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Abstract— This paper presents PD tuning approach using
characteristic ratio assignment (CRA) method for Parrot
rolling spider mini-drone quadrotor altitude control system.
The aim of this study is to examine the PD controller design
and parameter tuning for achieving six degrees of freedom
motion control. The CRA technique has been used for
determining the proper controller parameters based on the
selection of the characteristic polynomial coefficients of the
closed loop system conform to the specified the performance
criteria. The altitude control simulations applied to Parrot
rolling spider mini-drone quadrotor system so that investigated
the performance of the proposed controller deign scheme. The
results clearly exposed that the control system is fairly stable
and out performance, likewise has the effectiveness of
controller’s parameters adjustability.

Index Terms— Parrot rolling spider mini-drone, Quadrotor,
Altitude Control, Characteristic Ratio Assignment, PD Tuning

I. INTRODUCTION

HE quadrotor unmanned aerial vehicles (UAVs) are
widespread interest due to the usefulness for many
applications for instance, mobile measurement [1],
surveying and inspection [2-3], agriculture [4-5],
environment monitoring [6-7], disaster rescue [8]. As well
as several control theories have been applied to the UAVs
motion control for improving their performance and
robustness. Fractional order PID was applied for UAV roll
control [9]. A Fuzzy complementary Kalman filter (FCKF)
data fusion algorithm was introduced to estimate the altitude
of the UAV landing mode [10]. The discrete-time sliding
mode control (DSMC) was applied to small quadrotor UAV
system for evaluating the performance of the position and
altitude tracking control [11]. Cascade iterative feedback
tuning technique was implemented as the algorithm for of
roll and pitch controllers tuning [12].
This paper presents PD tuning approach using
characteristic ratio assignment (CRA) technique for Parrot
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rolling spider mini-drone quadrotor altitude control system.
The aim of this study is to examine the PD controller design
and parameter tuning for achieving six degrees of freedom
motion control. The CRA technique has been used for
determining the proper controller parameters based on the
selection of the characteristic polynomial coefficients of the
closed loop system conform to the specified the
performance criteria [13]. The impact of CRA lies in the
simplest adjusting the parameters of PID, PD, PI controller
which are able to improve the performance of control
system such as decreasing percent overshoot or settling time
[14-15].

The altitude control simulations and experiments applied
to Parrot rolling spider mini-drone quadrotor system so that
investigated the performance of the proposed controller
deign scheme The rest of this paper is organized as follows:
The Parrot rolling spider mini-drone quadrotor with its
mathematical dynamic modeling is described in the section
2; The details of characteristic ratio assignment method
applied to PD controller design are demonstrated in the
section 3; The simulation included with the results and
discussions are illustrated in section 4; while the
conclusions are presented in the section 5.

II.DYNAMIC MODELING

Fig. 1. Parrot Mini-drone.

The Parrot rolling spider mini-drone quadrotor built by a
French company consisted of four DC motors, four
propellers, electrical board and X type frame. Fig. 1 shows
Parrot mini-drone while Fig. 2 shows the quadrotor
reference frame and Euler Angles.
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From Fig. 2, the mini-drone quadrotor is controlled by a
thrust and a torque created from the angular speed of DC
motors which produce specified roll torque, pitch torque,
yaw torque and the main thrust so that generate translation
and rotation of quadrotor motion.
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Fig. 2. Quadrotor Reference Frame and Euler Angles.

The dynamic modeling of mini-drone quadrotor is based
on Newton—Euler formulation. Using the analysis of
translational equations of motion and rotational equation of
motion, the state vector is derived and definite the relation
of the parameters as shown below.
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where x,y,z are position of quadrotor in the X,Y,Z axis.
6,0, are rotation of quadrotor in roll, pitch and yaw
respectively. x,y,z are acceleration of quadrotor in the
X,Y,Z axis. p,q,r are angular body rates. U, is the input
vector from thrust force. m is a mass of quadrotor. g is the
acceleration of the gravity. I, (i =X, y,Z) is the total

moment of inertia of the X,Y,Z axis of quadrotor, J is the
total moment of inertia of the propeller.

