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Abstract— Fuzzy logic is a logic with a degree of
vulnerability ranging from 0 to 1. Fuzzy logic is used to convert
a quantity into language. It is used as a control system because
it is a versatile and simple control process that does not require
complex mathematical models. The paper aimed to present a
fuzzy control system implemented in a rocket tracking control
system as the controller because it could work well on non-linear
systems and offered convenience in program design. The fuzzy
control system worked to keep the rocket on track and travel at
a fixed speed. The signal from the fuzzy logic control system
served to control the rocket thrust. However, the process of the
fuzzy logic control system isslow and time-consuming, not
proper for the onethat required rapid control, such as
rockets, and is not applicable for tracking ramp and parabolic
signals. The fuzzy logic, therefore, was modified by adding
second-order integral control. The proposed algorithm showed
that, by adding second-order integral control, the rocket glided
12.78m at 12 seconds with a steady-state error of 0.78 according
to the setpoint of ramp path 12 m; 10.68m at 10 seconds with a
steady-state error of 0.68 according to the setpoint of ramp path
10m; and 4.689m at 4 seconds with a steady-state error of 0.689
according to the setpoint of ramp path 4m. In accordance with
the parabolic path, the rocket glided 15.47m at the 4th minute
with 0 steady-state error.

Keywords— second-order integral control; FLC; Ramp;
Parabolic

l. INTRODUCTION

Fuzzy logic is an improvement over Boolean logic, which
has something in common with partial truth. Fuzzy logic can
be useful for determining a value between 0 and 1. Fuzzy
logic is not the same as classical logic. Fuzzy logic deals with
inequality, uncertainty, and partial truth. It is this reason that
makes it easier to implement fuzzy logic control for linear
models compared to other conventional control techniques.
Fuzzy logic has been widely applied in the automatic and
industrial control field, including image processing, motor,
robot, and aircraft controls. It can simulate human experience
about the best way to control the system without requiring
accurate model equations and handle problems in a system. It
also offers a solution for uncertainty by mimicking the human
experience in the form of rules to control a system
automatically.

Fuzzy logic methods have been researched, such as
optimized aco algorithm fuzzy pid controller for load
frequency control in multi-area interconnected power
systems by G. Chen. [1]. The UUV track tracking control
based on backstepping shear mode with fuzzy diverting

reinforcement in the dive field by Yang [2]. Fuzzy based
super-twisting shear mode stabilization control for driven
rotary reverse pendulum system by Nguyen [3]. experimental
investigation of the fuzzy adaptive global shift mode control
of a single-phase shunt active power filter by Hou [4] and
fuzzy reinforcement scheduling and feed-forward control for
the chlorination process of drinking water treatment plants
(DWTP) investigated by Gamiz [5].

You investigated adaptive fuzzy control for a nonlinear
state limited system with unknown input delay and control
coefficient [6]. Tang studied a control strategy based on the
fuzzy Takagi-Sugeno model for variable stiffness and
variable damping suspension [7]. Yang examined Fuzzy PI
based on EKF sensor speed control, optimal control of power
from direct drive power system [8]. Oliveira designed online
neuro-fuzzy controller robust stability [9]. Tran researched
adaptive fuzzy control method for single tilt tricopter [10].

Extended Fuzzy Adaptive Event Trigger Compensation
Control for Unspecified Nonlinear Systems with Input
Hysteresis was investigated by Huang [11]. High Order Shift
Mode Backward Step Control for Classes of Unknown Pure
Feedback Nonlinear Systems was investigated by Liu [12].
Fuzzy Type Fast Terminal Shift Mode Controller for Pilot
Solenoid Valve Pressure Control in Automatic Transmission
was investigated by Fan [13]. Shear Impedance Mode
Control with Adaptive Fuzzy Compensation for Robot
Environment Interaction was investigated by Hu [14]. Actor-
Critic Reinforcement Learning Control from a Dynamic Non-
Strict Feedback System Nonaffine was investigated by Bu
[15].

Sadeq used the optimal control strategy to maximize
electric vehicle hybrid energy storage system performance
considering topographical information [16]. Rezk designed
and implemented new MPPT control method based on fuzzy
logic for photovoltaic applications [17]. Liu investigated
adaptive fuzzy control for generalized projective
synchronization of the fractional-order extended hindmarsh-
rose neuron [18]. Xuw studied fuzzy controller for
autonomous vehicles based on coarse sets [19]. Wu examined
fuzzy cmac based adaptive scale force control of
exoskeletons weight support [20].

Autonomous mobile target tracking for fuzzy-pi based
UAV quadcopter was investigated by Rabah [21]. direct
current motor speed control using ANFIS-based hybrid
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configuration controller P-1-D was investigated by Guo [22].
Multi-stage shift control scheme for electrical mechanical
transmission: design and experiment was researched by Bao
[23]. Static Output Feedback Control for Fuzzy Systems with
stochastic fading channels and actuator errors was
investigated by Chen [24]. Input-to-state stabilization of
uncertain parabolic PDE using observer-based fuzzy control
was investigated by Kang [25].

