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ABSTRACT: In this paper, we offer an overview of the published works dealing with fuzzy logic applied 
in drones, considering both theoretical works and applications in diverse areas, such as simulation, planning, 
and control of drones. The analysis was done considering all types of available publications, such as journal 
papers, chapters, and conference papers. The data were obtained by searching the Scopus database from 
Elsevier, which contains most of the world’s indexed publications across all areas of knowledge. Based on 
the obtained data, some conclusions were elaborated about the advances of fuzzy logic and its applications 
in drones, as well as interesting future trends for this area were delineated. In particular, as fuzzy logic has 
been evolving from type-1 to type-2 and more recently to type-3, the role of fuzzy systems in the area of 
drones is following the same evolution. We have to say this evolution has already happened in the area of 
controlling autonomous mobile robots, and we expect that this will also happen in the area of drones, as the 
navigation problem is similar to some extent. A limitation of the study is that we are only considering the 
evolution of fuzzy logic types, rather than other alternatives, such as intuitionistic or hesitant fuzzy theories, 
which could become more useful in the near future. Also, we are not studying hybrid approaches with fuzzy, 
like neuro-fuzzy or evolving fuzzy systems, which can be an interesting subject from the point of view of 
making a fuzzy system to become dynamic or adaptive. 
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1. Introduction 

Fuzzy logic, since its inception [1], has been successfully applied in a plethora of areas [2,3]. The main 
idea of fuzzy logic (FL) is to model linguistic uncertainty in human decision-making, and the original FL 
proposed by Zadeh is now called type-1, as it was the initial version of this idea. More recently, type-2 has 
been proposed and developed to offer a better model of uncertainty [4], and consequently, more complex 
problems were solved [5,6]. Still, more complex problems can be tackled with the most recent version of 
fuzzy theory, called type-3 fuzzy logic [7–9], which offers an even better model of uncertainty, and now 
some recent successful applications have been achieved with this approach, like the interesting recent works 
presented in [10–17]. 

The development of autonomous flight systems has grown very rapidly because of the increasing 
amount of applications of the unmanned aerial vehicle (UAV) in military fields, in civil fields, and many 
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others areas that are emerging [18]. In modern times, there is a wide variety of aircrafts used for UAVs, 
like fixed-wing airplanes, airships, and helicopters, among others [19]. Despite the advantages of 
quadcopters, like aircrafts, they are very unstable systems, and so any imbalance in their motion generates 
angular and linear accelerations, which can produce a collision if not compensated in a quickly fashion. 
Moreover, the quadcopter system is nonlinear, and the movements interact with each other, which further 
increases complexity. Proportional Integral Derivative (PID) controllers offer a simple, but at the same time 
an effective solution to stabilize the aircraft because they make it possible to treat every variable 
independently within a limited range in which the behavior of the quadcopter is approximately linear 
[20,21]. However, PID control has limitations in highly complex and uncertain situations, and here is when 
FL can offer a way to produce nonlinear fuzzy controllers that are able to handle these situations. On the 
other hand, drones have had many real applications, which makes it essential to have better control 
strategies that would render good solutions to related problems. In this sense, we can find that there are 
applications related to industry, as in [22,23]. Also, fuzzy logic can be used to design nonlinear controllers 
of drones, as in [24–27], where the authors of these works claim good results. Recently, the use of fuzzy 
logic in the area of UAVs has been increasing [28,29], and with the evolution of fuzzy logic (from type-1 
to type-2 and type-3), there have been more papers utilizing higher types of fuzzy systems in control, 
simulation, and navigation of drones. As a basis for this statement, we have to state that this evolution has 
already happened in the area of controlling autonomous mobile robots, with good results [30,31], and we 
expect that this will also happen in the area of drones, as the navigation problem is similar to some extent. 
As a consequence, the main contribution of this paper is summarizing and analyzing the existing works in 
the state of the art of this area, as well as offering future trends of research in FL for drones and UAVs. 
Regarding competing methods, like neural networks or PID, the advantages of FL are that it provides a 
directly interpretable approach to build controllers based on expert knowledge and does not require training 
data, which neural networks need. Also, the FL approach is nonlinear, which can outperform traditional 
linear control methods, such as PID. Of course, the main limitation of FL is the lack of learning, which 
rovide, but we can provide. 

