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Abstract— This project presents a systematic approach 

towards the stability analysis and control of a real dynamic 

system. A very interesting mechatronics platform, namely, 

quadrotor helicopter, which is a highly nonlinear and cross-

coupled dynamic system and poses challenges for many 

classical control techniques, has been considered as a 

candidate system to illustrate the proposed control law. A 

novel methodology has been presented to analyze the stability 

of the nonlinear system by using Lyapunov- Krasovskii 

method and stabilize the system by implementing the control 

law. Lyapunov-Krasovskii method for analyzing the stability 

offers distinct advantages over other control methods. PD and 

PID control law have been implemented to stabilize the 

system and produce satisfactory results. Therefore, PD and 

PID controller can make quadcopter approaching the 

stationary state. 
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I. INTRODUCTION 

In recent year there has been widespread interest in the small 

unmanned aerial vehicles (UAV) utilized in various civilian 

applications, like weather analysis, delivery services, news 

agencies, traffic management and also used in a different 

military operation like aerial surveillance, information 

gathering, and aerial targeting. Therefore, an unmanned aerial 

vehicle is an interesting mechatronics system and poses 

significant challenges for the application of many 

conventional control design technique. One of the most 

popular types UAV commercially used in the civilian 

application is Quadcopter. One of the most popular types 

UAV commercially used in the civilian application is 

Quadcopter. The quadcopter has received extensive attention 

from the researchers for the aerodynamic properties have 

been incorporated in mathematical modeling, makes it more 

complicated for precise and stable control. . Therefore, any 

attempt to derive a generalized state-space model for such a 

nonlinear and coupled multivariable system results in a very 

big and complex mathematical model. The main purpose of 

this project is to present the basis of quadcopter modeling and 

control to form a basis for further research and development 

in the area. This project pursued with two aims, the first aim 

is to study the mathematical modeling of the quadcopter for 

analyzes the stability of the system and the second aim is to 

implement an appropriate control law for stabilization and 

trajectory control of the candidate system.  

II. MODELING OF A QUADCOPTER DYNAMICS 

A quadcopter is a four-rotor helicopter. It is an under 

actuated, dynamic vehicle with four input forces (one for each 

rotor) and Six Degrees of Freedom (6DOF). The motion of a 

quadcopter in 6DOF is controlled by varying the rpm of the 

four rotors individually, thereby changing the lift and 

rotational forces quadcopter tilts toward the direction of the 

slow spinning motor, which enables it to roll and pitch. Roll 

and pitch angles divide the thrust into two directions due to 

which linear motion is achieved. The rotors rotate in 

clockwise- anticlockwise pairs, shown in Fig. 3 to control the 

yaw produced due to the drag force on propellers. The Center 

of Gravity (CG) lies almost at the same plane which contains 

all the rotors. Also, all four motors of same class differ in 

efficiency with each other. This differentiates it from the 

helicopters, and it is very difficult to stabilize a quadcopter by 

human control. Therefore, sophisticated control is essential 

for a balanced flight of quadcopter. 

 
Fig. 1: Quadcopter 

III. BASIC MOVEMENTSMODELING AND SIMULATION USING 

HFFS 

The motion of quadcopter in 6DOF is controlled by varying 

the rpm of four rotors individually. According to the rotor 

number 1 and 3 (or front and rear rotor) rotates CCW 

(Counter Clock Wise), and rotor number 2 and 4 (or right and 

left rotor) rotates CW (Clock Wise). Because of this 

arrangement, aerodynamic torque is canceled by each other. 

Initially, the helicopter is on the ground before taking off. 

There are five status of movement condition for the quad-

rotor helicopter after taking-off. Those are hovering, vertical 

(or thrust), rolling, pitching and yawing movements. Each 

movement condition is characterized by different motor 

speeds. 

