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Abstract—Unmanned aerial vehicles (UAVs) have 

gained a lot of attention from researchers due to their 

hovering and vertical take-off and landing. Different 

techniques and methods are being employed to imple-

ment UAVs. The QNET 2.0 VTOL board, specially de-

signed for NI ELVIS II, is an important platform in the 

field of unmanned aerial vehicles (UAV). It is a helpful 

tool to demonstrate the essentials of vertical take-off and 

landing flight control (VTOL) at educational institutes. 

The PID controller installed in QNET 2.0 VTOL board is 

manually tuned is usually done by a skilled operator. This 

process of tuning is time-consuming and requires an ex-

pert’s knowledge. Although PID control of various sys-

tems has been reported in the literature, its use is limited 

in nonlinear systems. For nonlinear systems. Fuzzy logic 

is suitable due to its nonlinearity capability. The purpose 

of this research is to study the dynamics of the QNET 2.0 

VTOL model, simulate the flight control model in Lab-

VIEW and to design an auto-tuned PID controller using 

Fuzzy logic for QNET 2.0 VTOL model in LabVIEW 

environment. This study shows that Fuzzy based auto-

tuned PID controller controls the pitch angle of the 

QNET 2.0 VTOL model and gives promising results as 

compared to the existing PID controller in terms of auto-

tuning in real-time and stability of the system.  

 

Index Terms—Vertical take-off and landing (VTOL), 

QNET 2.0 VTOL, Pitch angle, Fuzzy based PID control-

ler, Rule base, fuzzy algorithm.   

 

I.  INTRODUCTION 

A rapid increase can be seen in the study of unmanned 

aerial vehicles’ modeling and control. The use of UAVs 

is growing rapidly across many application domains in-

cluding search rescue and security, providing wireless 

coverage, real-time monitoring, remote sensing, and sur-

veillance [1]. This leads to the necessity of teaching the 

development of UAVs at educational institutes.  

 

The QNET 2.0 VTOL board Fig.1 (a) is a trainer (a 

prototype model of the drone) developed by Quanser 

which introduces vertical take-off and landing (VTOL) 

[2]. The QNET 2.0 VTOL board is specially designed for 

NI ELVIS II Fig.1 (b) and can be programmed in the 

LabVIEW environment. 

 

 

Fig.1 (a). QNET 2.0 VTOL board 

 

Fig.1 (b). QNET 2.0 VTOL board interfaced with NI ELVIS II 

The built-in flight control model is simulated in Lab-

VIEW and gains of the PID controller are adjusted manu-

ally to control the pitch angle of the QNET 2.0 VTOL 
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board. The PID controller installed is manually tuned by 

adjusting the gains. This type of tuning requires an ex-

pert’s knowledge to perfectly tune the PID controller and 

requires a lot of time. The major problem occurs if the 

parameters change abruptly, then the system gets unstable. 

The PID controller is mainly used for linear systems 

whereas the VTOL is a nonlinear system. To overcome 

these issues an auto-tuned Fuzzy based PID controller is 

presented. 

With the help of a comparative study of different con-

trollers used to implement UAVs, it is suggested that 

fuzzy logic control proves to provide better results in 

comparison to other controllers [3, 4, 5, 6, 7, 8, 9, 10, 11]. 

A new auto-tuning method using Fuzzy logic is intro-

duced for tuning of the PID controller on the QNET 2.0 

VOL board in LabVIEW. An intelligent algorithm using 

Fuzzy logic is built, which is capable of auto-tuning the 

PID controller by using its gain parameters. This tuning 

method not only will control the pitch angle of the system 

efficiently but will also reduce the effort of manual tuning 

as it offers auto-tuning of the controller gain. 

