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Abstract As the concept of future warfare emerges, advanced weapon systems that overcome the
limitations of traditional artillery are needed. In particular, the ability of the existing artillery systems
in responding to nonlinear warfare situations, threats from multiple unmanned systems, and hypersonic
missiles has been reaching its limit. Therefore, high-energy weapons are the center of attention as a new
advanced weapon/artillery system with outstanding quick reaction and striking capabilities. In particular,
high-energy laser weapons are expected as a game-changer in future warfare. Currently, few countries
possess laser technology under the circumstance that the investment and R&D for high-energy laser
weapon systems are active in the United States. However, laser technological development has been
difficult in many countries due to their restrictions on deploying high-energy laser weapon systems.
Meanwhile, South Korea continues to make efforts to develop high-energy laser weapon systems starting
with anti-aircraft laser weapons but faces a lack of infrastructure and basic technology for the
development. Hence, this study analyzes the necessary infrastructure construction and technologies for
the South Korean research and development (R&D) of high-energy laser weapon systems by researching
and investigating the global development trend for these systems. In effect, the analysis could be used

as a guideline for future laser technology development.
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Table 1. Comparison of Laser and Kinetic energy

weapon
Kinetic Energy
Spec. Laser weapon Weapon
Engagement - .
& g Speed of light Speed of sound
time
Precision L
Accuracy Relative inaccuracy
engagement
Lower cost Higher cost
Cost
per shot per shot

Environmental

Higher sensitivit
condition 8 ¥

Lower sensitivity
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Table 2. 2018 National Defense Strategy Top 10 list
of focus area

. Hypersonics

. Directed energy

. Command, control and communications
. Space offense and defense

. Cybersecurity

. Artificial intelligence/machine learning
. Missile defense

. Quantum science and computing

. Microelectronics

0. Autonomy
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DE JTO9] A4l 20008 A¥E HEL-JTO(High
Energy Laser Joint Technology Office)o]t}. TA] ]
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Table 3. FY21 Budget Highlights Ak A71ed HAFAY  HolA(Distributed
— — gain lasen)®] A7 BHEIE 5 QeA0) 43E AR
ATH7I
y S .
0sD HEL Advanced $105M
Technology program
DARPA Counter HEL(C-HEL) $15M
Table 4. High-Energy laser weapons projects
Us. HELIOS $88.3M
NAVY NLFOS $68M Spec. Description
U.s. - + Medium: GDL
AIR FORCE HEL Research Initiatives $15M ALL - Power: 450kW
. - Contractor: Pratt Whitney
HEL enabling and support $10M —
U.s. technology - Medium: COIL
ARMY HEL Tactical Vehicle ABL - Power: MW
Demonstrator Technology $oM - Contractor: Northrop Grumman
 Medium: DF
THEL - Power: 400kW
- Contractor: Northrop Grumman
A2 0|H 7=
3.2 A o0l 7= - Medium: COIL
ATL - Power: 100kW
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- Contractor: Northrop Grumman

- Medium: Fiber(COTS)
- Power: 10kW

Area Defense
Anti-Munition

(ADAM) - Contractor: Lockheed Martin
- Medium: Solid-state slab
Gamma - Power: 13.3kW/block
- Contractor: Northrop Grumman
- Medium: Fiber
Excalibur - Power: 10s of kW
- Contractor: Optonicus
High Energy

- Medium: Solid-state
- Power: 150kW
- Contractor: General Atomics

Liquid Laser Area
Defense System

(HELLADS)
High ?j{féiﬁ Laser + Medium : Soild state
- Power @ 10kW
Demonstrator - Contractor: Boein
(Hel-MD) &

- Medium: Solid-state slab
- Power: 105kW

Joint High Power
Solid-State Laser

(JHPSSL) - Contractor: Northrop Grumman
Laser Weapon - Medium: Fiber(COTS)
System - Power: 157 50kW
(Laws) - Contractor : Kratos
Robust Electric ' Medlumi Fiber
Laser Initiative  Power: 25kW
(RELD) Contractor:  Lockheed Martin,
Northrop Grumman, Boeing
Solid-State Laser - Medium: Solid
Technology - Power: N/A
Maturation - Contractor: Kratos, Raytheon,
(SSL-TM) Northrop Grumman, BAE Systems
+ Medium: Rubidium
DPAL - Power: 60kW(goal)

- Contractor: Lawrence Livermore
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Table 5. AMD capabilities layered defense

Org. Operational Concept Target
Layer Common Remotely.Operated Low-Altitude drone
1 Weapon Station
Layer A laser weapon system
%j integrated onto a combat  |Munition and drone
platform
Layer Maneuver-Short-Range Lareer aircraft
3&4 Air Defense platform &

Layer High-Energy Laser Tactical Rockets, artillery
5 Vehicle Demonstrator and mortars
Layer Low-Cost Extended Range Subsonic cruise

6 Air Defense missile missile

Layer 3 & 4 Layer 2

i

Layer 6 Tluyer 5 Layer 1

Fig 2. Domes of protection(*CCDC roadmap to
modernizing Army AMD”, Army News Service,
10, September, 2019)
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=] 9lct. IFPC-HELS 20249 AlAIE 4HHE 82
QE5le AL EHFLockheed Martine mFgAo] 1
2% (Spectrum Beam Combine) =FA-8-H0|A,
nLIGHT/Nutronicse #43A10] ¥l A% (Coherent
Beam Combine) 3453014, General Atomics=
HRAAE 1A 1A E A-8ste] 22 300kwa #lo]
A AAE Agstar i1l

AR g9 dolA F7le A4 9 g SHE
st Al¥7]91 MEHEL(Mobile Experimental High
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MMHEL(Multi Mission High Energy Laser)& #A
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Table 6. A selection of ongoing ground-mounted
laser weapon

System Name Description

- Goal : 300kW

- Flatform : Family of Medium Tactical
Vehicle

- Contractor : Lockheed Martin,
General Atomics, nLIGHT/ Nutronics

[FPC-HEL

- Goal : 50kW

- Flatform : Stryker

- Contractor: Raytheon, Northrop
Grumman

DE M-SHORAD

- Goal : 50kW
- Flatform : Stryker
- Lockheed Martin(commercial)

DEIMOS
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Weapons System Demonstrator)7} Portland¥ol &
A=]o] 2023 27HA| A FolH, 20219 | Sft
ODIN(Optical Dazzling Interceptor)& Portland&
o} DeweyZ ol A2lsto] Al FQ1 o0& L&A Ut
ODINS] %% 2824 9] go|x& &-&sto] 7
FQ1 R oA F7|et thE2A oA FRE 9o
A& A oAzt RAAZ F2Eo] glof A
g8 k= A 2)A AlA o] L2 E85h= Z0E

Table 7. A selection of ongoing ground-mounted
laser weapon

System Name Description

+ Goal : 100~ 150kW
- Flatform @ USS Portland
- Contractor : Northrop Grumman

- