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Abstract—This paper will talk about AIM 120 AMRAAM
missile guidance for pursuing a moving target. The missile guidance
system itself consists of missile dynamics, control system, seeker,
and guidance methods. For general purpose, the missile dynamics
approach will use non-linear equation of motions. The control
surface that will be discussed follow the rule BTT (Bank-to-Turn)
and control system that will be used is PID control system that
widely used for control design. Lastly, the guidance method that will
be studied here is proportional navigation and constant bearing
course approach. The simulation will be conducted using MATLAB
Simulink. The Simulink model consist of target dynamics, and
guidance system. From the result of simulation, it will be shown that
the missile can pursue its target quite well. Hence, the simulation
system can be used well for preliminary design purpose.

Keywords—Homing System, Control System, Proportional
Navigation, Missile Dynamics, Seeker, Bank-to-Turn, Constant
Bearing Course.

I. INTRODUCTION

HE security systems of a country nowadays can be
represented by the advanced technologies used for
defending against intruders. One of those technologies is
missile homing system of missile technology. With this
technology, the intended target can be shot without any errors
caused by human. There are a lot of limitations that can make
this human factors become major effects of missing target
such as anxiety, nervous, panic, low sight, etc. Hence, it is
important to make the missile can pursue its target by itself.
The homing system basically use the concept of tracking
and processing the trace of target and take it as commands to
the missile for doing certain maneuver. In other words,
missile’s sensor will receive and interpret the locations and
direction of target. After that, the computer or microprocessor
that already had those directions will use the locations
information as the reference for giving command to the
missile through the control surfaces of the missile. The
missile will follow this command, following certain path, and
eventually it can hit the target. The exact algorithm of this
homing system can be seen in the Fig. 1
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Fig. 1. Algorithm of Missile Guidance System
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The guidance can be achieved by a lot of methods and
approaches, but in this paper, the methods that will be used is
proportional navigation method, that will be explained in the
other part of this paper. As for approach, in this paper, it
means the routine that must be followed by the missile in
order to pursue the target until it hits the target. In this paper,
constant bearing approach will be used. This approach
basically take advantage of parallelism of two objects. When
two objects make a certain parallelism, as both of them move,
they will meet at a certain point. For illustration, Fig. 2.
below can explain how constant bearing course work.

Fig. 2. Constant Bearing Course Scheme [3]

The model that is used in this paper is missile AIM 120
AMRAAM (Advanced Medium Range Air-to-Air Missile),
as shown in Fig. 3. The name suggest that the missile operate
from flying aircraft to shot the flying object.

The overview of the work in the paper have been written in
this chapter. In the chapter 1, the paper will talk about homing
system, its components, and what is the important part of homing
system. The next paragraph will explain the equations of motion
for both missile and target, and control system that will be used
in supporting guidance of missile. In the IV paragraph, the
simulation and the result will be shown and discussed. Finally,
the last one is Conclusion of this paper.

Fig. 3. AIM 120 AMRAAM [7]


mailto:alfiduhri@gmail.com
mailto:sasongko@ae.itb.ac.id,
mailto:yayomdwi41@gmail.com

INSIST Vol. 2 No. 20, October 2017 (75-82)
http://insist.unila.ac.id/
DOI:10.23960/ins.v2i2.84

I1.HOMING SYSTEMS

Homing system can be divided into three components,
those are seeker system, navigation system, and autopilot
system or guidance law. Homing system also need other
parameters that correspond with aircraft dynamics, they are
called Engagement geometries.

A. Proportional Navigation

Proportional Navigation is commonly used method for
designing missile guidance. The basic idea of this method is
the acceleration command generated in the missile is
proportional to the line of sight (LOS) rate. It can be shown in
Fig. 4.

Am
Missile

Fig. 4. Proportional Navigation System Scheme [3]

The basic idea of this navigation is to maintain missile
LOS rate become zero and the missile will have constant
bearing course with the target until it hit the target. It can be
achieved by giving acceleration command to the missile. The
equation of Proportional Navigation can be written as [3]:

y=No @

where, y is rate of change of missile heading, N is
navigation ratio, ¢'is line of sight rate.

Navigation Ratio represents the gain that will be processed
as command to the missile. The more the value, the missile
will be more aggressive with smaller LOS rate. In the other
hand, the less the value, the missile will less responsive
toward the change of LOS.

B. Seeker System

Seeker is the components of homing for censoring the
location of the target. The seeker can detect and follow the
movements of the target by sensing the unique characteristics
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J'Cgui = Axgui + Bugui (2)

of the target, such as radiation or reflection of energy by
the target.