The proposed research’s main purpose is to control the 

pitch angle of QNET 2.0 VTOL. This research addresses 

the stabilization of the pitch angle of QNET 2.0 VTOL 

using a fuzzy-based tuning PID method. The main focus-

es of research include the study of QNET 2.0 VTOL 

model, design and implementation of fuzzy-based auto-

tuned control logic to adjust intelligently the gain values 

i.e. 𝐾𝑝 , 𝐾𝑖  and 𝐾𝑑  for a stable pitch angle and finally, 

validate the results using fuzzy control and existing PID 

control. 

The paper is arranged in the following sequence: the 

literature review is presented in section II. In section III 

methodology, the system is studied thoroughly and gain 

parameters,  at which the system gets stable pitch angle 

are found. The system’s transfer function proves to help 

find out the gain parameters. Once the gain parameters 

are found then a fuzzy logic block is introduced in the 

system which takes in error and it's derivative as inputs 

and the gain parameters as outputs, which then are given 

to the PID controller. Based on these gain parameter val-

ues set of fuzzy rules are developed. Seven membership 

functions are chosen for all the inputs and outputs and 

their width is decided based on error and trial experience. 

Fuzzy blocks are built using these fuzzy rules. The fuzzy 

blocks replace the position control parameters block and 

introduce the auto-tuning of the controller gains. In sec-

tion IV and V, the results are validated with the help of 

the system identification toolbox in MATLAB, which 

regenerates the response of the system. 

 

II.  LITERATURE REVIEW 

In paper [4] work on the tuning of Quadrotor for atti-

tude control utilizing the double-loop PID controller is 

proposed. The fictitious reference iterative tuning (FRIT) 

is used to tune the quadrotor. This tuning method for the 

quadrotor provides a systematic and fast way for finding 

the optimal gains of the quadrotor. Using one-shot exper-

imental input-output data of every loop, the optimal gains 

help to get the attitude response of the quadrotor to repli-

cate a reference response as much as possible. The pro-

posed algorithm was validated with the help of experi-

mentation and demonstrated significant performance im-

provement. Work was carried out in MATLAB environ-

ment on fuzzy logic control for UAV quadcopter. 

In paper [5] authors presented an intelligent fuzzy-

based flight control for an autonomous quadrotor UAV. 

The modeling and control of Quadrotor UAV were taken 

into account in this research. With the help of 

MATLAB’s fuzzy logic toolbox, an intelligent fuzzy 

flight controller was built. They compared the response of 

Fuzzy control against classical PID control in a 

MATLAB based environment, where fuzzy control 

showed better performance than classical PID.  

In the study [6] authors designed an intelligent fuzzy 

system for an F-14 aero plane’s longitudinal control. A 

fuzzy controller was designed to maintain the aircraft’s 

stable horizontal flight by controlling only the elevation 

movements. The proposed controller was tested under 

noisy conditions and compared the results of the Fuzzy 

system against the PID controller in a simulation-based 

environment.  A better result was obtained with the use of 

genetic algorithm optimization with a triangular member-

ship function.  

The paper [9] is presented for controlling the altitude 

dynamics of the Aerosonde UAV, an adaptive PID flight 

controller based on the parameter optimization fuzzy in-

ference was designed. The online fuzzy inference is uti-

lized as a self-adaptive mechanism to tune the PID pa-

rameters. The results of the adaptive PID flight controller 

showed improvement as compared to the fuzzy-based 

controller and genetically tuned PID controller.  

In work-study [10] authors presented an autonomous 

path tracking and disturbance force rejection of UAV by 

introducing a fuzzy-based auto-tuned PID controller. A 

conventional PID controller and a fuzzy logic-based auto-

tuning PID controller were compared and applied on the 

simulation-based model of a quadrotor mechanism with 

no sinusoidal force, disturbance force and payload varia-

tion in the system.  

In the study [11] authors proposed research work on 

PID controllers’ performance optimization by utilizing 

fuzzy logic. The authors presented a tuning method for 

gain parameters of PID controller using fuzzy logic and 

carried out work on a simulation-based model. The PID 

Controller is first tuned with the Ziegler Nichols tuning 

method, then using Relay auto-tuning and finally using 

fuzzy logic. When fuzzy logic tuning is used, the output 

response drastically improves.  

From the literature review, it can be observed that most 

of the work has been done in a simulation environment 

using a conventional PID and Fuzzy controller. The re-

cent study shows that the fuzzy-based PID controller 

gives satisfactory results when collated with a conven-

tional PID controller. Most of the literature review ad-

dressed the fuzzy-based PID tuning method for height 

and orientation control whereas this research proposes a 

fuzzy-based PID tuning method for pitch angle stabiliza-

tion in a real-time environment. 
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III.  METHODOLOGY 

The block diagram of the Proposed Fuzzy Logic-based 

PID Auto-tuning method of QNET 2.0 VTOL is shown in 

Fig. 2. The system is a closed-loop system. And it can be 

seen that a fuzzy logic block is introduced in the system. 

The fuzzy logic block in an intelligent algorithm, which 

takes in error and it's derivative as two inputs and pro-

vides the tuned gain values i.e. Kp, Ki and Kd to the PID 

controller. The PID controller takes in the tuned gain val-

ues as inputs and acts accordingly. The new Fuzzy based 

PID control can be implemented in LabVIEW to improve 

the performance of the QNET 2.0 VTOL board.  

Therefore, the research focuses on the approach of us-

ing Fuzzy logic to auto-tune the PID controller to get 

better results. 

 

 

Fig.2. Proposed Fuzzy Logic Based PID Auto-tuning  

method of QNET 2.0 VTOL 

With the help of a literature review [2, 13, 14, 15, 16, 

17, 18] the proposed research methodology is carried out 

by the following steps.  

 

Step 1: Study existing PID control QNET 2.0 VTOL 

board in the LabVIEW environment and find out the gain 

values. 

Step 2: Simulate the flight control model.  

Step 3: Design an intelligent algorithm to auto-tune the 

PID gains using Fuzzy logic.  

Step 4: To implement the proposed algorithm on 

QNET 2.0 VTOL board.  

Step 5: PID controller V/S Fuzzy based auto-tuned PID 

Controller.   

 

The research focuses on first finding the gain parame-

ters where the system gets stable using its transfer func-

tion. The gain values and error are then used to develop a 

fuzzy rule base for Kp, Ki and Kd using the Fuzzy system 

designer tool in the Lab VIEW environment. The fuzzy 

system is designed, implemented, and the simulations are 

also taken in the LabVIEW environment. The fuzzy-

based auto-tuned PID control’s results are compared with 

the existing PID controller.  

A.  Calculating The Gain Parameters  

The gain parameters i.e. Kp, Ki, and Kd where the sys-

tem becomes stable are calculated with the help of the 

transfer function of QNET VTOL. The closed-loop trans-

fer function of the system, from the position of reference 

r to the angular VTOL position output θ is [2]:  
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The prototype third-order characteristic polynomial 
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With the help of eq. 1 and eq. 2, we can find values of 

the system gains i.e. Kp, Ki, and Kd.  
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Using the above equations Kp, Ki and Kd are found i.e. 

Kp= 0.0747, Ki=0.3588 and Kd=0.1409 (set 1). With a 

common understanding, it can be concluded that to de-

crease overshoot increase Kd, for better tracking increase 

Ki and for faster response increase Kp.  

Based on error and trial experience, the values for Kp, 

Ki, and Kd are taken as Kp= 0.1, Ki=0.4 and Kd=0.2 (set). 

The difference between the responses of two sets of val-

ues for Kp, Ki, and Kd are shown in Fig.3 (a) and Fig.3 

(b).  

The responses are taken in the LabVIEW environment, 

as it is used to interface the QNET 2.0 VTOL hardware. 

