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Abstract 

Quadrotor are four-rotor unmanned aerial vehicles(UAV). These vehicles are widely used in military and civilian areas. 

They are preferred because they eliminate the risk of life of pilots. In this study, the effect of morphing, which is a new 

and developmental phenomenon in unmanned aerial vehicles, on lateral flight is discussed. Quadrotor modeling is 

achieved by Newton Euler approach. Models with quadrotor full and morphing states were drawn in Solidworks program. 

Simulations were made using the state space model approach in Matlab environment with the moment of inertia and mass 

values obtained in these models. Proportional integral derivative(PID) is used as the quadrotor control algorithm. 

Simulations are performed separately for each morphing situation. The results are presented with graphic and design 

performance criteria. 
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1. Introduction 

 Unmanned aerial vehicles (UAV) emerged as 

platforms popular in various applications such as 

rescue missions, fire fighting and reconnaissance. 

These vehicles can be used in hazardous 

environments as they are low cost and eliminate the 

risk of pilots' life. Quadrotors, a type of UAVs, have 

attracted the attention of researchers because they 

can take off and land vertically and are 

mechanically simple. Quadrotors don’t need a 

runway as they can take off and land vertically. 

Therefore, they are more preferred than fixed wing 

UAVs. Many studies have been done on quadrotor 

modeling and control. However, studies on 

morphing, which constitute the main subject of this 

study, have started to take a new place in the 

literature. Some of these studies are listed below. In 

study in [1], Barbaracci discussed the modeling and 

control of a quadrotor with variable geometry. He 

tried to show how the angle between the arms 

affects longitudinal and lateral flight. He used LQR 

and proportional integral derivative (PID) 

algorithms as control algorithm. The simulations 
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showed how different angles between the quadrotor 

arms affect the quadrotor flight. He worked on a 

foldable and quadrotor that can be used in works 

such as mapping and illustration in D. Falanga[2]. 

These Quadrotors could do H morphing, O 

morphing and T morphing because the arms could 

morphing from the joints to the body. The quadrotor 

was not symmetrical because it had different types 

of morphing features. Without this symmetry, the 

quadrotor provided a stable flight. V. Riviere et al. 

[3] worked on a quadrotor that can pass through 

narrow spaces. 

The quadrotor had an elastic mechanism and 

could avoid obstacles. In the morphing process, 

there was a loss of control in the quadrotor roll axis 

in order to cope with this, the quadrotor developed 

a control system that kept it constant until a narrow 

area passed. T. Oktay and S. Coban [4] worked on 

the longitudinal and lateral flight control of the 

Tactical Unmanned Aerial Vehicle, which includes 

both passive and active morphing. This TUAV had 

a weight of 50 kg, a range of 3000 km, airborne time 

of 28 hours and a ceiling altitude of 12500 m. They 

calculated the optimum wingspan parameters using 

A stochastic optimization method named as 

simultaneous perturbation stochastic approximation 

(SPSA). They also calculated the controller 

coefficients with the same algorithm. T. Oktay and 

O. Kose [5]–[12]  received the hover, longitudinal 

and lateral flights of the quadrotor with collective 

morphing. In their work, they worked on quadrotor 

modeling and control as well as morphing. They 

used PID as the control algorithm.  

In this study, the effect of collective and 

differential morphing on lateral flight in an X-type 

quadrotor was investigated. In addition, quadrotor 

modeling and control are also discussed.  

2. Material and Methods 

2.1 Quadrotor Movements 

Quadrotor is an unmanned aerial vehicle 

consisting of four rotors. It acts by taking advantage 

of the thrust produced by the rotors. Quadrotor 

performs its movement in the x, y and z axes. 

Quadrotor lateral movement is also called roll 

movement. The quadrotor performs its lateral 

movement on the X axis. Fig 1 shows the lateral 

movement. 

 
Figure 1. Lateral Movement 

As shown in Figure 1, the rotors numbered 1 and 

4 should decrease while the speed of rotors 2 and 3 

should increase while the quadrotor would perform 

lateral movement. 

 

2.2 Dynamic Model 

Newton Euler method is used to obtain the 

quadrotor dynamic model [13], [14]. 

• The structure is solid and symmetrical. 

• Propellers are solid. 

• Ground effect is neglected. 

Quadrotor is a nonlinear system. Although it is 

structurally simple, it is a complex system as a 

mathematical model. Nonlinear dynamics are 

converted into linear equations using various 

methods. Linear motion equations are as follows. 

ẏ = v      

v̇ = gϕ      

ṙ =
τz

Iz
      

ṗ =
τx

Ix
      (1) 

ϕ̇ = p   

ψ̇ = r  

From these equations y, 𝜙 and 𝜓 quadrotor holds 

the linear and angular position and v, p and r hold 

the linear and angular velocities. 

𝐼𝑥  and 𝐼𝑥  represent quadrotor moments of 

inertia[15]. 

I =  [

Ix 0 0
0 Iy 0

0 0 Iz

]    (2) 

In order to run quadrotor motion equations in 

simulations, an introduction to the system must be 

applied. 𝜏𝑥  is the entry for lateral actuation. 
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τx = bl(−Ω1
2 − Ω2

2 + Ω3
2 + Ω4

2)  (3) 

For lateral flight, 𝜏𝑥  input is used. Where l the 

distance between any rotor and the center of the 

quadrotor, b is the thrust factor and d is the drag 

factor and Ω is propeller speed. 

