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Abstract - UAV have been increasingly developed in war wide. The LQR controller for Small UAV is designed in this 
paper. The Linear Quadratic Regulator (LQR) design for analyzing the stable condition of UAV is very important role in 
unmanned system with optimal control. Unmanned Aerial Vehicle (UAV) will be designed by LQR controller.  A controller 
is designed based on Linear Quadratic Regulator Theory by using “LQR” and “regulator” functions from MATLAB.  The 
MATRIX function is used to evaluate the dynamic stability of the aircraft model. Linear and non-linear controllers for the 
stabilization of attitude of the vehicle and control of its altitude have been designed and implemented via simulation. The 
design process and tools investigated in this paper allow the designer to obtain the LQR controller, model the closed-loop 
plant/controller system, and evaluate the controller’s performance using MATLAB.  There are three situations to test the 
stability analysis with open-loop, without noise condition and with additional noise condition. Using this model, the control 
system response to commanded inputs and external disturbance must be evaluated. 
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I. INTRODUCTION 
 
Unmanned aerial vehicle (UAV) designed for various 
missions such as surveillance, exploration of disasters 
and reconnaissance missions. UAVs are being used in 
research and development works in the aeronautical 
field. For test purposes, the use of UAV as small-scale 
replicas of projected civil or military designs of 
manned aircraft enables airborne testing to be carried 
out, under realistic conditions, more cheaply and with 
fewer hazards. Novel configurations may be used to 
advantage for the UAV. These configurations may not 
be suitable for containing an aircrew. 
 
The modern battlefield has increasingly progressed 
towards the use of automated systems and remotely 
controlled devices to perform a variety of missions. 
From surveillance to weapons delivery and bomb 
damage assessment, the human operator is being 
removed from the direct danger of a hostile 
environment and placed in a position of evaluating 
data received via RF or fiber optic link. The direct and 

obvious benefits of such an arrangement are the 
reduced risk to the operator .and the reduced cost of 
the unmanned sensor platform as compared to 
traditional manned platforms. 
 
Nant Deborah Sein is with the Technological 
University (Hmawbi) (corresponding author to 
provide e-mail: deborahsein.deborah@ gmail.com). 
Dr. Yin Yin Soe is with the Technological University 
(Hmawbi)(corresponding author to provide e-mail: 
dr.yin2soe@ gmail.com). 
 
The Linear Quadratic Regulator (LQR) controller 
design for analyzing the stable condition of UAS is 
very important role in unmanned system with optimal 
control. The block diagram of LQR controller for 
UAV is shown in Fig1. In this block diagram, the 
UAS needs the controlled variable by using LQR 
controller for UAV stability analysis. The 
measurement unit for system is to adjust the 
controlled variable output of that system. 

 

 
 

Figure1. Block Diagram of LQR Control System for UAV 
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II. DYNAMIC MODEL OF THE SMALL UAV 
 
The dynamic model for the Small UAV has been 
simplified into longitudinal effects only for this 
control design. 
The Small UAV can sense only two of its four states: 
velocity and pitch rate. In order to properly simulate 
that effect, the addition of an observer was necessary 
in the LQR controller design. The details of the 
dynamic model of the Small UAV and the design 
objectives follow. This research covers the design 
process, performance results, system stability for 
LQR controller designs. 
Based on the theoretical background on the Small 
UAV, there are three SIMULINK model to analyze 
the LQR controller design. The first simulation result 
is to analyze the open-loop response for LQR 
controller design; the second one is to investigate the 
LQR controller design without noise and the third 
simulation is to examine the actual responses for 
LQR controller design. The simulation results are 
developed according to the thrust and velocity 
condition of Small UAV. The thrust saturation and 
elevator saturation are supported to investigate the 
LQR controller response of Small UAV. 
The values provided in the state space model are 
based on an aircraft speed of 25 m/s at an altitude of 
60 m. The states for this system are velocity (V, m/s), 
angle of attack (θ, deg), pitch rate (q, deg/s), and 
pitch angle (α, deg). The inputs to the system are 
thrust (N) and elevator angle (deg). 
Small is a typical example of UAV that used in 
military application. It can be able to perform not 
only the surveillance and reconnaissance missions but 
also the attack missions. It was extensively used in 
the attack during the Afghanistan War against the 
terrorists. 
 