The rest of the paper is organized as follows. Section 2 offers basic concepts of FL and drones, Section 
3 outlines a review of the state of the art in this area, Section 4 puts forward future trends of research in this 
area, and Section 5 offers the conclusions. 

2. Concepts of Fuzzy Logic and Drones 

In this section, basic theoretical concepts regarding FL and drones are presented. The idea is to briefly 
provide some basic terminology about the two main concepts involved in this review, but if the readers need 
more details about these concepts, then they could check the references mentioned in the following paragraphs. 

2.1. Basic Concepts of Fuzzy Logic 

Since the emergence of the Fuzzy Sets, proposed by Zadeh [1], this kind of set has evolved for handling 
more information, starting from vagueness to a high level of uncertainty. This section offers the differences 
among the different types of Fuzzy Sets (FSs). 

The definitions of Type-1, Type-2, and Type-3 Fuzzy Sets are formulated in a succinct way in 
Equations (1), (2), and (3), respectively. 

Aሺଵሻ ൌ  ൛൫𝑥, 𝜇୅ሺ𝑥ሻ൯ห∀𝑥 ∈  ሾ0, 1ሿൟ  (1)

Aሺଶሻ ൌ  ൛൫ሺ𝑥,𝑢ሻ, 𝜇஺෨ሺ𝑥,𝑢ሻ൯ห∀𝑢 ∈  𝐽௫ ⊆ ሾ0, 1ሿൟ  (2)
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Aሺଷሻ ൌ  ቄቀሺ𝑥,𝑢ሻ, 𝜇୅ሺయሻሺ𝑥,𝑢, 𝑧ଵሻቁቚ x ∈  X, u ∈  U ⊆ ሾ0, 1ሿ, zଵ ∈  Zଵ ⊆ ሾ0, 1ሿቅ (3)

As we can note, in the original type-1 fuzzy sets, only one membership function (MF) is used, but in 
type-2, there is a primary MF and a secondary MF [4], while type-3 introduces a tertiary MF [7]. 
Historically, this process has occurred in this way due to the need of being able to cope with higher levels 
of uncertainty. These approaches are called Generalized FSs, and, as can be seen, with the evolution of the 
FSs, the definitions become more complex, handling vagueness, uncertainty, and second-order uncertainty, 
respectively. From these definitions, the concepts of fuzzy systems and inference can be outlined and 
applied to real problems. 

2.2. Basic Definitions of Drones 

The drone includes the three main orientation angles: pitch, roll, and yaw. The model consists of three 
nonlinear differential equations, but for simplicity, a linearized version (assuming linearization assumptions, 
such as small-angle approximation and decoupled axes) is given as: 

𝜃ሷ ൌ
1
𝐼ఏ

 ൫𝑇ఏ െ  𝐷ఏሶ 𝜃ሶ൯ (4)

𝜙ሷ ൌ
1
𝐼థ
൫𝑇థ െ  𝐷థሶ 𝛷ሶ ൯ (5)

Ψሷ ൌ
1
𝐼ஏ
ሺ𝑇ஏ െ  𝐷ஏሶ Ψሶ ൯ (6)

where: 

 𝜃ሷ ,𝜙ሷ ,Ψሷ  represent the Pitch, Roll, and Yaw accelerations, respectively. 
 𝐼௾, 𝐼థ, 𝐼ஏ are the inertia moments around the axis. 
 𝑇௾,𝑇థ,𝑇ஏ are the applied torques. 
 𝐷ఏሶ ,𝐷థሶ ,𝐷ஏሶ  are the damping coefficients. 

We can utilize this model to simulate drone behavior and test proposed controllers. Then, actual 
physical drones could be used to verify experimentally the controllers. 

