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Unmanned Aerial Vehicles (UAVs) have numerous applications in 

military, commercial, and hobby fields. Among these vehicles, drones 

with vertical take-off and landing (VTOL) capabilities have attracted 

more attention due to their specific capabilities, such as better 

maneuverability and hover flight. In recent years, numerous concepts 

emerged that are trying to propose new configurations to enhance 

UAV performance. This paper proposes a novel concept that 

integrates a single main rotor helicopter and quadrotor structure to 

overcome some difficulties in those applications. This suggested 

configuration includes a variable-pitch main rotor equipped with 

four smaller counterrotating rotors to overcome its opposite torque 

(instead of a tail rotor in helicopters) and sustain a portion of the 

UAV weight, which makes it possible to use a smaller main rotor. This 

design preserves the maneuverability of helicopters while eliminating 

tail rotor power loss and its asymmetric lateral force. It also enhances 

flight stability and maneuverability by properly using the other four 

rotors’ thrusts. Preliminary dynamic modeling and control system 

design are presented in the text, and the results show that this idea 

can be investigated further. Other steps are planned to be studied in 

the subsequent research. 

 

Introduction 

Unmanned aircraft vehicles (UAVs) have gained 

much attraction in recent years. Among them, 

unmanned rotorcrafts are more critical due to their 

unique abilities, such as hover flight and vertical 

take-off and landing. The main configurations used 

in these vehicles are the single main rotor, coaxial, 

and multi-rotor (quadcopter, hexacopter, and 

octocopter) systems. Since each configuration has 

pros and cons compared to others, in recent years,  
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new ideas and concepts have been proposed in the 

literature, including tail-sitters, hybrid flight, and 

VTOL UAVs. In this manuscript, we propose a 

novel configuration as an unmanned rotorcraft that 

is composed of a variable pitch main rotor and four 

constant pitch rotors as torque compensators 

(combining ideas used in single main rotor 

helicopters and quadrotors). 

Due to the problems in utilizing each of these 

configurations, some prototypes have been 
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developed recently, focusing on hybrid unmanned 

systems (transforming flight regimes from hover to 

forward flight). These hybrid vehicles should have 

the main characteristics of vertical take-off and 

landing vehicles (VTOL) and fixed-wing aircraft, 

including vertical take-off and landing and fast-

forward flight. These novel vehicle designs are 

proposed as a concept yet and need extensive 

investigation to be used as mature products and 

technologies. 

As mentioned above, numerous models and 

concepts are proposed in the UAV field. Especially 

in recent years, advancements in electronic 

technologies and measurement and control systems 

provide a better background for proposing new 

ideas. In these vehicles, the variety of thrust-

producing mechanisms and configurations results in 

an enhanced possibility of designing and 

implementing different UAVs. For instance, 

different aerial robot investigations are gathered in 

reference [1]. 

This variety of configurations leads to proposing a 

new classification of drones. For example, we can 

mention categorizing UAVs by application in [2], 

studying hybrid flight UAVs (which can take-off 

and land vertically and perform cruise flight as a 

plane) in [3], and also technologies related to VTOL 

(vertical take-off and landing) UAVs in [4]. In some 

configurations, vehicle control and maneuvering are 

performed by changing the rotor axis, known as 

thrust vectoring, which can be found in [5]. Design 

methods and configurations of UAVs are introduced 

in [6]. Finally, the most recent advancements and 

concepts proposed in this field can be seen in [7]. 

Besides the general information given above, we can 

take a closer look at the detailed description of 

concepts based on the combination of different ideas 

and configurations. In recent years, combining 

fixed-wing UAVs and multirotor has been 

investigated in several works. As examples, three 

types of these drones have been investigated in [8], 

[9], and [10]. These UAVs add optimal cruise flight 

capability to a rotorcraft while maintaining its 

vertical take-off and landing capability. The main 

drawback of this idea would be the decreasing 

maneuverability and operational flight 

characteristics compared to rotorcraft. Another 

drone group based on idea combining is called 

“Flying Wing.” In these vehicles, the main section 

is a wing equipped with several rotors and can 

perform hover flight, vertical take-off, and landing 

and specific maneuvers [11], [12], and [13]. The 

capabilities and performance of these UAVs are 

different from rotorcraft. Two types of these drones 

are shown in Figure 1. 

 

  

 

[12] [9] 

Figure 1: Drones based on combining fixed-wing and multirotors (left) and flying wing (right) 

Furthermore, a quadrotor structure and adding 

wings to it have been proposed in the literature. In 

these drones, the flight performance in hover and 

near hover regimes is approximately the same as 

quadrotors [14], [15] and [16]. However, the results 

show enhanced wing-cruise flight and long-range 

routes capabilities. Of course, adding wings will 

lead to excess weight and drag in near hover flights, 

decreasing the maneuverability of these UAVs. 

Moreover, the addition of tilting capability for rotors 

in a multirotor configuration is another novel trend. 

These drones, known as Tiltrotors, consist of dual 

tilt rotors, tri tilt rotors, and quad tilt rotors [17], 

[18], and [19]. Although this enhancement increases 

the maneuverability and flight performance of these 

UAVs, it will increase the system's degrees of 

freedom and complicate its flight behavior, leading 

to a more complex dynamic system. Therefore, a 

more complicated control algorithm is needed for its 

guidance. The samples of these models are shown in 

Figure 2.
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[19] [15] 

Figure 2 : Drones based on wing-added quadrotors (left) and tiltrotors (right) 

Finally, the most related research concerning our 

novel configuration is a combination of a variable-

pitch main rotor with wing and other rotors. To our 

knowledge, three models are introduced based on 

this idea, shown in Figure 3. The main advantage of 

using a variable-pitch main rotor is the ability to 

generate thrust forces in a plane perpendicular to the 

rotor axis. Although this will increase the 

maneuverability and performance of the drone, it 

also complicates its dynamics and control 

mechanism. Adding a wing will improve the cruise 

flight ability of these UAVs. However, it will 

decrease near-hover flight performance. 

 
  

[20] [21] [22] 

 
Figure 3: Drones based on a single main rotor and added wings 

As mentioned earlier, single-main rotor (SMR) 

unmanned helicopters and quadrotors are the most 

common UAVs used as vertical take-off and landing 

vehicles. There are some concepts of pentacopters 

[23] and [24] or triangular quadrotors, known as Y4 

configuration [25], that use the main rotor and 

several smaller ones. Nevertheless, all the applicated 

rotors are fixed pitch, causing control troubles in 

different operation scenarios. To the author's 

knowledge, the idea of combining these two 

configurations never had been proposed before. 

Based on what we will describe in the following 

sections of this article, this idea would lead to 

several benefits and produce a novel drone 

configuration that will combine the advantages of 

these two classes of drones. 

Proposing Novel Concept 
Besides these novel configurations, standard 

platforms such as single-main rotor helicopters, 

coaxial helicopters, and multi-rotor systems are 

commonly used in numerous applications (Figure 

4). Each one of these platforms has its pros and cons. 

For example, the single-main rotor configuration is 

an agile and high-performance platform with great 

maneuverability and robustness against disturbance. 

Its main advantage is using rotor flapping to 

generate in-plane forces, which is a better flight 

control mechanism tool. Its main weaknesses are an 

asymmetrical dynamic system, power loss due to tail 

rotor force (used to counter main rotor torque), 

complex nonlinear dynamics, and control system 

design [26]. Also, Multi-rotor systems are inherently 

more stable vehicles. However, they have less 

maneuverability and robustness. Due to the couple 

rotor torques used to counter each other effect, the 
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efficiency of this configuration is about 10% higher 

compared to a single-main rotor configuration, as 

the tail rotor power is generally not useful [27]. The 

coaxial platforms are more stable than single-rotor 

systems and do not need tail rotor loss to encounter 

the torque of the main blade. However, mechanical 

complexity and lower agility are the main 

weaknesses of this platform. 

