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Abstract

Semi-active laser missile systems with high accuracy are necessary to asymmetric threats, such as UAV(Unmanned
Aerial Vehicle). They are usually used to attack stationary or slow moving targets, therefore we should study on
the laser designator which can detect and track fast moving targets in order to deal with UAV. In this study,
design specifications are came up through performance analysis of existing laser designators, and laser designation
method for fast moving target is developed. The detection and tracking performance of developed laser designator
are verified through inside/outside tests on ground/aerial stationary/moving targets. Through this study, we obtain
laser designator techniques that could be applied to actual semi-active laser missile systems.

Key Words : Semi-active Laser Missile System(3H5-5 #©]1 4 FE57]), Laser Designator(& 0] # A7),
Image Tracking(d7d F4)
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Fig. 1. Operation concept of laser designator
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Table 1. Analysis of laser designator

HEY
342 GLTD I | DHY=307 TYR PLDRHI | SERPENT
Pulse to
pule sibily| 1 % : 5% | 10% | 10%
Boresight
renion | 0 "R - 03 mRad | 02 mRad | 0.2 mRad
Designaﬁon 5 km 10 km 5 km 6 km § km
for NATO target : size 2.3x2.3 m

Range 1064 um | 106um | 1.064um | 1064 um | 1064 um
finding | (0.2~20 km) | (0.3~20 km) | (0.2~10 km) | (0.3~10 km) | (0.2~20 km)

STANG | STANAG | STANAG | STANAG | STANAG

Lascroode |y | e | s 33 7%
X X X 0 0
Digital Compass
) x [ x | x [ o [ o
Built-in
GPS
x | x [ x [ o | o
Target Location & Tactical Computer
Target data X ‘ X ‘ X ‘ 0 ‘ 0
includes Target coordinates, Range and Azimuth
Self location X X X 0 0
Weight 52kg 80 kg 54 kg 6.7 kg 50 kg
Night | FLR See | &% CORAL-LS | CORAL-LS
sight Spot 7zt ’ (ELBIT) | (ELBIT)
ENESERENE
s | x i |

* User programmable PRF Code,
** Ussian code, Customized code
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Boresight retentionS FiS
o] #e ASFF ALSHA HolAE AL
Range finding @lo] A& iAo} Hry 7\"}74?42
YEeRAT) Laser code= Zt dlo)#] ZAPZ|o| A AL&-3}
= ooold Bae) 54 vehd gBoR gpe
Zo]A ZA7]= NATO STANAG 3733 F+49 f
e mEI QT

THHE Az mEd iR 124 Hol4 Nd:
YAG(Neodyminum: Yttrium, Aluminum, Garnet)E AF8-3}
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[1]

Seeker 2 (%3,-2,) Target geometric center
ﬂ; 1 Target pointing vector
[nl" Designated surface normal vector
(-\'51 VsaZs «  Off-angle between |1 and sy

{7.55.2:) Seeker geometric center Target (xr R ,4,-)
1 Seeker pointing vector

B Field of view(half angle}

#  Correction angle between 1° and #s=

sm/ri
/ 2

Designator e

(x2:¥2:25) Designator geometric center
. sz  Designator pointing tensor
('\Du yp:-’u) & Beam divergence

Fig. 2. Semi—active laser missile system
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Fig. 3. Laser beam distribution entered in the seeker
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Table 2. Laser designator composition

7 M2 FHE
ISR E o)A ZA), EO FhvEh
TE5 AayAe) 7], AlA - 2, Az
AR f\l”“ A7), B¢ F47]

ANE]H o] 2, HATFEA

FEA A7 EPC, T 2T

41 AU AlE
A AR s A
2 AWM Q1 THed F

Fsh. A Ags F 6
= H

type, Output energy, Beam divergence, Laser pointing
error, # U] Lasing rate, Laser pulse duration, 5=7+7}H|
2k Al g 9, EO Fhele e, FRbbele
3785 E, FTk i Al A 7], STk
A, A AR, A A e, &8
e, 2FEE 9 AN 18714 5ol
Fig. 7, 8& Aul AlgS AT A v 4=

AAF-2E EO Zhelgt B dlolA A AlRe S19
TAE Yerd Aolt.

Fig. 8. Indoor tests of EO camera and laser designator

oAl el 7] 83 A A23E A|55(2020d 109€) /471



4.2 of2 AlY
Aol A gele] A& A

5 AE FBE okl AY

o]

< B IIskien, 24 AN R FA A, [A
@ ZN(Total error budget), 5% L XN(Tracking error), 3
FFEANSAY7], A As f9] 2 Ay £
w Alo)7], A7, b7 8@l diE] Alds
S35 Table 38 oF2] A1F S 2S5 Uekd
Zlo|t}.