2.3 State Space Model and Morphing 

State space model is a method used for modeling 

physical systems. In this method, physical system 

equations are expressed by first-order equations. 

These equations are modeled using the matrix form. 

The general form of the situation space model 

approach is shown below. 

𝑥 = 𝐴𝑥(𝑡) + 𝐵𝑢(𝑡) 

𝑦 = 𝐶𝑥(𝑡) + 𝐷𝑢(𝑡) 

Where, x(t)= State vector, y(t)= Output vector, 

u(t)= Input or control vector, A= System matrix, B= 

Input matrix, C= Output matrix, D= Feedforward 

matrix. 

The lateral movement state space model 

discussed in this study is given below. 
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The process of changing the geometry of 

unmanned aerial vehicles is described as morphing. 

Morphing is carried out in two ways: 

• Active morphing 

• Passive morphing 

If the unmanned aerial vehicle changes its 

geometry during flight, this is called active 

morphing. If the change in geometry is made on the 

ground before the flight, this is called passive 

morphing. In this study, active morphing was 

applied. 

In the quadrotor type unmanned aerial vehicle, 

morphing occurs by lengthening and shortening the 

arm lengths.  

 
Figure 2. Normal arm 

 

Figure 3. %50 morphing 

2.4 Quadrotor Control System 

PID algorithm was used in this study for 

quadrotor control. The PID controller is the most 

common form of feedback [16]. PID controllers are 

today found in all areas where control is used. PID 

controllers have survived many changes in 

technology, from mechanics and pneumatics to 

microprocessors via electronic tubes, transistors, 

integrated circuits. The general formula of PID 

algorithm is given below. 

𝑢(𝑡) = 𝐾𝑝 𝑒(𝑡) + 𝐾𝑖  ∫ (𝑡)𝑑(𝑡)
𝑡

0
 + 𝐾𝑑  𝑑𝑒(𝑡)/𝑑(𝑡)   (4) 

 
Figure 4. PID control 

where y is the measured process variable, r the 

reference variable, u is the control signal and e is the 

control error. The reference variable is often called 

the set point. The control signal is thus a sum of 

three terms: the P-term (which is proportional to the 

error), the I-term (which is proportional to the 

integral of the error), and the D-term (which is 

proportional to the derivative of the error). The 

controller parameters are proportional gain 𝐾𝑝, 

integral gain 𝐾𝑖, and derivative gain 𝐾𝑑 . The 

integral, proportional and derivative part can be 
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interpreted as control actions based on the past, the 

present. 

3. Result and Discussion  

In this study, differential and collective 

morphing is discussed together. In differential 

morphing, the forearms are lengthened, while the 

back arms are shortened by the same amount. In 

collective morphing, the forearm and back arms are 

lengthened or shortened by the same amount. The 

differential and collective morphing states 

discussed for this study are shown below.  

 
Figure 5. Initial situation 

 
Figure 6. %50 differential and %50 collective 
morphing 

 
Figure 7. %50 differential and %25 collective 
morphing 

 
Figure 8. %25 differential and %50 collective 

morphing 

There is no change in the quadrotor mass with 

differential and collective morphing. In the case of 

morphing, the quadrotor inertia moments change 

because the solid body model changes. Inertia 

moments are obtained from the models drawn in the 

Solidworks program. In the table below, inertia 

moments and mass information are given according 

to morphing states.  

Table 1. Differential and Collective Morphing 

Moment of Inertia Change 

 Fig 4 Fig 5 Fig 6 Fig 7 

Ix(kg*m2) 0.03595 0.03596 0.03527 0.03659 

Iy(kg*m2) 0.03543 0.03564 0.03490 0.03622 

Iz(kg*m2) 0.02027 0.02049 0.01906 0.02170 

m(kg) 0.60292 0.60292 0.60292 0.60292 

PID coefficients remain the same in all cases of 

differential and collective morphing. PID 

coefficients are given in the table below. 
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Table 2. PID Coefficients 

State P I D 

Differential and 

collective morphing 

50 0.8 0.2 

Simulation results in Matlab / Simulink 

environment are given below. 

 

 
Figure 9. Initial situation simulation 

 

Figure 10. %50 differential and %50 collective morphing simulation 

 
Figure 11. %50 differential and %25 collective morphing simulation 
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Figure 12. %25 differential and %50 collective morphing simulation 

4. Conclusions  

In this study, the effect of differential and 

collective morphing on the quadrotor lateral flight 

was investigated. Quadrotor created the dynamic 

model using the Newton Euler method. Quadrotor 

full model and every morphing situation were 

drawn in Solidworks program and mass and 

moment of inertia values were taken. Using these 

values, simulations were made using the state space 

model approach in Matlab environment.  

According to simulation results, differential and 

collective morphing had an effect on lateral flight. 

The main reason for this is that the quadrotor inertia 

moments change in each morphing situation. These 

inertia moment values have an effect on flight since 

the state is applied as an input to the space model. 

Rise time, settling time and overshoot values, which 

are the design performance criteria that affect the 

lateral flight, can be seen by monitoring.  

Table 3. Differential and Collective Morphing 

Design Performance Criteria 

 Fig 4 Fig 5 Fig 6 Fig 7 

Rise Time 0.00757 

sec 

0.00757 

sec 

0.0748 

sec 

0.00765 

sec 

Settling 

Time 

0.0996 

sec 

0.0996 

sec 

0.0988 

sec 

0.1 sec 

Overshoot 42.1 % 42.1 % 42.4 % 41.8 % 

 

Ethical Approval  

Not applicable. 
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