moreover, the proposed solution consists of a 
relatively small number of elements, without 
significantly affecting the weight of the system.

Due to the satisfactory results of the con-
ducted flight tests, a decision was made to carry 
out further work on the presented concept. It is 
planned to develop a sealed remotely controlled 
drive mechanism. After developing and check-
ing the operation of the drive mechanism, it is 
planned to conduct comparative tests to assess 
the impact of the sampling point (from the chim-
ney or from the surroundings) on the results of the 
analyses of exhaust fume composition.

REFERENCES

1. Lelieveld J., Evans J.S., Fnais M., Giannadaki D., 
Pozzer A. The contribution of outdoor air pollution 
sources to premature mortality on a global scale. 
DOI: 10.1038/nature15371.

2. Fiordelisi A., Piscitelli P., Trimarco B., Coscioni E., 
Iaccarino G., Sorriento D. The mechanisms of air 
pollution and particulate matter in cardiovascular 
diseases. Heart Failure Reviews. 2017;22(3):337–
347. DOI: 10.1007/s10741-017-9606-7.

3. Directive 2008/50/Ec of the European Parliament 
and of the Council Of 21 May 2008 On Ambient 
Air Quality And Cleaner Air For Europe.

4. Chwaleba A., Olejnik A., Rapacki T., Tuśnio N. 
Analysis of Capability of Air Pollution Monitoring 

From an Unmanned Aircraft. 2014;18:13–19. DOI: 
10.3846/16487788.2014.865936.

5. Villa T., Gonzalez F., Miljevic B., Ristovski 
Z.D., Morawska L. An overview of small un-
manned aerial vehicles for air quality measure-
ments: Present applications and future prospec-
tives. Sensors (Switzerland). 2016;16(7):1072. 
DOI: 10.3390/s16071072.

6. Wivou J., Udawatta L., Alshehhi A., Alzaabi E., 
Albeloshi A., Alfalasi S. Air quality monitoring for 
sustainable systems via drone based technology. 
Jul. 2016. DOI: 10.1109/ICIAFS.2016.7946542.

7. Adamski M., Urbaniak W., Dąbrowska A., 
Dąbrowski A. Testing of unmanned aerial ve-
hicles for monitoring pollution in the environ-
ment. ul. Umultowska. 89(1):60–965. DOI: 
10.15199/48.2018.09.03.

8. Krecl P., de Lima C.H., Dal Bosco T.C., Targino 
A.C., Hashimoto E.M., Oukawa G.Y. Open waste 
burning causes fast and sharp changes in particu-
late concentrations in peripheral neighborhoods. 
Science of the Total Environment.  Apr. 2021;765 
DOI: 10.1016/j.scitotenv.2020.142736.

9. “DR1000 Flying Laboratory. https://www.et.co.
uk/products/industrial-emissions-monitoring/
portable-industrial-monitoring-equipment/dr1000-
flying-laboratory (accessed May 29, 2021).

10. DR2000 Drone Based Environmental Monitor-
ing. Scentroid Solutions. https://scentroid.com/
products/analyzers/dr2000-flying-lab/ (accessed 
May 29, 2021).

11. Anti-smog drone, i.e. Air Analysis Observation and 
Support System. https://usm.net.pl/produkty/1-
system-obserwacji-i-wspomagania-analizy-powi-
etrza-sowa (accessed May 29, 2021).

12. Anti-smog drone for testing PM10 PM2.5 dust - 
Manufacturer SoftBlue. https://softblue.pl/produkty/
rozwiazania-iot/airdron/ (accessed May 29, 2021).

13. Unmanned systems – PELIXAR.” https://pelix-
ar.com/unmanned-systems/?lang=en (accessed 
May 29, 2021).