3. Fuzzy Logic and Drones 

This section offers a summary of the search results in Scopus when we use the query with keywords 
“Fuzzy Drones”, which produces 725 documents (up to 31 December 2025). The list of documents was 
verified to ensure that all documents were truly related to fuzzy and drones. In Scopus, the query can be 
directly typed with the words, which in this case are: fuzzy drones. The reason for using this query is that 
using other formats, like for example: fuzzy control drones, produces a lower number of documents because 
is more restricted. We did try several variations, and we did find that this query produced the best set of 
results. We are considering all types of documents in the search, and the range is from the beginning of 
Scopus to 31 December 2025. The idea was to obtain all the documents in Scopus that contained the use of 
fuzzy logic for drone applications, which is the topic of the journal. The reason for using the Scopus 
database for our study is that Scopus basically contains all documents of Web of Science and the IEEE 
Xplore systems, as well as others, so in this form, the study is more complete using Scopus. The number of 
publications has been steadily increasing, with 141 publications in 2025 compared to 130 in 2024 and only 
73 in 2023. Of this total, 45.7% are journal papers, 3% are chapters in edited books, 31.2% are papers in 
conference proceedings, and 0.1% are authored books. In Figure 1, we illustrate the number of publications 
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in FL for drone applications, which clearly shows a steady increase. We believe that this increasing trend is 
due to several factors, but mainly due to technological advancements and emerging research gaps arising with 
the development of science. Figure 2 shows the top authors (according to the number of publications) in this 
area, where Garratt and Santono are the top authors in this list. Figure 3 illustrates the distribution of 
documents by type of publication, where journal articles are most frequent. Figure 4 summarizes the 
publications of the top countries in this area, which shows that China, India, and the USA are the top three 
countries in this research area. Figure 5 illustrates the distribution of documents with respect to the application 
area, showing that engineering is the main application area with 28.6% of the total number of documents. 

As a brief discussion of the existing applications of drones and UAVs, when fuzzy logic is also 
involved, we can mention, for example, recent works on agricultural applications [29,32–35]. Also, we can 
mention the utilization of fuzzy logic in the control of drones and UAVs, like in [36–42]. In addition, there 
are some interesting works on the internet and network applications, as in [43–48]. On the other hand, 
examples of industrial applications, such as smart warehouses and logistics, can be found in [49–56]. 
Finally, other application areas, such as climate change crisis assessment, are described in the interesting 
works presented in [57–63]. 

 

Figure 1. Number of publications in fuzzy drones over the years from 2020 to 2025. 

 

Figure 2. Top authors according to publications in fuzzy drones from 2020 to 2025. 
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Figure 3. Distribution of documents by type of publication. 

 

Figure 4. Distribution of documents on fuzzy drones by country. 

 

Figure 5. Distribution of documents on fuzzy drones with respect to the application area. 

Regarding the scientific impact of the research work in this area, we can analyze the increase in 
citations over the years as one relevant factor. Figure 6 illustrates how the number of citations has been 
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steadily increasing over the years. In Table 1, we show the top six most cited papers in this area. The top 
cited paper is the one by Bai et al. [22] with 1157 citations, where an Industry 4.0 technologies assessment 
is presented. The second most cited paper is by Sah et al. [23] with 140 citations, where the barriers to 
implement drone logistics are analyzed. The third paper is by Zhang et al. [24], offers a fuzzy quantized 
control approach for quadrotors. We have to mention that although the first two papers are not directly 
related to control and navigation of drones, they contain the use of fuzzy logic in applications related to 
drones, and this is the reason why they were included in the analysis. 

 

Figure 6. Plot of citations in fuzzy drones from 2016 to 2025. 

Table 1. Top six most cited papers in fuzzy logic for the drone application area. 

