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Abstract – This paper investigated the design of a proportional-integral-derivative (PID) controller for Micro Unmanned
Air Vehicle (Micro-UAV). Micro-UAV considered in this paper is a vertical takeoff and landing (VTOL) type UAV. By
designing the best PID controller, the stability of the system can be obtained. Designing PID controller or tuning the PID
parameters has been done using heuristic and Ziegler Nichols method. In comparison to the conventional heuristic and
Ziegler Nichols method, an auto tuned PID has been devised by implementing an iterative learning algorithm (ILA). So,
the parameters of PID are not constant because affected by disturbance act on the system.
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Off and Landing.

in Eq. (1). The critical part of designing the PID controller
is to choose the value of its’ parameters [3].

1 Introduction
Unmanned aerial vehicle (UAV) has become more
important for surveillance and army purpose in recent
years. There are a huge number of UAV that are currently
exists and being used in different fields. These include the
fixed-wing and rotary-wing unmanned aircrafts, and
micro unmanned aerial vehicle (Micro-UAV). MicroUAV has exactly the same concept with others UAV but
smaller in size [1].
This research considered the Ducted Fan vertical
takeoff and landing (VTOL) UAV which can, not only
vertically take off and land, but also hover. This type of
UAV can be controlled due to the two counter rotors and
four control surfaces (vanes) submerged in the slipstream
flow from ducted fans in as depicted in Figure 1 [2].
Similar to VTOL aircraft, dynamic instability is the
major problem faced by the Micro-UAV. The most
critical part is take-off and landing time. Different with
normal aircraft, VTOL aircraft’s take-off or landing
mechanism is using the lift of rotating wing or blade. The
lift produce will counter the gravitational force, hence the
vehicle will move upward vertically.
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Figure 1 Ducted Fan VTOL UAV

PID controller is a closed-loop control system based on
the error between the actual and the reference values. This
error will be corrected by PID transfer function as shown
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The actuator disc theory is use to study the effect in the
ducted fan. The Bernoulli’s equation is applied. The
spinning ranges of two fans in the duct are seen as the two
disks area, as show in Figure 5. The thrust produced can
be obtained as the product of the pressure distribution
over the disk area [4]. The thrust of rotor is given by Eq.
(4).

2 The dynamic of Micro-UAV
Blade element theory is similar to the strip theory in fixed
wing aerodynamics. The blade is assumed to be made of
several infinitesimal strips of width ‘δr’ as shown in
Figure 2. The lift and drag are estimated at the strip using
2-D airfoil characteristics of the airfoil as shown in Figure
3.
Eq. (2) is used to calculate lift for the whole blade. By
integrating (2), the total lift of the rotating lift can be
simplified as shown in eq. (3) where Ad is the area of disk
as shown in Figure 4.
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Figure 5 Airflow for ducted fan

The dynamic equation can be derived by using the
aerodynamic force and moment. The force and moment
derivation can be simplified as described in the following.

Figure 2 Blade (top view)

Thrust equation:
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Figure 3 Blade (side view)
.

Velocity exit:
2

v e  v 0  v 0 
Figure 4 Helicopter with area of disc blade
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Yawing moment equation:

Therefore, the controller is crucial to ensure the system’s
stability.

d 2
dt 2
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Rolling Moment Equation [5]:
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Figure 6 Yawing and thrust model within Matlab
SIMULINK block diagram

and, Pitching Moment Equation [5]:
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3 Dynamic modeling and simulation of
Micro-UAV
The important part to be controlled in this Micro-UAV
system is the counter rotating blade propulsion. The
relationship between thrust and yawing moment is shown
in Eqs. (5) and (6) [5, 6].
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The dynamic modeling and simulation of the propulsion
system is developed within Matlab SIMULINK
environment as shown in Figure 6. The result of the
dynamic modeling via Matlab SIMULINK simulation is
as shown in Figure 7. It can be seen that, without
controller, an undamped oscillation responses occurred.
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Figure 7 Thrust and yaw angle responses of the Micro
UAV without controller
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3.1 PID Controller development using Ziegler Nichol
Method
There are four major transient and steady state
characteristics of closed-loop step response to be
considered in determining the PID controllers’ gains, KP,
KI and KD [7].
a)

Rise Time: times taken by the system output
archive 90% of the desired for the first time.

b)

Overshoot: difference value between peak value
and steady state. Normally is higher.

c)

Settling Time: time taken by the system to
converge into steady state.

d)

Steady-state Error: the difference between output
and desired value in steady-state.

Figure 6 Micro UAV yawing and thrust model with PID
controller

Table 2 Zeigler Nichols Rules

The changing of the PID controllers’ gains will affect the
entire characteristic above. It can be simplified as shown
in Table 1.