 
 

 

(a) Single-Main Rotor Helicopter (b) Multi-rotor Drone (c) Coaxial Drone 

Figure 4: Common unmanned rotorcraft platforms working principles 

This paper proposes a novel configuration that 

simultaneously utilizes the benefits of single-main rotor 

helicopters and quad-rotor. It will use a variable pitch 

main rotor section with collective and longitudinal and 

lateral cyclic inputs as it is used in radio-controlled (RC) 

helicopters (Fig.5). This will let the pilot trigger main 

rotor flapping dynamics and change the blades' tip path 

plane orientation. Moreover, it uses it to generate in-

plane forces and moments, which will increase the 

agility and maneuverability of the system. The actuation 

mechanism will be designed based on the swash-plate 

mechanism and control servo motors and can be 

enhanced by adding a stabilizer bar to the system. 

Figure 5: Swash-plate mechanism neutral 

position (center), collective input (right) and 

cyclic input (left) 

Unlike the standard single-main rotor platform, the main 

rotor torque in the proposed concept will be encountered 

by 4 smaller rotor torques rotating in the opposite direction 

of the main rotor (Figure 6). These 4 rotors will generate 

thrust and lift forces and carry a portion of vehicle weight. 

In contrast, in a standard single-rotor configuration, the tail 

rotor will waste the power and create lateral unbalance 

force in the system. Furthermore, thrust forces generated 

by small rotors will increase the system's stability during 

flight as it is used to control a quadrotor steadily.    

 

  

3-D schematic model Torque compensation principle 

Figure 6: The proposed configuration 

The control structure for the proposed platform is 

the same as the single-main rotor helicopters. The 

main rotor rotates at a constant RPM using an 

electronic governor system. In addition, the blade's 

angle of attack is set using a swash-plate mechanism 

and collective and cyclic inputs. The encountering 

torques of 4 small rotors are set automatically by 

compensating the required lift and torque based on 

collective input and internal yaw rate gyro 

controller. These modifications are performed by 
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changing rotor RPMs. Besides, the pedal input 

changes the vehicle heading while performing 

different tasks and maneuvers. Two control 

strategies can be considered for this unmanned 

vehicle. In normal mode, all 4 small rotors RPMs are 

equally set, which maintains symmetrical force and 

moment condition and increases the stability margin 

of the system. In agile mode, each small motor RPM 

will be controlled separately by the internal 

intelligent control system. This will maximize the 

performance and maneuverability of the vehicle by 

generating unbalanced forces and moments. 

This platform can be constructed using off-the-shelf 

parts available for commercial single-main rotor 

helicopters and quad-rotors. This will make its 

implementation more realistic than other mentioned 

novel configurations and with less time and cost. 

The motors and blades' sizing selection needs to be 

done cautiously to optimize the system's dynamic 

performance. Also, an internal gyro feedback 

controller will be used to manage small rotor thrusts 

to maintain constant heading or follow the desired 

values if required. 

Preliminary Dynamic Modeling of the 

Proposed Configuration 

Generally, a modular method is used for the 

dynamic modeling of unmanned rotorcrafts. The 

forces and moments created by different sections are 

calculated separately and then transferred to the 

center of gravity axes. After summing all forces and 

moments, the rotorcraft's linear and angular 

accelerations will be calculated using Newton-Euler 

equations. In the end, integrating these 

accelerations, translational and rotational velocities 

and positions will be available, and this cycle will 

run again for the next steps. 

Space states used in modeling include CG position, 

translational and rotational velocities in body axes, 

orientation Euler angles, and an extra state 

considered for modeling the effect of internal gyro 

rate feedback of the internal PI controller. Like all 

other helicopters, control inputs are considered as 

two normalized inputs, namely collective and pedal, 

and two cyclic inputs, which are expressed as 

flapping angles of the main rotor. The definition of 

space states and control inputs are shown in Table 1. 