Liu investigated allocation of strong power for femtocell
networks using fuzzy estimation of dynamic channel status
[26]. X. Liu studied fuzzy-set theory-based optimal robust
design for permanent magnet linear motor position tracking
control [27]. Wu researched cross-domain grain data usage
control services for industrial wireless sensor networks [28].
Zhao studied fuzzy logic-based coordinated control of a
battery energy storage system and a distributed generator for
microgrids [29]. Kuo examined the development of an
automatic emotional musical accompaniment system with
fuzzy logic and an adaptive partitioning evolutionary genetic
algorithm [30].

Fuzzy logic control algorithms have been widely used for
robot control and other equipment control. Tracking control
has been applied to the Quadrotor based on the research that
has been mentioned. The authors proposed a rocket tracking
control method using fuzzy artificial intelligence control
algorithms to optimizes the member set error for a faster rise
time.

Il. ROCKET MODELING

The electric ducted fan (EDF) rocket is a flying object in
the shape of a bullet using a shrouded electric motor as the
propulsion shown in Figure 1. Four EDF motors were used as
the rocket thrusts. The rocket was controlled autonomously
to determine the rocket's attitude towards Earth's gravity and
Earth's magnetism. The control system was required to
control the four rocket propulsion engines. The EDF rocket
system was a non-linear system with rotors at each end,
resembling a quadrotor [31] which was modeled using Euler
angles to have six degrees of freedom defined by twelve
states.

Fig. 1. Missile modeling with Euler angles

Model representation of the rocket system x =
x ¥y z 6 6 ¢ x y z p ¢ 7T of al 12
equations does not linear can be formulated as
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where cg=cosg, Cp = COSy, Cg = COSg, Sg = sing, s(p:sin(p,
and sy = sing.

11, CONTROL STATEGY

This paper presents rocket tracking control using a
modified fuzzy algorithm, while the rocket-controlled system
is non-linear. A method is needed to linearize the system, to
facilitate controls. The non-linear model of the rocket was
then linearized at the equilibrium point so that the system can
be processed in a linear model. In linearizing, we must find
the equilibrium point of the rocket, so that it can be written as
0 = f(X(a,B,7,6)). So that the 12 non-linear equations can
be written,

X, =% =x,=0 (13)
X, =y =xg=0 (14)
X3 = Z = x9=0 (15)
Xy =0 = x0+ Sy bxgX11 + Cx by X12 =0 (16)
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If it is assumed that the equilibrium point is located at
several positions in the Cartesian coordinates (x, y, z) and at
several positions of the yaw angle defined as x; = a, x, = S8,
x3 =y, and x, = &, then the value of all state equations at
this equilibrium point is, X (a, 8,y, §), o it can be written as,
X1=Q, X% =0,%=Y,%=0,x=0, xs =6, x, =0,
X3 =0,%=0,x7=0%x,=0,andx;, =0

The following is the representation of the state equation
and the system output.

x = Ax + Bu,

y = Cx + Du, (25)

where matrices A and B are obtained using the Jacobi
linearization method. Matrices A and B are derived partially
on the nonlinear model.

—EMMﬁwm . A

IX(a B.v,68)
, (26)
IX(a By, 5)J

|¥3wwﬁ%®.u Ofiz

ofy 0fi

au, |X(a,B,v,6) m|x(a’, B.v.5) o
B = : : .

9f12 9f12
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Then, we get the A4 and B matrices

O(exe) I(6x6)

A=100ex3) Ngexzy Oexi . (28)
0 Li6xe)
(4x6)

Meanwhile, N and M can be defined as:

0 —g
Ny = [g J] (30)
b b b b7
m m m m
, _d4 - db
Iy Iy
Muxay =1 gp . db . (31)
Iy Iy
kK k k k
L, T, 1 I,

The output of the quadrotor model can be defined by the
y vector as follows:

y=[x ¥y z ¢]. (32)

so that the matrix C and D can be written as

Caxaz = é((31);33)) (L)((f::)) ' (33)
D=o. (34)

with
Laxy=[1 1 1.0 0 1 0 0 0] (35)

Thus, the rocket linearization model is

X = A12x12X + Biaxall, (36)

Y = Cuxi2X. (37)

With linearization using equilibrium, all state equations
except x, Y, z, and yaw were assumed to have minute values.
Then, the inputs for all four motors were assumed to have the
same speed so that the MIMO system could be simplified into
a SISO system by using the rate of change in altitude and
altitude. The equation is formulated as follows [32].