In the guidance system seeker will sense the target with
certain error. This can be caused by the movement of seeker
head sometimes is slower than the movement of target.
Considering that condition, the seeker equation will become
the state space as below [3]:

Xsh=Axsh+Bush (3)
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Fig. 5. Seeker Sensing Illustration [4]

where [3],
. . Oyitch
Xsh = [,Bpitch ,Bpitch ,Byaw .Byaw]: Ush = [ OI-;LZV] (4)
0 1 0 0 0 0
|-k —k2 0 0 _ |k O
A=19 o o 1]|85%]o0 o
0 0 —ky —ks 0 ky

with, Bpiccn 1S seeker output LOS in pitch direction, Byaw is
seeker output LOS in yaw direction, apiech is seeker input
LOS in pitch direction, oyaw is seeker input LOS in yaw
direction, ki is seeker ratio = 100, k» is seeker ratio= 20. In
the equations of seeker that have been mentioned before,
seeker ratio determine the accuracy of seeker and every
seeker have this value. For more convenience we will choose
the value as stated above.

C. Guidance Law

In part A of Chapter Il, the equation of proportional
navigation have been stated clearly. In order to implement it
into the guidance system, the guidance law must be derived.
The guidance law within the missile system determines the
best trajectory for the missile based on missile position, target
position, missile capability, and desired objectives [3]. The
following equation is the guidance law in term of state space

3.
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_[-k ©
A= [ 0 —k]
After that, the heading of the missile, will be applied in
equation below [3].

5=y

Vmpitch =V, cos (ymyaw - O'yaw) 4)
meaw = Vmcos (ympitch) (5)
Ampizen = Vinpiren€0S (7 mpitch) ©
Amyaw:meaw cos ( j/myaw) @)

D. Engagement Geometry

The engagement geometry represent the flight
paparameters of both missile and target which are needed for
guidance system simulation.

1) Line of Sight (LOS): Line of sight is the angle between
the missile and the target, see Fig.6.

Fig.6. Line of Sight Illustration

The equation of LOS can be written below [3]

Cpiren, = tan™t 2 m ] 8
pitch VE=2m) 2+ e=ym)? ®)

— -1 |%t=Zm
Oyqw = tan P (C)]

2) Flight Path Angels : Flight path angle represent the
attitude of the missile and the target along their
trajectory, see Fig.7.

Fig.7. Flight Path Angles Illustration

The equation of flight path angels can be written below

(3]

(10)
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VtZ—VmZ]

Vex—Vmy

Yy = tan™ [ (11)

3) Velocity and Acceleration: Velocity and Acceleration is
important factors here because both of them determine
the trajectory and the movement of missile and target. In
this section, the one that will be focused is missile
acceleration and velocity because in the guidance system,
the acceleration and velocity of missile have direct cause
to the movement change [3].

(12)

A, = \/Amx + Ay + A, (13)

In the yaw direction, the acceleration equation can be
represented below [3].

Xmpiten = Ampitch sin O-pitch) COS Opitch (14)
}’mp,-tch =- (Ampitch s O-pitch) COS Oyaw (15)
Zmpitch == (Ampitch sin O-pifCh) (16)

In the yaw direction, the acceleration equation can be
represented below [3].

(17)
(18)

Xy = _Amyaw sin oy,qy

_Amyaw Cos oy

ymyaw =
Both acceleration will become the basis for deriving
tracking controller of missile. The total acceleration that
the missile will have can be shown below [3].

jém = %mpitch + %myaw (19)
)fm = :_i{.mpitch + :.i{.myaw (20)
Zm = Zmpitch + xmyaw (21)

I11. DYNAMIC EQUATIONS AND CONTROL SYSTEM

A. Missile Dyanamic Equation

Missile dyanamic equation that will be used here is non-
linear dynamic equations of motion. The equation of motion
consist of tranlational equations (equation 22), rotational
equations (equation 23), and kinematic equations of motion.
The non-linear equation is chosen because it can generalize
the system in any flight conditions.

FA+Wb+ﬁp=m(Z—:+axV) (22)

M, + M, = (12—‘;’+5 xa.a)) 23)

For modelling dynamic equations of motion, there are
aerodynamics forces and moments. They are calculated using
Missile DATCOM [1]. Instead of using experimental data,
Missile DATCOM used because it is easy to use, and have
good approximation result.
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B. Target Dynamic equations

The target dynamic equation of motion just consist of
translational equations. For this paper, this is enough because
the main purpose of this paper is not studying the
performance of guidance, but for studying how the guidance
system work for non-linear missile system. Lastly, the
equation of motions for target can be shown belw [3].