 
Table 1: Modeling space states and inputs 

Parameter Unit Description 

𝑃𝑛 = [𝑥𝑛   𝑦𝑛   𝑧𝑛]𝑇 𝑚 Rotorcraft CG position vector in earth frame 

𝑉𝑏 = [𝑢   𝑣   𝑤]𝑇 𝑚
𝑠⁄  Rotorcraft translational velocity in body frame 

𝜔𝑏/𝑛
𝑏 = [𝑝   𝑞   𝑟]𝑇 𝑟𝑎𝑑

𝑠⁄  Rotorcraft rotational velocity in body frame 

𝜙 . 𝜃 . 𝜓 𝑟𝑎𝑑 Euler angles 

𝐹𝑙𝑎𝑝𝑝𝑖𝑛𝑔 𝐴𝑛𝑔𝑙𝑒𝑠: 𝑎𝑠. 𝑏𝑠 𝑟𝑎𝑑 Main rotor flapping angles 

𝛿𝑝𝑒𝑑.𝑖𝑛𝑡 - State defined for yaw rate feedback PI controller 

𝛿𝑐𝑜𝑙 - Normalized input for collective input (-1,1) 

𝛿𝑝𝑒𝑑 - Normalized input for pedal input (-1,1) 

𝛿𝑙𝑜𝑛 - Normalized input for longitudinal input (-1,1) 

𝛿𝑙𝑎𝑡 - Normalized input for lateral input (-1,1) 

Two reference axes should be defined for the 

dynamic modeling of the rotorcraft: a fixed NED 

coordinate with arbitrary origin on the ground (the 

earth coordinate), and a NED coordinate attached to 

the helicopter center of gravity (body coordinate). 

The body coordinate is a non-Newtonian system in 

which the dynamic equations will be considered. 

Euler angles have been used to relate the orientation 

of body axes to the ground axes. According to the 

linear velocity components of the rotorcraft in the 

body axes, the kinematics of position can be written 

as (1):    

(1) 𝑃𝑛̇ = 𝑉𝑛 = 𝑅𝑛/𝑏𝑉𝑏 

Where 𝑅𝑛/𝑏 is the rotation matrix between the body 

and earth axes: 

 
In Error! Reference source not found., 𝑐  and  𝑠 i

ndicate 𝑐𝑜𝑠  and  𝑠𝑖𝑛  functions, respectively. The 
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relation between Euler angles change rates and 

rotorcraft angular velocity can be shown as matrix 

equation (2):  

(2) 

[

𝜙̇

𝜃̇
𝜓̇

]

= [

1 𝑡𝑎𝑛𝜃. 𝑠𝑖𝑛𝜙 𝑡𝑎𝑛𝜃. 𝑐𝑜𝑠𝜙
0 𝑐𝑜𝑠𝜙 −𝑠𝑖𝑛𝜙

0
𝑠𝑖𝑛𝜙

𝑐𝑜𝑠𝜃

𝑐𝑜𝑠𝜙

𝑐𝑜𝑠𝜃

]𝜔𝑏/𝑛
𝑏  

After calculation of applied forces and moments on 

CG, the rotorcraft body dynamic equations can be 

derived using the Newton-Euler equations (3)  and  
(4):  

(3) 𝑉𝑏̇ = −𝜔𝑏/𝑛
𝑏 × 𝑉𝑏 +

𝐹𝑏

𝑚
+

𝐹𝑏,𝑔

𝑚
 

(4) 
𝜔̇𝑏/𝑛

𝑏 = 𝐽−1 (𝑀𝑏 − 𝜔𝑏/𝑛
𝑏 × (𝐽𝜔𝑏/𝑛

𝑏 )) 