X'3 =z= Xg (38)

1
t= 2= g -~ T(cy,cs,). 9)

Then, the equation of the state of the quadrotor altitude
system can be defined as follows

5(19 = A,gx + B,gu.

y = Cyx. (40)
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where the value of x4 =[5 X%o]T,x =[X3 X9], Ay =
0 1 1o _

0 0]’ By = [—417]’ and Cy = [1 0]and the transfer
function of z can be defined by the following equation.

—4v

v (41)
S

Gs) =

This paper presents the rocket tracking control for
tracking ramp and parabolic input signals. A block diagram
of rocket tracking control was designed using equation 41.
Figure 2 illustrates the first design. The figure shows that the
artificial intelligence control is the FLC control modified into
proportional control and derivative control [32]. The output
from the fuzzy control was added up and then entered into the
throttle.

FLCD

Input

. ¢
Signal FLCP > Missile

Fig. 2. Modified FLC control block diagram

Figure 3 illustrates the designs for the two rocket tracking
control systems. The modified FLC is combined with the
integral FLC, which is used for rocket tracking control, as
seen in the figure. The integral FLC, the modified FLC
summing, then enters into the throttle.

Y

FLCD

Input

Signl Missile

= FLCPI

Integrator st FLCT1

Fig. 3. Integral FLC block diagram

Figure 4 illustrates the third design of the rocket tracking
control. The modified FLC is coupled with the second-order
integral FLC for rocket tracking control. The output of the
modified FLC adds up to the integral FLC 1 and the integral
FLC 2, then enters the throttle.

The design of the four-rocket tracking control is
illustrated in Figure 5. The modified FLC control was
combined with the second-order integral fuzzy logic
controller and the proportional control for rocket tracking
control.

The figure shows that there is one proportional controller,
two integrator controllers, and four fuzzy logic algorithm
controls, namely proportional fuzzy logic controller 1 (FLC
P 1), fuzzy logic controller derivative 1 (FLC D 1), the

integral fuzzy logic controller 1 (FLC I 1), and integral fuzzy
logic controller 2 (FLC | 2). It is seen in the figure that the
fuzzy logic controller has an input and an output.

Input
Signal

Missile

Integrator

Integrator

Fig. 4. Block diagram of the second-order integral FLC

\]

FLCD

Input

Sianl Missile

FLCP1

Integrator

Integrator = FLCIT1

Fig. 5. Block diagram of the second-order integral FLC

The rocket tracking control proposed in this study used a
fuzzy logic controller algorithm with a 3x3 rule base. The
design of the fuzzy rule base used a lockup table 9 rules to
determine decisions presented in Table 1. The table presents
two inputs, namely input 1 and input 2. Input 2 has the same
value as 1. The input and output have three membership
functions, namely NS, Z, and PS for the input and POSITIVE,
ZERO, and NEGATIVE for the output.

TABLE |. BAsIC RULES OF FUzzy LOGIC CONTROLLERS

INPUT 1

NS Z PS

1 POSITVE | POSITVE NOL
POSITVE | NOL NEGATVE
1 NOL NEGATIVE | NEGATVE

INPUT 2

[N

Figure 6 illustrates the proportional fuzzy logic controller
input variables, where the range of the speaker inputs NS, Z,
and PS are [-1 1]. The fuzzy set for the three membership
functions of NS, Z, and PS are [-2.727 -1.818 -0.9091 0], [-
0.9303 -0.02116 0.8879], [0 0.9091 1.818 2.727],
respectively.

Figure 7 shows the proportional fuzzy logic controller
output variables, with NEGATIVE, ZERO, and POSITIVE
as the speaker inputs. The fuzzy sets for NEGATIVE, ZERO,
AND POSITIVE membership functions are [-363.6 -181.8 -
90.90],[-90.9 090.9], and [0 90.9 181.8 272.8], respectively.
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Fig. 6. Designing the FLCP input variable proportional

FIS Variables
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908.6 -454.6 0], [-454.6 0 454.6], and 0 454.6 908.6 1364],
respectively.

FIS Variables

m NE_C

Derivatif  SPEED

Membership function piots  Plot points: 181

ATIVE ZERO POSITIVE

output variable "SPEED”

Fig. 9. FLCD variable speed input design

B

Proposional SPEED

2l <

output variable "SPEED"

Fig. 7. Design of FLCP variable speed output

Figure 8 illustrates the derivative fuzzy logic controller
input variables, where the range of the speaker inputs NS, Z,
and PS are [-0.5 0.5]. The fuzzy set for the three membership
functions of NS, Z, and PS are [-1.2 -0.8 -0.4 0], [-0.4 0 0.4],
and [0 0.4 0.8 1.2], respectively.

FIS Variables Membership function plots  Plot points: 181
N5 7 pS
Yn !
AN
Derivatif  SPEED
[
L L L ki I 1 1 I |
03 02 01 0 01 02 03

input variable "Derivatif"

Fig. 8. Designing FLCD variable derivative input

The output variables of the fuzzy logic controller are
shown in Figure 9, where the speaker's inputs are
NEGATIVE, ZERO, and POSITIVE. The fuzzy set for
NEGATIVE, ZERO, AND POSITIVE membership
functions is [-363.6 -181.8 -90.95 0], [-90.95 0 90.95], and [0
90.95 181.8 272.8], respectively.