 Hovering  

 
Fig. 2: Quadcopter Schematic (Hovering) 
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Hovering condition of the quadcopter is shown in Fig 2. In 

this condition the four rotors of the quadcopter rotate at the 

same speed, so rotors generate the same thrust. The total 

thrust from all four motors equals the weight, so the 

helicopter hovers at an altitude. The helicopter maintains its 

equilibrium and balance, so it does not move in any direction 

unless acted upon by other forces. 

 Vertical Movement 

When increasing or decreasing all rotor speeds by the same 

amount, the quad-rotor helicopter will move upward or 

downward along the z-axis is shown in Fig. 3 is called a 

vertical movement. 

 
Fig. 3: Quadcopter Schematic (Vertical Movement) 

 Roll Movement 

In case of the roll movement, front and rear rotors have the 

same speed but left and right rotors have different amounts of 

speed. If the left rotor increases (decreases) its speed, the right 

rotor decreases (increases) its speed simultaneously. 

Therefore, the quad-rotor helicopter rotates (or rolls) left and 

right. Fig 4 shows a simple diagram of roll movement as 

distinguished by the length of each straight arrow. It is clear 

that the front and rear arrows have the same length, but the 

left and right arrows have different lengths. 

 
Fig. 4: Quadcopter Schematic (Pitch Movements) 

 Yaw Movement 

In case of yaw movements, the front-rear rotors have the same 

speed and the left right rotors have same speed but each pair 

of rotors have different amounts of speed. If the front-rear 

rotor pair decreases (increases) its speed, then the left-right 

rotor pair increases (decreases) its speed simultaneously. 

 
Fig. 5: Quadcopter Schematic (Yaw Movements) 

IV. STABILITY ANALYSIS OF A QUADCOPTER USING BODE 

PLOT  

The quadcopter is a nonlinear dynamics multi-input-multi-

output (MIMO) system with four input forces enables it for 

rolling, pitching and yawing movements. The mathematical 

modeling of the quadcopter has been formulated in the state 

space framework and linearized in its equilibrium points. This 

linearized state space modeling has been used for stability 

analysis of the quadcopter using bode plot or converts this 

state model into the transfer function and checking the 

stability of each transfer function by calculating the gain 

margin and phase margin form bode diagram in MATLAB. 

For input 1, all three transfer functions are 0. The bode plots 

are obtained for input 2, 3 and 4. The Bode plots for all nine 

transfer functions are shown in Fig. 6. 

 
(a) 
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(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

 
(g) 
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(h) 

 
(i) 

Fig. 6: Bode diagrams of Quadcopter 

It is clearly evident from the outcomes of the 

magnitude and phase plot of the bode diagram that out of nine 

magnitude plots six magnitude plots have infinity gain 

margin means the system will never become unstable anyhow 

in the future, no matter how much gain will increase or the 

margin to reach the verge of instability is infinity. It is also 

observed from the bode plot that out of nine bode diagram 

three phase plots have -1800 phase margin means each 

transfer functions consists two poles at the origin and it 

contributes instability for the system. Finally, it has been 

concluded from the above simulation results that the overall 

linearized system is unstable. 

V. CONCLUSION 

This project focused on two important control problems to 

find out the more conductive solution for the quadcopter, 

namely, stability analysis and implementation of the 

appropriate control law in order to perform the optimum 

control performance. Two different scenarios of stability 

analysis have been performed in simulation studies to obtain 

information about the stability of the system. At the first stage 

of the stability analysis, nonlinear state model of the 

quadcopter is transformed into a linear state model around the 

desired equilibrium point at  and analyse the stability of the 

linear state model using bode plot. At the next stage, the 

Lyapunov-Krasovskii Method of stability analysis is 

implemented directly to the nonlinear state model of the 

quadcopter. It is clearly evident from the outcomes of the 

stability analysis that the system is entirely unstable. 