Number Paper Authors Citations References 
1 Industry 4.0 technologies assessment: A sustainability perspective Bai C, et al. 1157 [22] 
2 Analysis of barriers to implement drone logistics Sah B, et al. 140 [23] 

3 
Compound Adaptive Fuzzy Quantized Control for Quadrotor and Its 

Experimental Verification 
Zhang X, et al. 110 [24] 

4 
Robust path tracking of a quadrotor using adaptive fuzzy terminal 

sliding mode control 
Nekoukar V, et al. 106 [25] 

5 
Picture fuzzy WASPAS method for selecting last-mile delivery mode: 

A case study of Belgrade 
Simić V, et al. 105 [26] 

6 
A novel statistical method for scene classification based on multi-object 

categorization 
Ahmed A, et al. 101 [27] 

Regarding the evolution of fuzzy logic, from type-1 to type-2 and type-3, we can say that the search in 
Scopus with the keywords “type-2 fuzzy drones” produces only 32 documents at the moment. The evolution 
of type-2 fuzzy logic applied to drones is depicted in Figure 7, which indicates an increasing trend (on 
average) over the years. On the other hand, if we search for type-3 applied in drones in Scopus, there is 
only one recent paper published at the moment, which deals with a proposed observer-based type-3 fuzzy 
control for gyroscopes [28]. In our opinion, there exists a window of opportunity in this area, as type-2 and 
type-3 have, in theory, the capability of handling higher levels of uncertainty, which are always present in 
drone navigation and control in real-world scenarios. We have to say that in a similar area (autonomous 
mobile robots), this has already happened, which is why we believe it would also be the case for drones. 
For this reason, we expect that more publications of type-2 and type-3 FL will continue to emerge in the 
future years, as problems in this area become more complex and higher precision levels become a more 
crucial factor. 

Now we can analyze, with a density map, the authors with the most cited papers from 2017 to 2025. In 
this case, we plot the results for the top 45 authors for better visualization. Figure 8 illustrates, with a density 
map of colors the most important clusters of most cited authors in the area of fuzzy logic applied in drones 
(up to 45). Figure 9 illustrates the same density map, but reducing the number of top authors up to 30. 

Density maps are visualization tools used to depict the concentration and intensity of research themes, 
keywords, or citations within a specific field of study. These maps transform complex bibliometric data 



Drones Auton. Veh. 2026, 3(3), 10015. doi:10.70322/dav.2026.10015 7 of 13 

 

into visual representations that highlight key research areas, emerging trends, and knowledge gaps. In this 
case, for Figures 8 and 9, we are able to visualize the larger research groups working in fuzzy logic for 
drone applications. We have to mention that some of the top authors (like Bai and Santoso) can be noticed 
in these figures, jointly with their coauthors. 

 

Figure 7. Number of documents published over the years on type-2 fuzzy logic applied in drones. 

 

Figure 8. Density map with the most cited authors (up to 45) in fuzzy drones. 
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Figure 9. Density map with the most cited authors (up to 30) in fuzzy drones. 

In both Figures 8 and 9, we can note the names of the important authors in each of the clusters. For 
example, in Figure 9, the most cited author of Table 1 (Bai, C.) is clearly visible, and also the coauthors are 
shown in the same cluster. 

4. Analysis and Future Trends: Fuzzy Logic Applied in the Drones Area 

This section offers an analysis of data from Scopus and also envisions possible future trends in the 
application of fuzzy logic in the modeling, simulation, and control of drones, as well as their applications. 
Based on the publications that have been made in this area, we can say that most of the fuzzy logic papers 
that have been applied in this area have been of type-1 (this is most basic form of fuzzy logic), followed by 
type-2 (with 32 papers at the moment), and for type-3, only one paper has been published to the moment. 
Similar to what has happened in other areas, the future trend will be that higher types of fuzzy logic would 
be considered in the short term for being able to handle the higher levels of uncertainty in control and 
navigation of drones during flight. The main reason for this fact is that uncertainty is always present in 
controlling the motion and behavior of drones in real-world scenarios. In addition, we have to mention that 
there exist other recent areas of fuzzy logic, like intuitionistic fuzzy logic, Pythagorean, or hesitant fuzzy 
systems, which have not been considered in this review. However, we could expect these areas to become 
important in the near future as alternative ways of handling uncertainty, and thus there is a research 
opportunity to explore them and their applicability to drones. 
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On the other hand, based on Figure 5, we can notice that most applications of drones have been in 
engineering problems, and we think this trend will continue in the future. Of course, other areas, like 
Environmental Sciences and Energies, will also become more relevant in the near future. In addition, a very 
crucial topic that we believe would have a lot of attention in the near future is the optimization of the fuzzy 
systems used in control or navigation of drones, and in this respect, metaheuristic will play a key role. 
Metaheuristics are optimization and search methods based on nature inspiration that are easily applied in 
parameter tuning. At this moment, the most frequently used metaheuristics applied to drones are: genetic 
algorithms (GAs), particle swarm optimization (PSO), and ant colony optimization (ACO), but other, more 
recent ones have also been applied. In this regard, the utilization of swarm intelligent algorithms, like PSO, 
could help us in enabling the control and navigation of swarms of drones, which could be useful in some 
application areas. 