Figure 10 illustrates the integral 1 fuzzy logic controller
input variables, where the range of the speaker inputs NS, Z,
and PS are [-0.5 0.5]. The fuzzy set for the three membership
functions of NS, Z, and PS are [-1.2 -0.8 -0.4 0], [-0.4 0 0.4],
and [0 0.4 0.8 1.2], respectively.

Figure 11 shows the output variables of a derivative fuzzy
logic controller, where the speaker's inputs are NEGATIVE,
ZERO, and POSITIVE. The fuzzy set for NEGATIVE,
ZERO, AND POSITIVE membership functions is [-1819 -

FIS Variables Membership function plots ~Plot points: 181
H] 7 PS
Vx 1
5
Integral  SPEED
1 1 1 1 i I i f -
3 02 01 0 01 02 03

input variable "Integral”

Fig. 10. The design of the FLCI1 integral variable input

FE Variables Membership function piots  Plot points: 181
m NEGATIVE ZERO POSITIVE
Integral ~ SPEED

| | I | T 1 I 1
400 -300 -200 -100 O 100 200 300 400

uutp;u'tvaria‘hle"SPEng'
Fig. 11. Design of FLCI1 variable speed input

The design of the integral 2 fuzzy logic controller variable
input is shown in Figure 12. The speakers for the NS, Z, and
PS input ranges are [-0.5 0.5]. It can be seen that there are
three membership functions, namely NS, Z, and PS. The three
membership functions each has a fuzzy set, namely NS with
domain [-1.2 -0.8 -0.4 0], Z with domain [-0.4 0 0.4], and PS
with domain [0 0.4 0.8 1.2].

The design of the derivative fuzzy logic controller
variable output is shown in Figure 13, which shows that the
NEGATIVE, ZERO, and POSITIVE input speaker universes
have a range value of [-500 500]. From the figure, it can be
seen that there are three membership functions, namely
NEGATIVE, ZERO, and POSITIVE. The three membership
functions each have a fuzzy set, namely NEGATIVE having
a domain [-1819 -908.6 -454.6 0], NOL having a domain [-
454.6 0 454.6], and POSITIVE having a domain [0 454.6
908.6 1364].
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Fig. 12. The design of the FLCI2 integral variable input
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output variable "SPEED”

Fig. 13. Design of FLCI2 variable speed output

V. RESULTS AND ANALYSIS

In this paper, the fuzzy logic control algorithm used for
rocket tracking control was simulated using Corke's [31]
simulator with specifications presented in Table 2. The rocket
mass was 4 kg, the constant thrust 1.2953x10°° Kg.m, and the
drag constant 1.0368 x 107 Kg.m. It was tested at the
gravitational acceleration of 9.8m/s2. The parameters in the
simulator were adjusted, such as setting the initial position of
the rocket in the XY (-1,0) position, to simulate tracking
rocket control.

A. Observation of the rocket without disturbance

The experiments were carried out using Iswanto's
modified fuzzy control without wind disturbances [32]. The
rocket was placed on the z-axis at 0.15 m, and the x and y
axes are in the initial position (0,0). In the first experiment,
the Rocket was set to track the ramp signal without
interference at the z-axis shown in Figure 14.

TABLE II. MODEL ROCKET PARAMETERS
Parameter | Value Unit Remark
G 9.81 m/s? Gravitational speed
M 434 Kg Rocket mass
B 1.2953 x 10° | Kg.m | Thrust constant
K 1.0368 x 107 | Kg.m | Friction Constant
I, 0.082 Kg.m? | Moment Inertia of x-axis
I 0.0845 Kg.m? | Moment Inertia of y-axis
I, 0.1377 Kg.m? | Moment Inertia of z-axis

In all figure, three colors were used for the graph, namely
black, cyan, green, red, blue and magenta as shown in figure
13. Six graphs in the figure were the setpoint represented in

curve in red, the ez2 curve in blue, and ez3 curve in a
magenta. The FLC used for rocket tracking control was
represented by the pvzO curve, the integral FLC by the pvzl
curve, the second-order integral FLC with proportional
control by the pvz2 curve, and the PD by the pvz3 curve.

Tracking Rocket (Altitude Vs Time)
L PR AR R EEE LR SLEEE poonn-

w - e

60 é/

60

Set Point
disturbance
' pVZO
- ‘,‘  — vaW
é —— p"22

Altitude (m)

| ——pv,3

....................................