Performance of the proposed control laws has been studied in 

the simulation environment. PD and PID controller have been 

incorporated in the forward path of the closed-loop system to 

stabilize the output response of the candidate system. During 

the simulation, it has been considered that at a time one 

reference input signals are applied to the system and it has 

been observed that, for both the controller (PD and PID), 

when roll angle is applied as a reference input signal only roll 

angle output reaches the steady-state value. Pitch and yaw 

angle did not reach the steady-state value.  Similarly, when 

the pitch angle is applied as the reference input signal, pitch 

angle output reach the steady-state value but roll angle 

exceeding the final steady-state value and yaw angle not 

reach the steady-state value. Finally, for yaw angle reference 

input yaw angle output reaches the steady state and other two 

outputs exceed the steady-state value. However, it should be 

kept in mind that the proposed control law is capable to 

ensure the stability of the system moderately. Finally, to 

conclude that this project is not only analysis the stability of 

the nonlinear quadcopter but also implement the most popular 

control law to stabilize the system partially   

REFERENCES 

[1] S. Kurakand M. Hodzic, “Control and Estimation of a 

Quadcopter Dynamical Model,” Periodicals of 

Engineering and Natural Sciences,vol. 6, No. 1, p.63-75, 

Mrach 2018. 

[2] S.M.Oh, “Modeling and Control of a Quad-rotor 

helicopter,” M.S. thesis, University of Florida, 2012. 

[3] T. Luukkonen, “Modelling and control of quadcopter,” 

Research project in applied mathematics, Aalto 

University, 2011. 

[4] Y.I. Jenie, “Autonomous Conflict Detection and 

Resolution for Unmanned Aerial Vehicles,” doctoral 

thesis, Institute Technology Bandung, 2017. 

[5] R. A. Bhosale and d. Padmanabhan, “Mathematical 

modeling and simulation of quadcopter-UAV Using PID 

Controller,” IOSR Journal of Engineering,p. 29-36, 

2018. 

[6] . Tahir, M. Jamil, S. A. Liaqat, L. Mubarak, W. Tahir and 

vS.O. Gilani, “State space system modeling of a quad 

copter UAV,” Indian Journal of Science and 

Technology, vol. 9, No. 27, p.1-5, 2016. 

[7] G.E. Murthi, “Quadcopter flight mechanics model and 

control algorithms,” Diploma thesis assignment, Czech 

Technical University, 2016. 

[8] S. Kumar, R. K. Sankaralligam, “Design and control 

implementation of quadcopter,” International Journal of 

Mechanical and Production Engineering, vol. 4.no.5, p.- 

69-72. 

[9] A. Dharmawan, A Ashari and A. E.Putra. “Qyadrotor 

flight stability system with Routh stability and Lyapunov 

analysis”, Proc. of   AIP Conference Proceedings, 2016.  

[10] D. A. Aziz, “The stability analysis of robust quadcopter 

control system,”Int. Journal of Scientific & Engineering 

Research, vol.9, No.7, p. 1540-1547, 2018. 



Stability and Control of Quadcopter 

 (IJSRD/Vol. 7/Issue 03/2019/482) 

 

 All rights reserved by www.ijsrd.com 1918 

[11] D. Lee and T. C. Burg, “Lyapunov- based control of 

unmanned aerial vehicle designed via stability analysis,” 

Nova Science Publication, 2015. 

[12] M. hedayatpour, M. Mehrandezh and F. J. Sharifi, “A 

unified approach configuration- based dynamic analysis 

of quadcopters for optimal stability,” IEEE/RSJ 

International Conference on Intelligent, 2014. 

[13] M. W. Mueller and R. d. Andrea, “Stability and Control 

of a quadcopter despite the complete loss one, two or 

three propellers,” IEEE International Conference on 

Robotics & Automation, Hong Kong, China 2014. 

[14] N. H. Addas and A. R. Sami, “ Tuning of PID controllers 

for quadcopter system using   hybrid memory based 

gravitational search algorithm- particle swarm 

optimization,” International Journal of Computer 

Applications, vol. 172, No. 4. p. 9-18, 2017. 

[15] C. Balas, “Modeling and Linear control of a quadcopter,” 

M.Sc thesis, Cranfield University, 2007. 

[16] I.J. Nagrath and M.Gopal, “Control System 

Engineering,” New Age International Publishers, India, 

5th edition, 2008.  