 
Figure2. Proposed UAV Model 

 
III. CONTROLLER DESIGN EQUATIONS 
 
A. State-Space Controller Design 
 
ẋ=Ax+Bu 
y=cx 

where the states, x, and inputs, u, are defined 
symbolically by; 

x=
V
α
q
θ

 

u= δthrust
δelevator

 

 

A=
-0.1470 11.0767 0.0841   -9.8065
-0.0316 -7.1712 0.8282    0

0
0

-37.3527
0

-9.9628  0
1             0

 

 

B=
0.06 3/1000

1/10000 1/100000
0
0

0.98
0

 

 
C= 1 0 0 0

0 0 1 0  
 
The matrices A,B, and C are combined to make up 
the following state space system 
 
The objectives of this control design are to stabilize 
the given system with a velocity step input of 10 m/s 
while minimizing the rise time, percent overshoot, 
and steady state error. Additionally, the design must 
take into account the actuation limits given for the 
thrust and elevator, as well as sensor noise for the 
velocity and pitch rate. These actuation limits and 
noise limits are given below. 
Actuation Limits: 
δthrust = ±200N 
δelevator = ±30deg 
δthrust rate = ±200N/s 
δelevator rate = ±300deg/s 
Sensor Noise Limits: 
Velocity Noise = ±0.4m/s 
Pitch Rate Noise = ±1.7deg/s 
 
B. Linear Quadratic Regulator (LQR) 
LQR control is considered a robust control method 
since noise in the state and output equations are 
explicitly considered. Furthermore, quantitative 
information about the noise is used in the controller 
design. The state space model of the plant is 
 
ẋ (t)=Ax(t)+Bu(t)+ ξ (t), 
y(t) = Cx(t) + θ(t)  (5) 
 
where ξ (t) and θ(t) are random noises in the state 
equation and the output measurements, respectively. 
Assume that ξ (t) and θ(t) are zero mean Gaussian 
random processes with covariance matrices given by 
 
E[ξ(t)ξT(t)]= ≥ 0, E[θ(t)θT(t)]= > 0 
 
where E[x] denotes the mean value of x and E[xxT] is 
the covariance matrix of the zero mean Gaussian 
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signal x. The random signals ξ (t) and θ(t) are further 
assumed to be mutually independent, i.e., E[ξ 
(t)θT(t)]= 0. The performance index for optimal 
control is defined as 
 

J=E [zT(t)Qz(t)+uT(t)Ru(t)]dt
∞

0
 

 
where z(t) = Mx(t) is the linear combination of state 
vector x(t) with M defined by the user to measure the 
performance. The constant weighting matrices Q and 

R are, respectively, a symmetrical semi positive-
definite and a symmetrical positive-definite matrix, 
that is, 
 
Q = QT ≥ 0, R = RT > 0 
 
The LQR problem can be divided into the following 
two sub problems: 

 The LQ optimal state feedback control 
 The state estimation with disturbances 

 
IV. SIMULATION MODEL OF LQR CONTROLLER DESIGN 
 
The performance of the open loop configuration as plotted in Figure 3 and it shows that the SIMULINK model 
for open-loop condition. 
 

 
Figure 3. SIMULNIK Model for LQR Controller Design for Open-loop Condition 

 
Based on this model, the goal of the controller implementation are to maintain system stability, while decreasing 
rise time, settling time, and percent overshoot. A significant difference in the open and closed loop systems is 
that the open loop system is not affected by sensor noise since no feedback loop exists in that system. The 
closed loop system is greatly affected by the sensor noise which will negatively impact the stability of the 
system. The closed loop controller design must overcome the effects of added noise in the system, which is 
shown in figure 4 and figure 5. 
 
 

 
Figure 4. LQR Controller Design without Noise Effect 
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Figure 5. Completed LQR Full State Feedback Controller Implementation 
 
V. SIMULATION RESULTS 
 
The first simulation result is to analyze the open-loop 
response for LQR controller design. 
The simulation results for thrust saturation are 
illustrated in Figure 6. In these results, there are three 
portions to analyze the thrust saturation such as thrust 
limit input, thrust limit output, and thrust rate limit 
response with respect to time. The range to 
simulation time is ten seconds. The first response of 
thrust limit input for open loop condition gives 
rapidly increase from initial point to 1800Nm thrust 
force for Small UAV. The second response of thrust 
limit output for open loop condition provides the 
steady state response for Small UAV. The third 
response of thrust rate limit response for open loop 
condition offers the limited value of steady state 
response for Small UAV. 
 

 
Figure6. Screenshot Results of Thrust Saturation for Open 

Loop Condition 
 
The imitation results for elevator saturation are 
illustrated in Figure 7. In this result, there are three 
portions to analyze the elevator saturation such as 

elevator limit input, elevator limit output, and 
elevator rate limit response with respect to time. The 
range to simulation time is also ten seconds. The first 
rejoinder of elevator rate limit output for open loop 
condition gives rapidly increase from initial point to 
1700Nm for Small UAV. The second rejoinder of 
elevator limit output for open loop condition provides 
the steady state response for Small UAV. The third 
rejoinder of elevator limit input for open loop 
condition offers the limited value of steady state 
response for Small UAV. 
 