P1 | IR

0 10 20 30 40 50 60 70 80 90 100

Fig. 14. Design of tracking rocket ramp

The measurement result of the rocket altitude in Figure 14
is as follow. When it glided for 2 seconds with a setpoint
value of 2 meters, the altitude of the rocket measured by PD
on pvz3 was 0.4675, by the second-order integral fuzzy on
pvz2 was 1.466, by the integral fuzzy logic on pvzl was
1.178, and by the fuzzy logic controller on pvz0 was 0.6598.
When it glided for 4 seconds with a setpoint value of 4
meters, the altitude of the rocket measured by PD on the pvz3
graph was 2014, by the second-order integral fuzzy logic on
pvz2 was 4.279, by the integral fuzzy on pvz1 was 4.236, and
by the fuzzy logic controller on pvz0 was of 3.828.

When it glided for 6 seconds with a setpoint value of 6
meters, the altitude of the rocket measured by PD on the pvz3
graph was 3.974, by the second-order integral fuzzy logic on
pvz2 was 6.882, by integral fuzzy logic on the pvz1 6.97, and
by the fuzzy logic controller on pvz0 was 7.26. When it
glided for 8 seconds with a setpoint value of 8 meters, the
altitude of the rocket measured by the PD on pvz3 was 5,991,
by the second-order integral fuzzy logic on pvz2 was 8.765,
by integral fuzzy logic on pvzl was 8.863, and by the fuzzy
logic controller on pvz0 was 9.356.

When it glided for 10 seconds with a setpoint value of 10
meters, the altitude of the rocket measured by PD on pvz3
was 7.999, by the second-order integral fuzzy logic on pvz2
was 10.69, by integral fuzzy on pvz1 was 10.68., and by the
fuzzy logic controller on pvz0 was 11.11. When it glided for
12 seconds with a setpoint value of 12 meters, the altitude of
the rocket measured by PD on pvz3 was 10, by the second-
order integral fuzzy on pvz2 was 12.7, by the integral fuzzy
logic on pvz1 was 12.69, and by the fuzzy logic controller on
pvz0 was 12.7.
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When it glided for 14 seconds with a setpoint value of 14
meters, the altitude of the rocket measured by PD on the pvz3
graph was 12, by the second-order integral fuzzy on pvz2 was
14.71, by the integral fuzzy logic on pvz1l was 14.71, and by
the fuzzy logic controller on pvz0 was 14.65. When it glided
for 16 seconds with a setpoint value of 16 meters, the altitude
of the rocket measured by PD on the pvz3 graph was 1, by
the second-order integral fuzzy logic on pvz2 was 16.71, by
the integral fuzzy logic is on pvz1 was 16.71, and by the fuzzy
logic controller on pvz0 was 16.7.

In the first experiment, the error tracking vs time
relationship graph is shown in Figure 15. From this figure, it
can be seen that there are 4 graph curves, namely the ez0
graph curve shown in green, the ezl graph curve shown in
red, the ez2 graph curve. which is shown in a blue graph, and
a curve of the ez3 graph which is shown in a magenta color
chart.

Error Tracking Vs Time
15 T R [ LR oot TN

Error Tracking

% I T S S T N S A R
0 2 4 6 8 10 12 14 16 18 20
Time (s)

Fig. 15. Graph of the error tracking with the ramp signal time

The error tracking vs time graph in the first experiment is
shown in Figure 15. The measurement result of the rocket
steady state error is as follow. When the rocket glided for 2
seconds with a setpoint value of 2 meters, the steady state
error value measured by PD on ez3 1.5325, by the second-
order integral fuzzy logic on ez2 was 0.534, by the integral
fuzzy logic on ezl was 0.822, and by the fuzzy logic
controller on pvz0 was 1.3402. When rocket glided for 4
seconds with a setpoint value of 4 meters, the steady state
error value measured by PD on ez3 was 1.986, by the second-
order integral fuzzy logic on ez2 was 0.279, by the integral
fuzzy logic on pvzl was 0.236, and by the fuzzy logic
controller on ez0 was 0.172.

When rocket glided for 6 seconds with a setpoint value of
6 meters, the steady state error value measured by PD on ez3
was 2.026, by the second-order integral fuzzy logic on ez2
was 0.882, by the integral fuzzy logic on ez1 was 0.97, and
by the fuzzy logic on ez0 was 1.26. When rocket glided for 8
seconds with a setpoint value of 8 meters, the steady state
error value measured by PD on ez3 was 1.991, by the second-
order integral fuzzy logic on ez2 was 0.765, by the integral
fuzzy logic on ez1 was 0.861, by the fuzzy logic controller on
€z0 was 1.356.

