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Abstract: The paper presents the analysis on stability of digital control system for unmanned vehicle with numerical 

analysis. The objective of this study is mainly emphasized on the fulfillment of the advanced control techniques according to 

the fundamental concepts of digital control system approaches for unmanned aerial vehicle system design. The targeted 

unmanned aerial vehicle system was designed based on the simple construction under the idea of fixed wing flight system 

approaches. The stability analyses on unmanned aerial vehicle are vital role to enhance the real world applications. The 

background concepts on digital control system for stability analysis on dynamic control system like unmanned aerial vehicle 

system. The appropriate controller design for dynamic control system of unmanned aerial vehicle is vital role to analyze the 

accurate stability condition for reality. The implementation of numerical analysis on compensator design has been developed 

by using MATLAB. The physical parameters in these analyses are based on the experimental outcomes from the recent 

research works in dynamical system implementations. The mathematical approaches are very helpful for numerical analysis on 

compensator design for the unmanned aerial vehicles schemes. The simulation results confirm that the high performance 

stability test on unmanned aerial vehicle system has been met with the theoretical works. 
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1. Introduction 

Unmanned aerial vehicles (UAV) are attractive 

progressively more prevalent as they can be used in a 

extensive assortment of areas. The technology convoluted is 

presence uninterruptedly established and its price is 

persistently diminishing [1]. Whenever open-source 

developments are presence conceded by research clutches 

and gradually evidence can be established on the internet, 

specified by Radio Control devotee societies. 

In the UAV field of interest, of the four diverse 

classifications, it is micro and mini that ensure 

experimentation a superior development. Although 

multirotors are the greatest widespread, glider UAVs have 

supplementary benefits as their self-sufficiency is better. That 

is why they are applied in area for recognition or to extent 

additional places that multi-rotors cannot [2]. 

The fixed wing structural design has been preferred as it is 

tranquil to preserve than a unadventurous aircraft, and 

supplementary strong in circumstance of devastating. 

Customarily the tail agonize the wickedest portion, as the 

association to the central frame is fragile [3-5]. 

Concerning mechanism for management, it is thought-

provoking subsequently, in contradiction of the 

unadventurous structural design, where there are numerous 

control surfaces, in a fixed wing UAV we can individual 

control the flap glance in a symmetric or asymmetric method, 

dependent which stability is to be organized [6-10]. 

The research in this study is mainly targeted on the 

development of appropriate controller or compensator design 

for fixed wing unmanned aerial vehicle system based on 
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digital control techniques. The specific objective is to 

enhance the stability technique for dynamic control system 

for unknown body in the floating condition. 

The rest of the paper is organized as follows. Section II 

presents the background concepts on unmanned aerial 

system. Section III mentions the implementation of research 

studies. Section IV discusses the results of the analyses. 

Section V concludes the results of the studies. 

2. Background Concepts on Fixed Wing 

UAV and Digital Control 

The background concepts on digital control system are 

related to pulse transfer function consideration and analysis. 

The Fixed-wing Unmanned Aerial Vehicles (FUAVs) have 

developed significant exceeding the quadrotors in remote 

sensing applications, fastidiousness agriculture, and 

reconnaissance. This is because of its aircraft survival, 

extensive hovering periods, extraordinary speeds and energy 

proficiency. Owing to the essential non-linearity 

circumstance of fixed-wing UAVs, nominal control requisite 

to be realistic to this sort of UAV consequently this is a 

theme that remnants presence an experiment. In this study we 

recommend a complete controller design that accomplishes 

to stabilize the FUAV in a circumstance obligatory to 

complete assessment and reconnaissance undertakings. Full 

control is well-defined as it can steady the UAV at several 

anticipated situation and velocity enchanting the finest angle 

of attack and aerodynamics [11-12]. 

2.1. Concepts of Digital Control System 

A digital control system could be represented by the block 

diagram shown in Figure 1. In this system, we could specify 

the exact elements of that control system. The reference input 

is r (t) and the controlled variable or output is C (t). There 

have been four blocks in this system. The digital controller 

block, the zero order hold, the plant and the sensor block are 

very important portion in the digital control system. The 

combination of digital controller and zero order hold is called 

the microprocessor of that system. According to the sample 

periods of T, the error signal e (t) could be made the discrete 

parameters of error signal e* (t) by using the sampler. After 

the output of the digital controller, the input signal u*(t) of 

zero order hold would be created. And then the output of zero 

order hold would be u (t) or control input of the plant. The 

concepts of digital control system are very fashionable for 

stability analysis of that system. 

 

Figure 1. Digital Control System. 

2.2. Concepts of Pulse Transfer Function 

The consideration on error sampled system shown in 

Figure 2. Since there is no sampler between G (s) and H (s) 

in the closed-loop system shown in Figure 1, it is a similar 

arrangement to that shown in [1]. 

From the closed-loop transfer function concepts, the 

closed-loop pulse transfer function can be written as 

C

R
�z�= G(z)

1+GH(z)
	                                   (1) 

In equation (1) 

GH (z)=Z{GH (s)}                             (2) 

 

Figure 2. Closed-loop Error Sampled System。 

The consideration on the error and the output sampled 

system is shown in Figure 3. In Figure 3, there is now a 

sampler between G (s) and H (s), which is similar to the 

open-loop system with sampled system. From the closed-

loop transfer function equation, the closed-loop pulse transfer 

function is now written as 

C

R
�z�= G(z)

1+G�z�H(z)
                                 (3) 

 

Figure 3. Closed-loop Error and Output Sampled Systems. 