Another important area is the utilization of neural networks (NNs) for drone applications, which is not 
the main focus of this paper, but there are also some papers in the state of the art that apply NNs in drone 
control or navigation. Also, in some cases, the use of NNs is in a hybrid form in combination with fuzzy 
logic. The main advantage of using NNs is that we can provide a learning capability to the fuzzy system, 
and then the fuzzy controller of the drone could be dynamically learning how to efficiently achieve tasks. 
In this regard, we believe that in the future there will also be combinations of NNs with type-2 and type-3 
fuzzy systems for control and navigation of drones, so in this way achieving learning and also handling 
high level uncertainty. 

Finally, we can mention the possibility of combining quantum computing with fuzzy inference systems, 
which has been considered recently, for realizing control and navigation of drones in real-world problems. 
At this moment, there are still limitations regarding processing times of quantum systems, but we envision 
that in the near future, there could be a technological advance that could enable the processing in real-time 
of quantum fuzzy systems that could enhance performance in real drone applications. At this moment, we 
are at the stage where we are able to control basic systems, like the inverted pendulum, but we expect this 
to evolve to more complex systems. Also, quantum metaheuristics could be used to optimize the parameters 
of fuzzy systems for drone control and navigation, potentially offering better results and performance in 
real-world problems. This statement is based on the fact that, in some optimization problems, quantum 
metaheuristics have been able to find solutions not reachable with classic metaheuristics, so it is possible 
that this could also happen in the drone area. 

5. Conclusions 

In this paper, we have outlined a review of the publications on FL in drone applications. Publications 
include papers in journals, proceedings, and edited books. The statistics of publications, authors, and 
institutions were presented, as well as the analysis of the data and future trends for the area of FL in drones 
were delineated. Based on the results and analysis, we believe that the type-2 and type-3 fuzzy areas are 
becoming very important topics in drone applications, and we expect that in the future more theoretical 
advances will occur, as well as new applications will be developed. In particular, this recent trend is justified 
by the need to handle higher degrees of uncertainty in the navigation and control of drones. A limitation of 
this study has been that other recent areas of fuzzy logic, like intuitionistic fuzzy logic, Pythagorean or 
hesitant fuzzy systems have not been considered in this review, but we could expect that these areas could 
also become important in the near future as alternative ways of handling uncertainty. Also, we are not 
studying hybrid approaches with fuzzy, like neuro-fuzzy or evolving fuzzy systems, which can be an 
interesting subject from the point of view of making a fuzzy system to become dynamic or adaptive. Also, 
there has been recent work on optimizing the fuzzy systems in drone applications with metaheuristics, 
similar to other applications, like the ones in [64,65], that we expect to be very relevant in the future, as 
fuzzy systems need to be optimally designed for achieving the best results in real-world applications. In 
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addition, a particular type of metaheuristics, called swarm intelligent algorithms (such as PSO), could be 
used as inspiration to achieve collective behavior in swarms of drones, and this is also a very interesting 
and promissory area of research that is worthy of some future work. Finally, the utilization of quantum 
metaheuristics [66] in optimizing fuzzy drone control and navigation would be another possible line of 
future research that could render fruitful results in this application area, although at the moment, quantum 
computing is still at the beginning stages and would have to be used only in an offline mode (optimizing 
the design before using the fuzzy system). In any case, in the future with the advances in technology, we 
believe that it will be possible to also use it in an online fashion, so that the fuzzy systems could be 
dynamically evolving in real-time. 
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