When rocket glided for 10 seconds with a setpoint value
of 10 meters, the steady state error value measured by PD on
ez3 was 2.001, by the second-order integral fuzzy logic on
ez2 was -0.69, by the integral fuzzy logic is on ez1 was -0.68,
and by the fuzzy logic controller on ez0 was -1.11. When
rocket glided for 12 seconds with a setpoint value of 12
meters, the steady state error value measured by PD on the
ez3 curve was 2,000, by the second-order integral fuzzy logic
on ez2 was -0.7, by the integral fuzzy logic on ez1 was -0.69,
and by the fuzzy logic controller on ez0 was -0.7

When rocket glided for 14 seconds with a setpoint value
of 14 meters, the steady state error value measured by PD on
ez3 was 2,000, by the second-order integral fuzzy logic on
ez2 was -0.71, by the integral fuzzy logic on ez1 was -0.71,
and by the fuzzy logic controller on ez0 was -0.65. When
rocket glided for 16 seconds with a setpoint value of 16
meters, the steady state error value measured by PD on ez3
was 1.991, the second-order integral fuzzy logic on ez2 was
0.71, by integral fuzzy logic on ezl was 0.71, and by fuzzy
logic controller on ez0 was 0.7.

B. Observation of the rocket with disturbances

The second experiment set the rocket to track the ramp
signal with a disturbance on the Z-axis, as shown in Figure
16. The Measurement result of the rocket altitude is as follow.
The disturbance was given at the 10" second at the setpoint
of 10 m. The setpoints of 2, 4, 6, 8 meters without
disturbances generated the same result as the first experiment.
Given such disturbance, the altitude value measured by PD,
the second-order integral fuzzy logic the integral fuzzy logic,
and the fuzzy logic controller on pvz3, pvz2, pvz1, and pvz0
when it glided:

- for 10 seconds with a setpoint value of 10 meters were
7.999, 10.71, 10.68 and 11.11, respectively.

- for 12 seconds with a setpoint value of 12 meters were 10.
12.7,12.69 and 13.78.

- for 14 seconds with a setpoint value of 14 meters were 12,
14.71, 14.71, and 14.65.

- for 16 seconds with a setpoint value of 16 meters were 14,
16.71, 16.71, and 16.7.
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Fig. 16. Design of tracking rocket control with ramp input with disturbance

The error tracking vs time graph in the second
experiment is shown in Figure 17. The measurement result of
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rocket steady state error is as follow. When it glided for 2
seconds with a setpoint value of 2 meters, the steady state
error value for tracking rocket control measured by PD on ez3
was 1.5325, the second-order integral fuzzy logic on ez2 was
0.534, the integral fuzzy logic on ez1 was 0.822 and the fuzzy
logic controller on pvz0 was 1.3402.

When it glided for 4 seconds with a setpoint value of 4

meters, the steady state error value for tracking rocket

control measured

- PDonez3 was 1.986.

- the second-order integral fuzzy logic on ez2 was
0.279.

- the integral fuzzy logic on pvz1l graph was 0.236.

- the fuzzy logic controller on ez0 was 0.172.

when it glided for 6 seconds with a setpoint value of 6

meters, the steady state error value for tracking rocket

control measured by

- PD onez3 graph was 2.026.

- the second-order integral fuzzy on ez2 was 0.882.

- the integral fuzzy logic on ez1 graph was 0.97.

- the fuzzy logic controller on ez0 was 1.26.

When it glided for 8 seconds with a setpoint value of 8

meters, the steady state error value for tracking rocket

control measured by

- PDonez3 was 1.991.

- the second-order integral fuzzy on ez2 graph was
0.765.

- the integral fuzzy logic on ez1 graph was 0.861

- the fuzzy logic controller on ez0 graph was 1.356.

When it glided for 10 seconds with a setpoint value of 10

meters, the steady state error value for tracking rocket

control measured by:

- PDonez3 was 2.001.

- the second-order integral fuzzy on ez2 was 0.69.

- integral fuzzy logic on ez1 was -0.68.

- the fuzzy logic controller on ez0 was -1.11.

When it glided for 12 seconds with a setpoint value of 12

meters, the steady state error value for tracking rocket

control measured by

- PD graph ez3 was -0.27

- the second-order integral fuzzy logic on ez2 was -
0.89.

- the integral fuzzy logic on ez1 was 0.87.

- the fuzzy logic controller on ez0 was -1.19.

When it glided for 14 seconds with a setpoint value of 14

meters, the steady state error value for tracking rocket

control measured by

- PDgraphez3is1.27.

- the second-order integral fuzzy on ez2 was -0.75.

- using integral fuzzy logic on ez1 was -0.75.

- using the fuzzy logic controller on was €z0.

When it glided for 16 seconds with a setpoint value of 16

meters, the steady state error value for tracking rocket

control measured by

- the PD graph is shown in Figure ez3 at -1.89.

- the second-order integral on ez2 was 0.69.

- the integral fuzzy logic on ez1 was 0.69.

- the fuzzy logic controller on ez0 as large was 0.72.