In which the forces and moments are calculated 

using equations (5) to  (7): 

(5) 𝐹𝑏 𝑔 = [

−𝑚𝑔. 𝑠𝑖𝑛𝜃
𝑚𝑔. 𝑠𝑖𝑛𝜙. 𝑐𝑜𝑠𝜃
𝑚𝑔. 𝑐𝑜𝑠𝜙. 𝑐𝑜𝑠𝜃

] 

(6) 
𝐹𝑏 =

[
 
 
 
 

𝑋𝑚𝑟

𝑌𝑚𝑟

𝑍𝑚𝑟 + ∑ 𝑍𝑠𝑟.𝑖

4

𝑖=1 ]
 
 
 
 

 

(7) 
𝑀𝑏 =

[
 
 
 
 

𝐿𝑚𝑟

𝑀𝑚𝑟

𝑁𝑚𝑟 + ∑𝑁𝑠𝑟.𝑖

4

𝑖=1 ]
 
 
 
 

 

In these relations, X, Y and Z are forces, and L, M 

and N are moments exerted on the system. These 

forces will be calculated for the main rotor and the 

small rotors and transferred to the center of gravity 

axes. Also, 𝐽3×3 is rotorcraft inertia matrix 

simplified as (8):  

(8) 𝐽 = [

𝐽𝑥𝑥 0 0
0 𝐽𝑦𝑦 0

0 0 𝐽𝑧𝑧

] 

Here, due to the symmetries, it is assumed that the 

inertial tensor is diagonal. 

Modeling the main rotor is the most crucial part of 

the dynamic rotorcraft system, and different 

methods can be used for that [28]. In the most 

common method, flapping dynamics, containing 

stabilizer bar flapping dynamics, is considered a 

first-order dynamic system. Therefore, the dynamic 

model will have two states for longitudinal and 

lateral flapping angles. Calculation of thrust and 

rotor-induced velocity is carried out using the 

momentum theory method [27]. In the simplest case, 

the dynamic behavior of the main rotor is 

completely ignored, and it has been assumed that the 

inputs can directly control flapping angles and thrust 

force [26]. Components of the main rotor forces are 

obtained by thrust perpendicular to the TPP 

assumption. The second method is used for 

modeling at this stage due to its lower complexity. 

The small rotors flapping is neglected due to their 

constant pitch angle and high RPM. Therefore, they 

will act as a variable magnitude thrust, always 

normal to the body. 

Generally, a rotor thrust and torque can be calculated 

from equations (10) and (11), respectively: 

(9) 𝑇𝑟 = 𝑐𝑇𝐴𝑅2𝛺2 

(10) 
𝑄𝑟 = 𝑐𝑄𝐴𝑅2𝛺2 

The blade's pitch angle is fixed for the small rotors, 

and the thrust and torque change are created by rotor 

RPM change. Each rotor RPM can be controlled 

separately by the flight control system. In normal 

mode, all the RPMs are kept equal to keep stability. 

Nevertheless, they can be determined separately in 

the agile mode to enhance that performance. For the 

main rotor, the motor RPM is kept constant, and 

thrust and torque will be changed by collective 

input. 

The main rotor flapping dynamics can be considered 

a first-order coupled system controlled by 

longitudinal and lateral inputs. The flapping angles 

can be modeled by equations (12) and (13) [26]: 

(11) 𝑎̇𝑠 = −𝑞 −
1

𝜏𝑚𝑟

𝑎𝑠 + 𝐴𝑏𝑠
𝑏𝑠 +

1

𝜏𝑚𝑟

𝛿𝑙𝑜𝑛 

(12) 𝑏̇𝑠 = −𝑝 + 𝐵𝑎𝑠
𝑎𝑠 −

1

𝜏𝑚𝑟

𝑏𝑠 +
1

𝜏𝑚𝑟

𝛿𝑙𝑎𝑡 

Based on the main rotor flapping angles, the main 

rotor forces are calculated using the perpendicular to 

TPP thrust assumption by equations (14) to (16): 