Table 3. Main lists of field tests(Tracking and
designation)

EX

2l (km)

=)

0
I

K
o
=]
o

0.05~3(1112])

SWIR 7} 2},
LRF %

)
offt
=]
)

0.5~2(1 <))

of

ol
=]
£

0.5~2(1 <))

@y
20 % ki o ‘
”‘sz%ﬂ an:‘;ﬁ%rlrﬁ
offf o SN
o b i Mg ox 2 5z
D) -

2
R =)

ANOEd o O oo & > O o> L ¥Q
o

(O
ol

MOl mEEAR

- EL]
— LR
naa= Ml ol

AN
AA

Fig. 9. Field tests with ground moving target

472 | = A sl etE] 4] A23 A A|55(20201 109)

— =
\\_‘ _f:t,_.i’ I
- A o|§
i e
™
pa

Fig. 10. Field tests with airborne target

4.3 M5 2
dlold EA AA71el AUl B oks] A
A FHE RE A WA EEE 7
7wl

AARE FaA I g 2

—
(
i)

Powermeter
31131, Beam divergencest™ W3-
2aole = AR 2AIe] #olA
wavelengthi= 1.06405 pm, lasing rate:™= I ‘1111914
50.0993 ms(20 pps), puls duration 21.74 nsecZ 574
HAek ZA19] beam divergence™ 2 km W]<€]ollA
0.2 mRad W2 ZA =3 Laser pointing error= %

Zavdez FAse] 50 pRad W2 stk

eix e 4Ee oplAES BaA selsgnh

FIAPS B EAAA L FAALDE 3 km
dislel ) EAAASE FAYL s, F4 o
AH= 200 pRad )2 RIS O0], FPFHNEA

L AT FA, AN olFAF FH U A%
SAEY FAS B FA15S A F4
AUEE AN AL, SE0 FBS sl 24
& pasgont 3349 T FEoIN F4 A
52 dolgst sto BAshe Ade Ageon
Qe 23 T/ V1B Berst ng Bo o
oz @7 AT oW ATelAE 27 Fe]
S B2 AAR B A £ BFNA 4
s dol4E 2S5 AT dgHon 4F
s,

4.4 HA =goll cist nE

Aol 8 A9 Al dleld FEEA AA
o 4875 BAE FgHom 25 AR
st Fig 11914 tehdl 335} o] 24 Jze
o) 249 deolHE FAMCR Aol 2005 %

21273k 3 SWIR 7|2t
7oz AR Aol

golA A%E



ol A 7S ALgEHE

range
---=+-- 0000m
--=-- 0000m

- 0000m
--+-- 0000m

_.-+ min : 00, max : 00

RMS 2a{meter)

min : 00, max : 00

0, max 00 —

[=]

B R R L L

velocity(km/h)

Fig. 11. Error data on designating laser spot
F4 9 oA FAF 7T
0.05~3 km G452 2L olA ZAP} 7}eeA] &
3}, 3 km 715 9F 012 m LAH(HFTOoRE
e = A AR ) FES
a1 d A digk A 2 oHEelA
A} 715 Ao = FA HAL
A2 o] 9 FolA FAF 7F

14 £5 94

o
Q
_‘
l_.
N
Flor Ny

s
N
_OL
(o

=5
)
o2
>
2

I ol o %o

TN B o
O AN o ot o rlo

BN
o =
fo
>
<)
my)
i
£ o w
S @ JN

o
=
el
S
£
"
32 o
O, o

. Fig. 129} #o

foh oft
S
PR

¢

i =
o
o2
ox
X!
)
ME,

glojx A%

Fig. 12. Tracking images on dron

A =

2 AFE FeA dFd dbss dold g E
ARESHE S ERIAAIY oA 2AWE A 1A/
ol ¥4, ¥% AA/olE HAel st thFs =
A% A GdFA AEF GolA AN ES
Fasiglon ol 3l &A% ¥V g #olA &
T2 T odst FEFTAA 4838 4+ d= T
S st

References

[1] Luke S. Strohm, A Terminal Guidance Model for
Smart Projectiles Employing a Semi-Active Laser
Seeker, US Army Research Laboratory, Aberdeen
Proving Ground, MD. August 2011.

[2] Jaehoon Ha,
Designator for a Semi-Active Laser Guided Rocket,
KSAS 2016 Fall Conference, 2016.

[3] Seogkoo Yoon, Jeahoon Ha, Conceptual Study on a
Guided Rocket for Hitting UAVs, KIMST Fall

Conference Proceedings, 2016.

Performance Analysis of the Laser

[4] Minji Bae, Heechan Park, Seogkoo Yoon, Laser
Irradiation Characteristics of the Laser Designator for
Missile, KIMST  Annual
Conference Proceedings, 2018.

Heechan Park, Minji Bae, Chunho Kim, Namkoo Ha,

Hyunsung Jang, Designating Method for High-Speed

Semi-Active  Laser

Moving Target with Laser Designator Integrated with
Image-based Tracking System, KIMST Annual
Conference Proceedings, 2019.

Alper Yilmaz, Object Tracking: A Survey, ACM
Computing Surveys, Vol. 38, No. 4, Article 13,
December, 2006.

Jodo F. Henriques, Rui Caseiro, Pedro Martins, and

(6]

[7]
Jorge Batista, High-Speed Tracking with Kernelized
Correlation Filters, IEEE Transaction On Pattern
Analysis And Machine Intelligence, Vol. 37, No. 3,
March 2015.

Jodo F. Henriques, Rui Caseiro, Pedro Martins, and
Jorge Batista, Exploiting the Circulant Structure of

Tracking-by-detection with Kernels, Institute of

AL al 7|28k E] A A23E A|5E(20201d 10Y) /473



A - AT - ez
Systems and Robotics, University of Coimbra, ECCV Vision, Department of Electrical and Computer
2012, October 2012. Engineering Faculty of Science and Technology
[9] Jodo F. Henriques, Circulant Structure S In Computer University of Coimbra, July 2015.

474 | B A28 788 A A3 A5E(2020 10Y)