Tracking Missile (Error Vs Time)
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Fig. 17. Design of tracking rocket control with ramp input with disturbance

The third experiment set the rocket to track the parabolic

signal without disturbances on the Z-axis, as shown in Figure
18. The measurement result of rocket altitude is as follow.
The altitude value measured by PD, the second-order integral
fuzzy logic, the integral fuzzy logic, and the fuzzy logic
controller on pvz3, pvz2, pvzl, and pvzO when the rocket
glided:

for 2 seconds with a setpoint value of 2.982 meters were
5716, 2.982, 0.5716, and 0.5716, respectively.

for 4 seconds with a setpoint value of 15.47 meters were
5.29, 15.47, 2.833, and 2.833, respectively.

for 6 seconds with a setpoint value of 35.7 meters
werel7.27, 35.7, 5.233, and 5.233, respectively.

for 8 seconds with a setpoint value of 62.91 meters
were37.22, 99.97, using integral fuzzy logic on pvz1l was
8.863, 9.356, respectively.

for 10 seconds with a setpoint value of 99.97 meters were
65.21, 99.97, was 10.03, and 10.03, respectively.

for 12 seconds with a setpoint value of 143.1 meters were
101.2, 143.1, 12.43, and 12.43, respectively.

for 14 seconds with a setpoint value of 195.2 meters were
145.2, 195.2, 14.83, and 14.83, respectively.

for 16 seconds with a setpoint value of 255.9 meters were
197.2, 255.9, 17.23, and 17.23, respectively.

Tracking missile {Altitude Vs Time)
LI =EEECEECCEEEELEECEECE R b e T T ]
Set Point : : : : : : :
350 disturbance ||t i i i A
pu 0

3g0 | —— PV
— 2
250] ——pu3

R N e

Altitude (m)

80 e
TP S N S ——

YRR N S 407 S WU WO S S

0 2 4 6 8 10 12 14 16 18 20
Time (s)

Fig. 18. Tracking rocket with parabolic input without disturbance

Iswanto, Second-order Integral Fuzzy Logic Control Based Rocket Tracking Control



Journal of Robotics and Control (JRC)

ISSN: 2715-5072 602

The error tracking vs time graph in the third experiment
is shown in Figure 19. The measurement result of the rocket
steady state error is as follow. When it glided for 2 seconds
with a setpoint value of 2.982 meters, the steady state error
value measured by PD on ez3 graph was 2.4104, by the
second-order integral fuzzy logic on ez2 was 0, by the
integral fuzzy logic on ez1 was 2.411, and by the fuzzy logic
controller on pvz0 was 2.411. When it glided for 4 seconds
with a setpoint value of 15.47 meters, the steady state error
value measured by PD on ez3 graph was 10.18, by the
second-order integral fuzzy logic on ez2 was 0, by the
integral fuzzy logic on ez1 was 12.637, and by the fuzzy logic
controller on pvz0 was 12.637.

When it glided for 6 seconds with a setpoint value of 35.7
meters, the steady state error value measured by PD on ez3
was 18.43, by the second-order integral fuzzy logic on ez2
was 0, by the integral fuzzy logic on ez1 was 30.467, and by
the fuzzy logic controller on pvz0 was 30.467. When it glided
for 8 seconds with a setpoint value of 62.91 meters, the steady
state error value measured by PD on ez3 was 25.69, by the
second-order integral fuzzy logic on ez2 was 0, by the
integral fuzzy logic on ezl was 55.277., and by the fuzzy
logic controller on pvz0 was 12.637, 55.277.

when it glided for 10 seconds with a setpoint value of
99.97 meters, the steady state error value measured by PD on
ez3 was 34.76, by the second-order integral fuzzy logic on
ez2 was 0, by the integral fuzzy logic on ezl was 89.94., and
by the fuzzy logic controller on pvzO was 89.94. When it
glided for 12 seconds with a setpoint value of 143.1 meters,
the steady state error value measured by PD on ez3 was 41.9,
by the second-order integral fuzzy logic on ez2 was 0, by the
integral fuzzy logic on ezl was 130.67., and by the fuzzy
logic controller on pvz0 was 130.67.

When it glided for 14 seconds with a setpoint value of
195.2 meters, the steady state error value measured by PD on
ez3 was 50, by the second-order integral fuzzy logic on ez2
was 0, by the integral fuzzy logic on ez1 was 180.37., and by
the fuzzy logic controller on pvz0 was 180.37. When it glided
for 16 seconds with a setpoint value of 255.9 meters, the
steady state error value measured by PD on ez3 was 58.7, by
the second-order integral fuzzy logic on ez2 was 0, by the
integral fuzzy logic on ezl was 255.9, and by the fuzzy logic
controller on pvz0 was 255.9.