(13) 𝑋𝑚𝑟 = −𝑇𝑚𝑟𝑎𝑠 

(14) 𝑌𝑚𝑟 = −𝑇𝑚𝑟𝑏𝑠 

(15) 𝑍𝑚𝑟 = −𝑇𝑚𝑟  

The opposing torque of main rotor is calculated 

by (16): 
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(16) 𝑁𝑚𝑟 = 𝑄𝑚𝑟  

As mentioned above, an internal yaw gyro feedback 

PI controller will be included in the flight control 

system, which controls the rotorcraft's heading 

internally. The effect of this controller can be 

calculated by equation (18): 

(17) 𝛿𝑝̅𝑒𝑑 = (𝐾𝑃 +
𝐾𝐼

𝑠
) (𝐾𝑎𝛿𝑝𝑒𝑑 − 𝑟) 

in which 𝛿𝑝𝑒𝑑 is the basic input and 𝛿𝑝̅𝑒𝑑 is the 

applied pedal input. To consider this controller in 

modeling process, the dynamic equation of an extra 

state is defined as equation (18) which makes the 

applied pedal input be computed from equation (19): 

(18) 𝛿̇𝑝𝑒𝑑,𝑖𝑛𝑡 = 𝐾𝑎𝛿𝑝𝑒𝑑 − 𝑟 

(19) 𝛿𝑝̅𝑒𝑑 = 𝐾𝑃(𝐾𝑎𝛿𝑝𝑒𝑑 − 𝑟) + 𝐾𝐼𝛿𝑝𝑒𝑑,𝑖𝑛𝑡 

In hover conditions, flapping angles are zero, the 

sum of the thrusts is equal to the rotorcraft weight, 

and the main rotor torque is equal to the sum of the 

four small rotor torques as equations (21) and (22): 

(20) 𝑚𝑔 = 𝑍𝑚𝑟 + ∑𝑍𝑠𝑟.𝑖

4

𝑖=1

 

(21) 𝑁𝑚𝑟 = ∑ 𝑁𝑠𝑟.𝑖

4

𝑖=1

 

The parameters used in dynamic modeling and their 

values are presented in Table 2. 

Table 2:  Dynamic model parameters used in simulation 

Paramete

r 
Value Unit Description 

m 3 kg Mass of drone 

Jxx 0.085 kg.m2 Drone moment of inertia about X axis 

Jyy 0.185 kg.m2 Drone moment of inertia about Y axis 

Jzz 0.265 kg.m2 Drone moment of inertia about Z axis 

Ab = 𝐵𝑎 20 − Flapping angles coupling parameter 

τmr 0.1 s Main rotor time constant 

𝐾𝑎 -3.8 − Coefficient of internal gyro PI controller 

𝐾𝑃 0.4 − Proportional coefficient of internal gyro PI controller 

𝐾𝐼 2.2 − Integrator coefficient of internal gyro PI controller 

For the heave motion of the rotorcraft, all thrusts 

increase or decrease so that the sum of torques 

remains zero. For yaw motion, thrusts of the main 

and small rotors change reversely such that the 

thrust sum remains equal to the weight. However, 

the net torque creates a heading change. 

Longitudinal and lateral movements are created by 

the main rotor flapping angles and in-plane forces 

generated by them. In agile mode, small rotor thrusts 

can also generate unbalance longitudinal or lateral 

torques, tilt the drone and use the balanced forces to 

maintain or track a desired roll or pitch angles.    

Control System Design and Implementation 

In order to investigate the dynamic flight behavior 

of the proposed idea, the model is implemented in 

Matlab/Simulink environment, shown in Figure 7. 

Also, the dynamic model block contains the 

equations presented above. Besides, the control 

system uses state feedback to generate inputs to 

perform the desired action. The dynamic system has 

15 states and four inputs, shown in Table 1. 