The control input (Ui) of quadrotor consists of four

inputs as [U U, U, U 4]T which is thrust force, roll torque,

pitch torque, yaw torque respectively.

U =K, (Q+Q+Q}+Q}) (15)
U,=K,(-Q +Q; +Q} -Q}) (16)
Uy =K, (-0} -0} +Q} + Q) (17)
U, =K, (Q -0} +Q} -} (18)

where € _, is the angular speed of the propeller (1~4).

III. CHARACTERISTIC RATIO ASSIGNMENT METHOD

The implementation of characteristic ratio assignment
method (CRA) is proposed in [13]. The relations of
parameters in closed-loop characteristic equation are
derived and expressed the advantage for damping ratio and
time constant adjustment.

The relation of characteristic equation can be illustrated
as follow.

p(s)=as" +a, " +...+as+a,, Ya >0 (19)
Where, the characteristic ratio is given by,
2 2
a a a
a=—— a=">, ..., a, =—2+— (20)
aya, a,a, a,.,4,
The time constant is given by
a
r=21 21
a,

where 7 is time constant. & is characteristic pulsatances.
Defining the value of ¢, is conformed to the rule of Lipatov

and Sokolov [13] so that retains the system stability which
is given by,

a,a;,, >1.4656,i=1,2,...,n-2 (22)
@, >21.12374¢;,i=2,3,...,n—2 (23)
o=t g = (24)

a; .—1
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Regarding the adjusting a speed response of control
system, the CRA method can be adopted by changing a
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value of time constant as following.

0.3571s+15.87

G,.(s) e (34)
G, (s)= k"a, 25) To design PD controller in (35) using CRA technique, the
k as"+ka, s""+.. +k"as+k"a, diagram of control system is shown as Fig. 4.
1 q
et 26)  Gu(s)=K,;s+K, (35)
4

The transfer function in (36) is the closed loop transfer

The time constant is able to change as shown in equation function of plant and PD controller.

(26) by an adjustment of the constant & .

To adjust the damping ratio so that improve the maximum G (S)
overshoot of control system, the CRA method enables o
controller tuning by the adjustment of one parameter that ()_3571](0132 + (15_87Kd +0.3571K, )S +15.87K,
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The simulations are carried out using MATLAB/Simulink Environment
models for designing and validating the proposed control Copyign 20132018 The Mo,

technique. Fig. 3 depicts the airframe Simulink block of  Fig. 3. Quadrotor Flight Simulation System.

quadrotor dynamic model discussed in Section II as well as

included the flight control system (FCS) block, sensors D)

block, environment block and virtualization block which is gy T+ E [Ea] ;/L
-y

used to implement the dynamics and kinematics of the — L e 5o o,
h . . At - A5 A

quadrotor discussed in Section II. £

The FCS block in Fig, 3 consists of PD altitude controller
that is design using CRA algorithm. Regarding the steady-
state trimmed-flight conditions, state-space matrices of  Fig. 4. Block Diagram of Control System.
altitude control loop are shown as

1 0 G,(s)G,(s5)=
h oy Or(0:(0)
0.005 1 15.87K,
0.07937 0 (0.3571K, +1)s” +(15.87K,, +0.3571K,, )s +15.87K,

1 0.001984 (38)
C= [0 1] @D Using CRA techniques, starting with defining time constant
D =[0] (32) () and characteristic ratio (¢, ).
The 0.005 sec sampling period conform to discrete and
continuous transfer function as (33-34) respectively. 7=05, o, =1.8 (39)

0.001984z—-0.001587

G,,(s)= i (33)