Tracking control (Error Vs Time)

Error

Fig. 19. Graph of the error relationship to the time of the ramp signal

The fourth experiment set the rocket to track the parabolic
signal with wind disturbances on the Z-axis, as shown in
Figure 20. The measurement result of the rocket altitude is as
follow. The altitude value measured by PD, the second-order
integral fuzzy logic, the integral fuzzy logic, and the fuzzy
logic controller on pvz3, pvz2, pvzl, and pvz0 when the
rocket glided,

- for 2 seconds with a setpoint value of 2.982 meters were
0.5716, 2.982, 0.5716, and 0.57186, respectively.

- for 4 seconds with a setpoint value of 15.47 meters were
5.29, 15.47, 2.833, and 2.833, respectively

- for 6 seconds with a setpoint value of 35.7 meters were
17.27, 35.7,5.233, and 5.233, respectively.

- for 8 seconds with a setpoint value of 62.91 meters were
37.22,99.97, 8.863, 9.356, respectively.

- for 10 seconds with a setpoint value of 99.97 meters were
65.21, 99.97, 10.03, and 10.03, respectively.

- for 12 seconds with a setpoint value of 143.1 meters were
101.2, 143.1, 12.43, and 12.43, respectively.

- for 14 seconds with a setpoint value of 195.2 meters were
145.2,195.2, 14.83, and 14.83, respectively.

- for 16 seconds with a setpoint value of 255.9 meters were
197.2, 255.9, 17.23, and 17.23, respectively.
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Fig. 20. Rocket tracking control design with ramp input with disturbance

The error tracking vs time graph in the fourth experiment
is shown in Figure 21. There are four curves, namely the ez0
curve shown in green, the ezl curve in red, the ez2 curve in
blue, and ez3 curve in a magenta. The measurement result of
the rocket steady state error is as follow. When it glided for 2
seconds with a setpoint value of 2.982 meters, the steady state
error value measured by PD on ez3 graph was 2.4104, by the
second-order integral fuzzy logic on ez2 was 0, by the
integral fuzzy logic on ez1 was 2.411, and by the fuzzy logic
controller on pvz0 was 2.411. When it glided for 4 seconds
with a setpoint value of 15.47 meters, the steady state error
value measured by PD on ez3 graph was 10.18, by the
second-order integral fuzzy logic on ez2 was 0, by the
integral fuzzy logic on ez1 was 12.637, and by the fuzzy logic
controller on pvz0 was 12.637.

When it glided for 6 seconds with a setpoint value of 35.7
meters, the steady state error value measured by PD on ez3
was 18.43, by the second-order integral fuzzy logic on ez2
was 0, by the integral fuzzy logic on ez1 was 30.467, and by
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the fuzzy logic controller on pvz0 was 30.467. When it glided
for 8 seconds with a setpoint value of 62.91 meters, the steady
state error value measured by PD on ez3 was 25.69, by the
second-order integral fuzzy logic on ez2 was 0, by the
integral fuzzy logic on ezl was 55.277., and by the fuzzy
logic controller on pvz0 was 12.637, 55.277.
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Fig. 21. The graph of the error relationship to the time of the ramp signal
with the disturbance.

when it glided for 10 seconds with a setpoint value of
99.97 meters, the steady state error value measured by PD on
ez3 was 34.76, by the second-order integral fuzzy logic on
ez2 was 0, by the integral fuzzy logic on ezl was 89.94., and
by the fuzzy logic controller on pvz0 was 89.94. When it
glided for 12 seconds with a setpoint value of 143.1 meters,
the steady state error value measured by PD on ez3 was 41.9,
by the second-order integral fuzzy logic on ez2 was 0, by the
integral fuzzy logic on ezl was 130.67., and by the fuzzy
logic controller on pvz0 was 130.67.

When it glided for 14 seconds with a setpoint value of
195.2 meters, the steady state error value measured by PD on
ez3 was 50, by the second-order integral fuzzy logic on ez2
was 0, by the integral fuzzy logic on ez1 was 180.37., and by
the fuzzy logic controller on pvz0 was 180.37. When it glided
for 16 seconds with a setpoint value of 255.9 meters, the
steady state error value measured by PD on ez3 was 58.7, by
the second-order integral fuzzy logic on ez2 was 0, by the
integral fuzzy logic on ez1 was 255.9, and by the fuzzy logic
controller on pvz0 was 255.9.

V. CONCLUSION

The paper described the latest developments in rocket
tracking control. There are four tracking rocket controls
tested both with and without disturbances with ramp and
parabolic inputs using a fuzzy logic algorithm by combining
proportional control so that the rocket can glide according to
the parabolic and ramp trajectories. The proposed algorithm
shows that the rocket glides 12.78m at 12 seconds with a
steady-state error of 0.78 according to the ramp path setpoint
12 m; 10.68m at 10 seconds with a steady-state error of 0.68
according to the ramp path setpoint 10m; and 4.689m at 4
seconds with a steady-state error of 0.689 according to the
ramp path setpoint 4m. In accordance with the parabolic path,

the rocket glides 15.47m at the 4th minute with 0 steady-state
error.
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