3. Implementation 

Based on the mathematical model of the dynamic control 

system of unmanned aerial vehicle is expressed in Figure 4. 
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When the controller gain K is unity and the sampling time is 

0.5 seconds, we have to consider the open-loop pulse transfer 

function, the closed-loop pulse transfer function, the 

difference equation for the discrete time response, the unit 

step response assuming zero initial conditions and the steady 

state value of the system output. 

 

Figure 4. Digital Control System of Unmanned Aerial Vehicle. 

According to the physical parameters from the block 

diagram in Figure 4, 

G�s�=K �1-e-Ts

s
� � 1

s�s+2��                             (4) 

Given K=1, 

G�s�=	1-e-Ts
 � 1

s2�s+2��                             (5) 

Based on the partial fraction expansion, 

1

s2�s+2�= �A

s
+

B

s2
+

C

�s+2��                          (6) 

or 

1=s (s+2) A+ (s+2) B + s
2
 C                          (7) 

Equating coefficients gives 

A=-0.25 

B=0.5 

C=0.25 

Substituting these values into equation (5) and (6) 

G�s�=	1-e-Ts
 �-0.25

s
+

0.5

s2
+

0.25

�s+2��                     (8) 

or 

G�s�=0.25	1-e-Ts
 �-1

s
+

2

s2
+

1

�s+2��                   (9) 

Taking z-transforms 

G�z�=0.25	1-z-1
 � -z

(z-1)
+

2Tz

(z-1)
2 +

z

�z-e-2T�             (10) 

Given T=0.5 second 

G�z�=0.25 �z-1

z
 � -1

(z-1)
+

2×0.5

(z-1)
2 +

z

	z-0.368
� 	             (11) 

Hence 

G�z�=0.25	z-1
 �-1	z-1
	z-0.368
�	z-0.368
+	z-1
2

	z-1
2	z-0.368
 �          (12) 

G�z�=0.25 �--z2+1.368z-0.368+z-0.368+z2-2z+1

	z-1
	z-0.368
 �               (13) 

which simplifies to give the open-loop pulse transfer function 

G�z�= � 0.092z+0.066

z2-1.368z+0.368
 	                            (14) 

The closed-loop pulse transfer function, from equation (3) 

is 

C

R
�z�= � 0.092z+0.066

z2-1.368z+0.368
�

1+� 0.092z+0.066

z2-1.368z+0.368
�                            (15) 

which simplifies to give the closed-loop pulse transfer 

function 

C

R
�z�= 0.092z+0.066

z2-1.276z+0.434
                           (16) 

or 

C

R
�z�= 0.092z-1+0.066z-2

1-1.276z-1+0.434z-2
	                        (17) 

Equation (5) can be expressed as a difference equation 

c (kT)=1.276c (k-1) T-0.434c (k-2) T+0.092r (k-1) T+0.066r 

(k-2) T (32)                               (18) 

Using the difference equation (18), and assuming zero 

initial conditions, the unit step response would be shown in 

Figure 5. The response is constructed solely from the 

knowledge of the two previous sampled outputs and the two 

previous sampled inputs. 

Using the final value problem given in theoretical concepts, 

c�∞�= limz→1 ��z-1

z
 C

R
�z�R(z)�                   (19) 

c�∞�= limz→1 ��z-1

z
 0.092z-1+0.066z-2

1-1.276z-1+0.434z-2
� �

z-1
�           (20) 

c�∞�= 0.092+0.066

1-1.276+0.434
=1.0	                       (21) 

Hence there is no steady state error. 

4. Results and Discussions 

The simulation results on zero steady state error with the 

help of numerical analysis. The unit step response is very 

important to analyze the stability test of digital control 

system. The target level is 10 arbitrary units for various 

sampled time from 1 to 4.5 sampled seconds. According to 

the numerical analysis on stability test and unit step response 

on the dynamic control system of unmanned aerial vehicle 

system, the summary of stability test depend only on the 

steady state error. At present, the control system analysis has 

been met with zero steady state error of the proposed system. 

Figure 5 demonstrates the unit step response of unmanned 

aerial vehicle system. 
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Figure 5. Unit Step Response of Unmanned Aerial Vehicle System. 

5. Conclusion 

The stability test for digital control system is very 

important for unmanned aerial vehicle system based on 

numerical analysis. The dynamic control system of 

unmanned aerial vehicle is developed with appropriate digital 

controller design. The proposed methodology of compensator 

design for digital control system of unmanned aerial vehicle 

is useful for real applications because of the consequence of 

the analysis. The simulation results for stability analysis are 

significant impact on dynamic modeling of unmanned aerial 

vehicle. The numerical analysis on stability test on dynamic 

control system proves that the high performance stability 

criteria have been met with the actual control system. This 

research could solve the unexpected problems for stability 

test of unmanned aerial vehicle based on the digital control 

system point of view. 
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