X; = Ax; + Bu, (24)
Where,

Xe =[x X Ye Ve Z Zt]T' u = [% J¢ 5t]T
0 1L 0 00 O 0O 0 0
0O 00 O0O0 O 1 00
000100 000

4= o 0000 of B= 010
00000 1 000
00000 O 001

In the state space above, the input of the equations is the
acceleration of the state. That state can be used for moving
object both with acceleration and without acceleration.

C. Control System
1) Tracking Controller: Tracking controller is close loop
feed back system with the purpose to derive the
system to track the input that can be shown by the
exact tendency of certain output to follow the input.
There are a lot of methods to implement tracking
controller into the system. One of the them is using

PID controller that will be used in this paper.

2) Bank-to-Turn : Bank-to-turn is the type of control
surface in missile which can only the missile to roll
and pitch. It is because the missile just only have a pair
of symmetric control surface which can generate
pitching moment and a pair of asymmetric control
surface that can make the missile able to roll. For
tracking controller in homing system, the pitch error
can calculated using the equation below [2].

@ =tan™?! Z—y

Z

(25)

where, a, and a,
acceleration.

are both component of missile

2v

=) ] 4
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consists of Proportional gain, Integral gain, and
Derivative gain. Proportional gain have a function to
amplify the control but does not change the dynamics
of control. Integral gain can improve and at the same
time also can nullify steady state response. The last
one, Derivative gain can improve transient response
by improving the error rate that will happen.
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Fig. 9. PID Controller for Bank-to-Turn

IV. SIMULATION AND RESULT

The simulation of missile guidance was conducted in

MATLAB Simulink. The result of several case can be seen in
this chapter.
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Fig. 10. System Guidance Simulation Model

The model above is used for simulation of missile guidance

in pursuing the target. For example, below is the initial
condition of a case.

Tabel 1 Initial Condition Misil Dan Target

3)

Fig. 8. Bank-to-Turn Manuever

PID Controller: PID stands for Proportional Integral
Derivative. As the name of its abbreviation, PID itself

Missile  Target
X (m) 0 10000
Y (m) 0 0
Z(m) 4572 4572
Vx (m/s) 1020 0
Vy (m/s) 0 100
Vz (m/s) 0 100
Ax(m/s"2) 0 100
Ay (m/s"2) 0 0
Az(m/s"2) 0 0

The result of the simulation can be shown below.
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Fig. 11. Trajectory of Missile (Blue) and Target (Red)

The above figure show the trajectory of missile and target from
initial position until the missile hit the target. From the
trajectory, we know that the missile finally can meet the
target at one point. Below is the range between the missile
and the target that can prove that statement.
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Fig. 12. Range between Missile and Target

As for Line of Sight of the missile, the missile
continuously undergoes change of Line of Sight with small
changing. Ideally, there will be no change in Line of Sight.
We know that there are limitations in seeker, guidance
system, numeric modelling, etc. can influence the result of
simulation. Thus, this is what happen. There will be small
change that does not affect the performance of guidance.
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Fig. 13. LOS in Pitch Direction between Missile and Target
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Fig. 14. LOS in Yaw Direction between Missile and Target
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Fig. 15. LOS rate in Pitch Direction between Missile and Target
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Fig. 16. LOS rate in Yaw Direction between Missile and Target

We already discussed about tracking controller, how
control system can make the system follow the input exactly.
It is very important for the missile to follow the direction of
input exactly same so the guidance would not miss too much.
From the simulation, we know that our system is powerful
enough to follow the input as shown in Fig. 15 and Fig. 16.
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Fig. 17. AZ Command (Blue) and Response (Red)
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Fig. 18. Roll Angel Command (Blue) and Response (Red)

V. CONCLUSION

Tracking controller system has good approximation. This
can be shown from the result that az and roll command is
inline with response.

Design of guidance system using proportional navigation
method can be implemented or used for preliminary design
purpose. It is because miss distance of the simulation is less
than 10 meter.

Proportional navigation method for AIM 120 AMRAAM
has powerful performance. It can be shown from the loss rate
of the missile along the trajectory is zero along the way to the
target.
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APPENDIXS A
VARIABLE IN EQUATIONS MEANING
Parameter Meaning

Acceleration of missile
Acceleration of missile in pitch direction
Acceleration of missile in yaw direction

Seeker coefficient
Seeker Coefficient
Guidance Coefficient
Subscript for missile
Subscript for target
Velocity
Position in x-axis; subscript
for component in x-axis
Position in y-axis; subscript
for component in y-axis
Position in z-axis; subscript
for component in z-axis

Flight path angels
Line of Sight Angels
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