P
PI

Table 1 The effect of increasing the PIDs’ parameters to
the output responses’ characteristics.
Respond

Rise Time

Overshoot

Settling
Time

Steady
state
error

Kp

Decrease

Increase

NT

Decrease

Ki

Decrease

Increase

Increase

Eliminate

Kd

NT

Decrease

Decrease

NT

PID

Kc

i

Ku
2
Ku
2.2
Ku
1.7

pu
1.2
pu
2

pu
8

where τi is the integral time constant and τd is the
derivative time constant. Two sets of PID controller gains
have been obtained using Ziegler Nichol method as
follow:
PID 1:

Ziegler Nichols is the most popular method to tune
PID parameters. By using Ziegler Nichols, the
proportional gain KP, is assumed as ultimate constant, Ku.
Then, Ku is initially set to be 1. Then, by increasing the
value of Ku until a sustained periodic oscillation is
obtained. The frequency obtained from the step result is
known as the ultimate frequency, Pu. Then, the parameters
of PID controllers can be determined using the Ziegler
Nichols rules shown in Table 2 [8]. PID Controller is
added into the system as a closed-loop system controller
along with the actuator as shown in Figure 6.
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PID2:

K p  Kc 

i 

method of Ziegler Nichols Rule is not suitable for this
dynamic system.

76
 63.333
1.7

Another important consideration that can improve the
performance of PID controller is by assuming a multipleinput-multiple-output (MIMO) system. However, for
MIMO system, two PID controllers must be tuned
simultaneously.

2.2
2.2
 1.1  d 
 0.275
2
8
,

K i  K p i  63.3331.1  69.6663

3.2 PID Controller development using heuristic
tuning method

K d  K p d  63.333 0.275  17.4166

The results of these PID tuned by Ziegler Nichols are as
shown in Figure 7.

Heuristic (try and error) method is another method can be
used to tune the PID parameters. There are three steps to
tune the PID parameters that will relate to the system
response [8]:
a) KP to decrease the rise time.
b) KD to reduce the overshoot and settling time.
c) KI to eliminate the steady-state error
PID parameters tuned using Heuristic Method is as
tabulated in Table 3 and the best performance of the tuned
PID controller is a shown in Figure 8.

Table 3 PID parameters using Heuristic Method

Kp 1
1
10
10
5
5
5
5
5
5
5
5

Figure 7 Thrust and yaw angle responses of the Micro
UAV with PID controller tuned by Ziegler Nicols method

From Figure 7, it can be seen that the respond for
dynamic system with PID controller is diverging
oscillation. This indicates the system is in dynamic
unstable condition. Therefore, it can be concluded that the
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Ki 1
0
0
0
0
0
0
0
0
1
10
20

Kd 1
0
0
0
0
1
10
20
10
10
10
10

Kp 2
1
10
100
100
100
100
100
100
100
100
100

Ki 2
0
0
0
0
0
0
0
0
1
10
5

Kd 2
0
0
0
0
1
10
20
30
30
30
30
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3.3 Auto Tuned PID Controller using iterative
algorithm.
Auto Tune PID is a modification of the existing PID
controller that can make PID parameters auto-tuned using
algorithm such as Iterative Learning Algorithm or Genetic
Algorithm. This auto-tuned PID is crucial to ensure the
performance and the stability of the controller remains the
same even there are any changes or disturbances applied
to the system.

Figure 9 Iterative Learning concepts

Figure 8 Thrust and yaw angle responses of the Micro
UAV with PID controller tuned by heuristic method

Iterative Learning Control (ILC) is one of the method
or algorithm that can be used to design the Auto Tune
PID. In ILC, the equation can be written as eq. (7) and
illustrated in Figure 9 [9, 10].

The performance of PID tuned by heuristic method
can be seen clearly from Figure 8. The PID controller has
the ablity to control the output response according to the
desired signal with an acceptable settling time. However,
heuristic method’s drawback is the amount of time
required to tune the controller parameters manually.
Besides, the controller parameters need to be tuned again
if there are any changes or disturbances applied to the
Micro UAV system. For real time implementation, due to
the nonlinearity of the system, manual tuning of the PID
controller is almost impossible to be done.
An auto tuned PID controller strategy need to be
devised in order to ensure the controller can automatically
adjust itself and can be used even if there are any changes
or disturbance applied to the system.

ISBN: 978-1-61804-173-9

uk 1  uk  ek  ek    ek dt

(7)

where Φ, Γ, and Ψ are learning gain matrices and ek=uk-yk.
Equation (7) is applied to the defined PID controller
(in Eq. (1)), thus, the auto-tuned PID parameters can be
defined as in Eqs. (8), (9), and (10) [11]. Figure 10 shows
the Iterative Learning for PID controller and Figure 11 is
block diagram in SIMULINK [12].

Kp
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Ki t 1  Ki t  et  et    et dt i
K d t 1  K d t  et  et    et dtd

(9)
(10)

A disturbance signal as shown in Figure 12 is applied
to the Micro-UAV system. The performance of Autotuned PID overcoming this disturbance is as shown in
Figure 13. It can be seen clearly that Auto tune PID has a
remarkable performance to control and stabilized the
system. Therefore, Auto-tuned PID using iterative
learning algorithm has indicated its capability to solve the
problem encountered by the Micro-UAV.

Figure 12 Disturbance signal

Figure 10 PID with ILC diagram

Figure 11 SIMULINK model of Auto-tuned PID using
ILC
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Figure 13 Thrust and yaw angle responses of the Micro
UAV with disturbance using ILC Auto-tuned PID
controller
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