 
Figure 7: Drone dynamic model implemented in 

Matlab/Simulink environment 

Moreover, a hierarchical LQR control system is 

designed and applied to the dynamic system. In this 

control scheme, the rotational dynamics, which are 
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relatively fast, are stabilized and tracked in the inner 

layer. In contrast, the outer layer is concerned with 

linear dynamics and generates the reference values 

of Euler angles for the inner loop based on the 

desired trajectory. The inner loop contains nine 

states (rotational velocities, Euler angles, flapping 

angles, and PI gyro state), while the outer loop 

contains six (linear velocities and position). The 

control system structure (shown in Figure 8) and 

design processes are similar to the method described 

in equation [28]. 

 
Figure 8: Schematic structure of the hierarchical LQR 

control system 

In order to evaluate the performance of the control 

system, several basic scenarios were simulated. 

First, the control system was checked to bring the 

drone to hover flight from an initial condition of 5 

m/s longitudinal velocities. The result shows that the 

controller successfully reduces the velocity and will 

produce stable hover flight. Due to the coupling of 

the system, all the states are changed during the 

simulation. However, the most significant changes 

are present in longitudinal velocity. The pitch angle 

is shown in Figure 9. It should be noted that the 

longitudinal reference position of the drone is set to 

its initial position, so the controller generates a 

negative velocity to bring the drone back. 

 
Figure 9: Response to longitudinal 5 m/s initial velocity 

Next, the control system is set to follow a 10 m step 

change, after 1 second, in altitude (Figure 10-a) and 

the desired ramp displacement in the lateral 

direction (Figure 10-b). The reference trajectory 

definition is done by setting desired position, 

velocity, and acceleration. Since the velocity is set 

to zero during a step position change, the tracking 

performance is slow. In contrast, in ramp position 

change, the velocity is set to the proper value, which 

helps the control system to follow the trajectory 

faster. Again, the controller performance is 

acceptable in following desired trajectories. 

  
(b) (a) 

Figure 10: Single direction tracking, (a) Step altitude change, (b) Ramp lateral change 

Finally, tracking a rectangular (10m x 10m) 

trajectory in an x-y plane with one m/s constant 

velocity was investigated. Figure 11 shows the 

desired and actual trajectory of the drone. There are 

some offsets when the route experiences a sudden 

change, which is normal due to the physics of the 

system. Nevertheless, the drone follows the new 

route section quickly, and the general performance 

is acceptable. The trajectory definition method is an 

important subject that can help the controller to 

follow the path more precisely. 

 
Figure 11: Rectangular trajectory tracking result 
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The above results are investigated to present the 

feasibility of the system. The control system can be 

improved to have a better performance. 

Additionally, the configuration proposed in this 

paper will produce different control strategies by 

applying the main rotor or small rotors or both in 

special maneuvers, which is planned to be studied in 

the next research. 

Conclusion 

This article reviewed recent developments and 

concepts in the unmanned aerial vehicles field. 

Based on various configurations, it can be concluded 

that research for a platform with better performance 

in different flight regimes is an important topic. By 

comparing different ideas that have already 

emerged, we propose a novel concept combining the 

advantages of single-main rotor helicopter and 

quadrotor systems. The main points of this novel 

configuration are briefly discussed in this paper, and 

a preliminary dynamic model is produced. A simple 

hierarchical LQR control system is designed and 

implemented, and the simulation results show its 

acceptable performance. 

Of course, there is still a far way to design and 

fabricate a drone based on these assumptions. 

However, the idea seems to overcome some 

challenges in UAV capabilities and missions. 

Special attention should be paid to thoroughly 

defining expectations and missions for this drone, 

properly sizing the elements, predicting system 

behaviors through more realistic dynamic modeling, 

and developing control systems and algorithms. 

This would result in a novel UAV with superior 

performance. These topics will be investigated in 

our subsequent research. 
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