It can be seen that the obtained set1 of gain values can 

control the pitch angle of the system but set2 of values is 

utilized the system response gets smoother and better as 

compared to the set 1’s response. Thus set 2 is used to 

further develop the fuzzy rule base. 
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Fig.3 (a). Kp= 0.0747, Ki=0.3588 and Kd=0.1409 

 

Fig.3 (b). Kp= 0.1, Ki=0.4 and Kd=0.2 

B.  Building The Fuzzy Logic Rule Base 

To build the fuzzy logic rule base, error (e) and error’s 

derivative (ed) are taken as inputs of the fuzzy controller 

whereas Kp, Ki, and Kd are the fuzzy controller’s outputs. 

Based on different values of inputs and outputs, seven 

membership functions for every input and output are cho-

sen. The membership functions and their respective sym-

bols can be seen in Table 1.  

Table 1. Membership functions and their symbols 

Input Output 

Membership  

function 
Symbol 

Membership  

function 
Symbol 

Negative big NB Very very big VVB 

Negative medium NM Very big VB 

Negative small NS Big B 

Zero Z Medium M 

Positive small PS Small S 

Positive medium PM Very small VS 

Positive big PB Very very small VVS 

 

All the membership functions are chosen of triangular 

type and are identical, but the width of fuzzy sets is dif-

ferent for all the inputs and outputs.  

The width of fuzzy sets is determined by error and trial 

experience and is chosen as: 

 

• e =[-0.4 0.4 ] 

• ed =[ -4 4 ] 

• Kp=[ -0.0012 0.2012 ] 

• Ki=[ 0.194 0.5236 ] 

• Kd=[ -0.0955 0.3773 ] 

 

 

A set of forty-nine rules is developed for individual 

gain value by using seven membership functions of error 

and seven membership functions of error’s derivative. 

These rules are designed based on the width of fuzzy sets 

and their behavior with the system. 

Fuzzy rules for Kp, Ki are shown in Table 2, and for 

Kd are shown in Table 3.    

Table 2. Rule base for Kp and Ki 

 

Table 3. Rule base for Kd. 

 
 

The rule bases are built with the help of the Fuzzy sys-

tem designer tool in LabVIEW. This tool helps to design 

fuzzy systems. There are three sections of the Fuzzy sys-

tem designer tool i.e. Variables, Rules, and Test system. 

After defining the input and output variables and the 

width of the membership functions in the “variable” sec-

tion of the fuzzy system designer Fig. 4, the rules are then 

defined in the “Rules” section. The rules define the fuzzy 

systems’ behavior. The system can also be tested based 

on given input values.  

After the rule base for Kp, Ki and Kd are built with 

Fuzzy system designers. The fuzzy system is saved in 

the .fs file format. “The FL Load Fuzzy system VI” Fig. 5 

and “FL Fuzzy controller VI” Fig. 6, are used to load 

the .fs file and use it further.    

The .fs file is loaded with the FL Load Fuzzy system 

VI. The .fs file can be fetched by providing the path of 

the file as input to the FL Load Fuzzy system VI. The 

“fuzzy system out” output of the FL Load Fuzzy system 

VI is connected to the “fuzzy system in” input of the FL 

Fuzzy controller (MISO) VI, which then provides the 

input to PID controller. These VI connections can be seen 

in Fig. 7.  
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Fig.4. Fuzzy System Designer 

 

Fig.5. FL Load Fuzzy system VI  

  

Fig.6. FL Fuzzy controller VI 

 

Fig.7. VI connections 

The front panel diagram and block diagram of existing 

QNET 2.0 VTOL Flight control are shown in Fig.8 (a) 

and Fig.8 (b) respectively.  

 

 

Fig.8 (a). QNET 2.0 VTOL Flight control front panel  

 

Fig.8 (b). QNET 2.0 VTOL Flight control block diagram 

And the front panel and block diagram of implemented 

fuzzy-based auto-tuned PID controller is shown in Fig.9 

(a) and Fig.9 (b) respectively. 

