Avrupa Bilim ve Teknoloji Dergisi European Journal of Science and Technology
Sayi 51, S. 108-114, Agustos 2023 P, No. 51, pp. 108-114, August 2023
A

© Telif hakki EJOSAT a aittir AT U Copyright © 2023 EJOSAT
Arastirma Makalesi www.ejosat.com ISSN:2148-2683 Research Article

Test System Design and Modeling for Laser Seekers

Murat Sahin '

1 Control Systems Department, Roketsan Inc, Ankara, Tiirkiye, (ORCID: 0000-0002-3659-3528), msahin@roketsan.com.tr

(First received 30 January 2023 and in final form 27 March 2023)
(DOI: 10.31590/ejosat.1244238)

ATIF/REFERENCE: Sahin, M. (2023). Test System Design and Modeling for Laser Seekers. Avrupa Bilim ve Teknoloji Dergisi, (51),
108-114.

Abstract

Flight tests carried out during missile design and development involve high costs. Simulating these tests in a laboratory environment
saves companies significant resources and labor. The Electro-Optical Measurement and Test System, where laser seekers are tested, is
one of them. In this article, studies have been carried out on designing and modeling a system that can generate the target image required
for testing the laser seeker in the laboratory environment. The necessary components for the test system were determined, and their
information was given in detail. Labview was used for simulation studies, and the functionality of the designed system was examined
with the simulations.
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Lazer Arayicilar icin Test Sistemi Tasarimi ve Modellemesi

Oz

Fiize tasarim1 ve gelistirilmesi sirasinda gergeklestirilen ugus testleri yiiksek maliyetler igermektedir. Bu testleri laboratuvar ortaminda
simiile etmek, sirketlere 6nemli dlgiide kaynak ve is giicli tasarrufu saglar. Lazer arayicilarin test edildigi Elektro-Optik Olgiim ve Test
Sistemi de bunlardan biri. Bu makalede, lazer arayicinin laboratuvar ortaminda denenmesi i¢in gerekli olan hedef goriintiisiinii
olusturabilecek bir test sistemin tasarimi ve modellenmesi iizerine ¢alismalar yapilmistir. Test sistemi igin gerekli bilesenler belirlenmis

ve bilgileri ayrintili olarak verilmistir. Simiilasyon ¢aligmalar1 i¢in Labview kullanilmig ve tasarlanan sistemin iglevselligi simiilasyonlar
ile incelenmistir.

Anahtar Kelimeler: Lazer, Arayici, Simiilasyon, Labview.
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1. Introduction

Laser systems are one of the tools used within the scope of target marking in the military. In laser-guided missiles, the direction is
determined according to the laser reflected from the target. The laser's energy reflected from the target, its diameter, and angle of
incidence provide information to the missile about the target's position [1]. The laser seeker detects the laser reflected from the target in
the missile, and the necessary tracking commands are generated. For this reason, seekers also serve as the brains of missiles [2].

Targeted testing in the field is the best method for evaluating laser seeker performance. However, this test is costly and requires
considerable financial resources. Moreover, the continuity of the tests is complex due to reasons such as labor costs [3]. For this reason,
laboratory tests such as hardware-in-the-loop (HWIL) simulations are performed before actual testing. HWIL tests allow the missile
and its components to be tested in various scenarios corresponding to real-life flights. One stage of the HWIL tests is the test for the
laser seeker [4, 5]. Laser seeker design and development studies begin with tests in a laboratory environment, and then the field tests
under actual conditions start. Simulating the laboratory environment with the field environment at a sufficient level, even if not precisely,
enables the designer to develop the design by the field conditions [6]. The laser seeker's parameter calibration, optimization, and
performance tests are performed with the test system to be used in these tests. The test system's performance and sensitivity also
determine the seeker's quality [7]. In laser tracking applications, a four-quadrant photodetector (QPD) is generally used as a position-
sensing element due to its high sensitivity, fast response, and compact structure. The test system moves the laser beams along the X-Y
axes to reflect the beams toward the QPD [8].

The importance of laser-guided short-range missiles continues today. For this reason, test system development studies maintain
their significance, and companies are developing new devices for this area. Before the installation of the test system, architectural
design, modeling, and simulation studies are carried out. In this context, there are studies on different laser seekers in the literature [9,
10]. In this study, the test system's component identification and modeling sections are further elaborated to contribute to existing
research.

First, the architectural design studies of the system were made. After the design studies, the components that can be used in the
system were determined. Then, modeling and simulation studies were carried out using Labview. At last, simulations were done in
different flight scenarios.

2. Material and Method
2.1. Material

The laser seeker follows the laser beam reflected from the target in target detection and tracking. The energy of the laser beams
reflected from the target during the flight reaches the seeker at deficient levels at first. The energy reaching the head increases as it
approaches the target, depending on the missile's speed and atmospheric conditions. Likewise, the spot diameter of the laser beam
detected by the head also changes [11].

The main element of the test system is the laser source. The Q-switch laser was chosen as the laser source in the system. Q is the
initial of the word "quality" and means switching the laser from low quality (low energy) to high quality (high energy). The pulsed laser
emits in small condensed packets. These small concentrated packets of lasers are more potent than a continuous laser beam [12]. A
Gaussian beam is emitted from Q-Switch lasers. The profile of the beam is given in Figure 1 [6].