' z-=2z+1
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The parameter of PD controller (K 2Ky ) can be calculated

for equating characteristic ration and CRA parameters. The

values of (Kp K, ) are shown as

P
K,==— — 2 (40)
T°py —TO4 Py, T O P
a, —1tp, K
K, =200 (41)
TPy — & p,

In case of time constant and percentages of maximum
overshoot varying for adjusting the settling time of output
response, k factor is used for calculating the proper values

of PD controller (K p,K 4 ) as shown in Table I and Table II
respectively.
TABLEI

EFFECTS OF PD GAINS ON THE ALTITUDE RESPONSE
WITH TIME CONSTANT VARYING

k K, K, t.(s)

0.65 0.33 0.19 2.7322

0.8 0.51 0.24 2.6584

1 0.82 0.30 2.5467

1.1 1.01 0.33 2.2132

1.35 1.56 0.41 2.0256
TABLE II

EFFECTS OF PD GAINS ON THE ALTITUDE RESPONSE
WITH PERCENTAGE OF MAXIMUM OVERSHOOT VARYING

k K, K, %M,
0.65 0.51 0.19 26.5548
0.8 0.64 0.23 12.4563
1 0.82 0.30 4.6845
1.1 091 0.33 0.6666
1.35 1.15 0.42 0.0000
TABLE III
PARAMETERS USED FOR THE QUADROTOR
Parameter Symbol  Value Units
Mass m 0.068 kg
Thrust K 0.0107 Ns?
constant ¢
Torque K 07836—3 Nmsz
constant "
Inertial I, 0.0686e-3 0 0 kmg®
matrix I
I,vy ’ 0 0.092¢—3 0
= 0 0 0.1366e—3
Distance d 0.0624 m
between rotor
and center of
mass
Time constant varying
k*p,o
K,==— P 2. 2 (42)
T°p, —kta,pyp, +k o, p,
ko, —tp K
Kj=——"1" (43)
Tp, —ka, p,

Percentages of maximum overshoot varying
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K, = K pyey (44)
P 2.2 —k _ k 24k
T Py o pyp, —Tpy P, + K py + KT PP,
ko, —tp K
K, zl—pll’ (45)
Tp, —ka,p,

Table III demonstrates a summary of the physical
parameters used for the MIT Parrot mini-drone quadrotor.
The parameters are used in MATLAB/Simulink models in
Fig. 3. Then simulate the results from designed PD
controller so that received the validation of output response
as shown in Fig. 5~7

B. Results and Discussion

All the time domain Simulink simulations were carried
out in 10 sec duration for each model. The responses, using
the various k CRA Parameters, are shown in the Fig. 5-7.

The PD gains (K P,K d) in this study were obtained by

adjusting the various valued of k to obtain the satisfactory
time constant and percentage overshoot.

Table I shows the effect of the PD Gains on the altitude
response in case of time constant variation. By the value of
k CRA Parameters, the settling time will be decreased when
k is increased. Table II shows the effect of the PD Gains
on the altitude response in case of percent overshoot
variation. By the value of & CRA Parameters, the percent
overshoot will be decreased when & is increased.

Altitude Response @ Nominal Parameter Kp=0.8 Kd=0.3
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Fig. 5. Altitude Control: Step Response.
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Fig. 6. Effect of £ on the time constant varying.
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In this paper, PD tuning approach using characteristic
ratio assignment (CRA) method is presented. The proposed
controller design scheme is applied to mini-drone quadrotor
system to achieve the performance and robustness of control
system. The controller design of the proposed system has
been derived, and the effective performance has been
validated via MATLAB simulation performed with Parrot
rolling spider mini-drone quadrotor system. The results
demonstrated that the proposed approach is the effective
scheme for improving the performance of UAVs altitude
motion control.

In future the authors will design non-linear controller
using sliding mode control technique and implement in
mini-drone. Performance, in terms of efficiency and
accuracy, will then be compared of controllers such as
traditional PD controller.
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