 

 

Fig.9 (a). Fuzzy controller front panel 

 

Fig.9 (b). Fuzzy controller block diagram 
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In the block diagram of existing QNET VTOL Flight 

control the block “position control parameters” which is 

the input block for kp, ki, and kd, is replaced by fuzzy 

logic blocks in the block diagram of the fuzzy-based au-

to-tuned PID controller to intelligently control the param-

eters. And the output of the fuzzy blocks is given as input 

to the PID controller.   

 

IV.  SIMULATION AND RESULTS  

To validate the results four characteristics of the step 

response are taken into consideration i.e. Rise time, set-

tling time, overshoot and Peak time. The result of existing 

QNET VTOL Flight control can be seen in Fig.10 (a) and 

the step characteristics can be found as, rise time = 1.7s, 

peak time = 3.9 s, settling time = 9.4 s and overshoot = 

40 %.  

Whereas the result of a fuzzy logic-based auto-tuned 

PID controller can be seen in Fig.10 (b) and the step 

characteristics can be found as, rise time = 1.46 s, peak 

time = 3.6 s, settling time = 8.54 s and overshoot = 10 %.  

 

 

Fig.10 (a). PID Controller result 

 

Fig.10 (b). Fuzzy controller result 

System Identification toolbox Fig.11 is used in 

MATLAB to regenerate the results of both the existing 

PID control and the fuzzy logic-based auto-tuned PID 

control to compare and validate the results. This toolbox 

helps to regenerate the results with the help of the sys-

tem’s transfer function.  

 

 

Fig.11. System Identification toolbox 

System Identification toolbox regenerated the results 

for the system with an 80% approximation and this com-

parison can be seen in Fig.12.  The response of the fuzzy-

based PID controller is better than the existing PID con-

troller.  

 

 

Fig.12. MATLAB simulation 

While in Fig.13 (a) and Fig.13 (b) the step characteris-

tics can be seen on the step response of the fuzzy logic-

based auto-tuned PID controller.  

 

 

Fig.13 (a). Step Response
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Fig.13 (b). Step Response 

Table 4. Step characteristics 

Characteristics PID Controller Fuzzy PID Controller 

Rise time 1.7 S 1,46 S 

Peak time 3.9 s 3.6 S 

Settling time 9.4 s 8.54 s 

Overshoot 40 % 10 % 

 

A decrease in all the characteristics of the step re-

sponse is observed. It is clear from Table 4 that the fuzzy 

logic based auto-tuned PID controller gives promising 

results as compared to the existing PID controller. It can-

not be denied that the result has drastically improved, and 

the response of the system is smoother and better after the 

implementation of the fuzzy-based PID auto-tuning 

method. 

 

V.  CONCLUSION AND FUTURE WORK 

The fuzzy-based auto-tuning method is introduced to 

tune the installed PID controller of QNET 2.0 VTOL. 

The fuzzy-based auto-tuned controller is compared with 

the manually tuned PID controller installed on the system. 

The comparison is based on the simulation results of the 

QNET 2.0 VTOL model taken in the LabVIEW environ-

ment. The comparison is done based on step characteris-

tics i.e. Peak time, Rise time, Settling time and Overshoot. 

The response shows that the Fuzzy based auto-tuned PID 

controller can control the pitch angle of the QNET 2.0 

VTOL. From the results, it can be observed that on given 

values of controller gains; significant performance is im-

proved with the Fuzzy based PID controller than the ex-

isting PID controller. It can also be observed that the val-

ues for peak time, rise time, percent overshoot and set-

tling time have reduced with Fuzzy based auto-tuned PID 

controller. 

The existing PID controller is manually tuned. Where-

as, Fuzzy based PID controller tuning method is auto-

tuned and requires less expertise and is stable. The pro-

posed fuzzy auto-tuning PID method gives promising 

results as compared to the existing PID controller for a 

stable pitch angle of QNET 2.0 VTOL.  

In future, the proposed controller can be implemented 

and tested against different disturbances. The proposed 

control can also be implemented on a real UAV and per-

form different flight modes.  
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