Figure 1. Gaussian beam profile

The equation of density belonging to the Gaussian beam is given below. Beam intensity varies in proportion to the square of the
diameter ratios to each other [13].

_ 2 -2r2/wP(z)
I =1,(w,/w(z))e 0

W(z) =W, \1+(2/2,)° @)
Iy is the central density, 7 is the distance from the center ve w(z) is the beam radius. The Rayleigh equation finds zz [13].
Z, = w2l A 3)

The following equation finds the power of the laser beam passing through the aperture [13].
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P= Po[l—efer/Wz(Z)] (4)

P, =1/2z,w% 5)

The second element of the system is the filters that will weaken the laser energy to simulate flight. In this context, the internal
attenuator of two laser sources can be used. But in general, the resolution of these attenuators may not be sensitive enough. The attenuator
of the laser source given as an example is 8 bits so energy adjustment can be made in a range of 256 steps. Another method is to use an
external filter. These filters usually consist of an adjustable half-wave plate and a polarizing beam splitter, and energy exchange can be
done quickly with a rotary motorized system [14]. The polarization process is given in Figure 2.

Attenuated beam

A

Reflected polarization

Polarizing beam splitter

N

Rotated polarization

Adjustable half-wave plate
Polarized input
Figure 2. The polarization process

There may be slight scattering in the laser beams emanating from the source. Especially in the first moments of the test, these
scatterings can disrupt the desired flow since the energy is small. At this point, it is necessary to use a sensor to adjust the energy level.
The energy value received from the sensor is transferred to the control system as feedback [15].

The beam diameter of the laser source is 5 mm. It is aimed to enlarge this diameter up to 100 mm for test requirements. The beam
diameter must be variable to simulate the moment of flight fully. In this context, a lens system is positioned before the laser source. The
beam diameter expansion process is given in Figure 3.

Beam limiting

Beam focusing
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Figure 3. The beam diameter expansion process

A remotely adjustable diaphragm between 0 and 100 mm diameter is placed after the lens system. Thus, the energy and beam
diameter required for the flight scenario can be adjusted as desired. After the beam diameter is modified, it transmits to the target. In
this section, a motorized scanning system can direct the laser beams along the X-Y axes [16].The block diagram of the X-Y scanner is
given in Figure 4.
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Figure 4. X-Y scanner
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The architecture of the system is given in the Figure 5.
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Figure 5. The architecture of the system

2.2. Method

In this study, modeling and simulation studies were carried out using Labview. Labview is short for Laboratory Virtual Instrument
Engineering Bench. It uses the graphical programming language, also known as parallel programming. [17].

The simulation creates the laser's energy, beam diameter, and X-Y positions according to different flight scenarios. In the program,
firstly, the data reflected from the target for the missile flight is received. In the simulation, the data is taken from the excel file with the
"Read From Spreadsheet File" block. In the example scenario, there is data of 500 steps. Energy values vary between 10 and 50 mJ, and
beam diameter values range between 0.2 and 100 mm.

The task of the first subsystem in the program is to receive the incoming data collectively and give it separately to the relevant
sections. The diameter size is adjusted by transmitting the beam diameter information from these data to the diaphragm. At the same
time, X-Y data is transferred to the scanner system. The energy change originating from the diaphragm is calculated, and the required
attenuation value is transmitted to the attenuator according to the scenario. Finally, the laser source is activated. These operations are
also done in the second subsystem. This cycle continues until the last data is received. The program's control panel is given in Figure 6,
and the block diagram is in Figure 7. The white frame on the left side of the control panel simulates the target. On the right are the
attenuator and diaphragm settings and the energy output.
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Figure 6. The control panel
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Figure 7. The block diagram
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3. Results and Discussion

Firstly, the simulation was performed without an external attenuation filter. The energy outputs of the first 50 steps of the simulation
are given in the Figure 8. The data in blue in the graphs are the energy values from the scenario, and the data in red are the energy data
obtained from the simulation. As a result of the simulation, there was a 1% difference between the energy values. This situation is due
to the sensitivity of the internal attenuator (8-bit - 256 steps attenuator). In the second simulation, an external attenuator is also added.
With the effect of the external filter, the 1% error was eliminated. The energy outputs of the second simulation are given in the Figure
9.
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Figure 8. The energy outputs with internal attenuator
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Figure 9. The energy outputs with external attenuator

The laser outputs sent to the target of an example scenario are given in Figure 10. Since the system is far from the target in the first
period, a low energy and diameter laser beam arrives (Figure 9, a and b). As time progresses and gets closer to the target, the energy
and diameter will increase, as seen in ¢ and d. At the end of the flight, the laser energy and diameter will reach the maximum level in
the closest position to the target.

4. Conclusions and Recommendations

As a result, this article explains studies on the design and computer modeling of an electro-optical test system that can be used in
the tests of laser seekers. To be a system that can be implemented in design studies, up-to-date technologies have been preferred. The
system's operability was tested with the simulation performed in the computer environment. Laser scattering and external factors are
neglected in the simulation environment. In the actual process, there may be deviations in energy and diameter changes due to such
factors. In this context, sensors are integrated into the system design. The control system can make necessary error corrections by
receiving feedback from these sensors.

e-ISSN: 2148-2683 112



European Journal of Science and Technology

a. Start of flight b. Quarter time

c. After half d. Last moments

Figure 10. An example scenario
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