 
Figure7. Screenshot Results of Elevator Saturation for Open 

Loop Condition 

 
Figure8. Screenshot Results of Velocity Output for Open Loop 

Condition 
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The screenshot result of velocity output for open loop 
condition is illustrated in Figure 8. The performance 
of the full state feedback controller with the given 
design parameters in the previous section was very 
good. The system was first analyzed without the 
addition of noise. The velocity response in this case 
resulted in a fall time of 2.5 seconds and no 
overshoot. 
 
The pitch rate response had a small oscillation in the 
beginning resulting in an initial value. The pitch rate 
settling time was still improved to about 10 seconds. 
The screenshot result of pitch rate output for open 
loop condition is shown in Figure 9. The screenshot 
result of LQR controller response for open loop 
condition is also mentioned in Figure 10. 
 

 
Figure9. Screenshot Results of Pitch Output for Open Loop 

Condition 
 

 
Figure10. Screenshot Results of LQR Controller Response for 

Open Loop Condition 
 
The second simulation is to examine the actual 
responses for LQR controller design. The simulation 
results for thrust saturation for actual LQR controller 
design are illustrated in Figure 11. In these results, 
there are three portions to analyze the thrust 

saturation such as thrust limit input for actual LQR 
controller design, thrust limit output for actual LQR 
controller design, and thrust rate limit response for 
actual LQR controller design with respect to time. 
The range to simulation time is ten seconds. The first 
response of thrust limit input for actual LQR 
controller design gives rapidly increase from initial 
point to 100000Nm thrust force for Small UAV. The 
second response of thrust limit output for actual LQR 
controller design provides the steady state response 
for Small UAV. The third response of thrust rate limit 
response for actual LQR controller design offers the 
limited value of steady state response for Small UAV. 
 

 
Figure11. Screenshot Results of Thrust Saturation for LQR 

Controller 
 

 
Figure12. Screenshot Results of Elevator Saturation for LQR 

Controller 
 
The imitation results for elevator saturation for actual 
LQR controller design are illustrated in Figure 12. In 
this result, there are three portions to analyze the 
elevator saturation such as elevator limit input for 
actual LQR controller design, elevator limit output 
for actual LQR controller design, and elevator rate 
limit response for actual LQR controller design with 
respect to time. The range to simulation time is also 
ten seconds. The first rejoinder of elevator rate limit 
output for actual LQR controller design gives rapidly 
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increase from initial point to 100000Nm for Small 
UAV. The second rejoinder of elevator limit output 
for actual LQR controller design provides the steady 
state response for Small UAV. The third rejoinder of 
elevator limit input for actual LQR controller design 
offers the limited value of steady state response for 
Small UAV. 
 
The screenshot result of velocity output for actual 
LQR controller design is illustrated in Figure 13. The 
performance of the full state feedback controller with 
the given design parameters in the previous section 
was very good. The system was analyzed with the 
addition of noise. The velocity response in this case 
resulted in a fall time of 4 seconds and no overshoot. 
 

 
Figure13. Screenshot Results of Velocity Output for LQR 

Controller 
 
The pitch rate response had a small oscillation in the 
beginning resulting in an initial value from -1 to 1. 
The pitch rate settling time was still improved to 
about 10 seconds. The screenshot result of pitch rate 
output for actual LQR controller design is shown in 
Figure 14. The screenshot result of LQR controller 
response for actual LQR controller design is also 
mentioned in Figure 15. 
 

 
Figure14. Screenshot Results of Pitch Rate Output for LQR 

Controller 

 
Figure15. Screenshot Results of Actual LQR Controller 

Response 
 
In Fig 15, there are three responses to demonstrate the 
actual LQR controller design analysis. The red color 
says the desired level for pitch rate response. The 
green color response is to mention the predicted pitch 
rate for applying the LQR controller for proposed 
UAV model. The red color response is to point out 
the velocity response for affecting the LQR controller 
design. The fluctuation amount is between -1 to 1 in 
this response due to the quadratic section only. The 
range is acceptable for LQR controller design 
analysis. The small amount of fluctuations in these 
responses are enlarged the specified region within the 
auto scale range from scope of SIMULINK. The 
responses of using LQR controller are regulated 
based on the quadratic and regulator sections of the 
controller transfer function. 
 
CONCLUSION 
 
In this research, LQR controller design for Small 
UAV is implemented. Based on the theoretical 
knowledge, the actual control systems are simulated 
by using MATLAB/ SIMULINK model design. 
According to the results, the performance 
specification are reached and matched with the actual 
system. LQR controller design for Small UAV is 
designed to meet the target points and data by 
numerical calculation using MATLAB. Finally, the 
performance evaluation of LQR controller design for 
Small UAV has been implemented by the necessary 
control technology and analysis. 
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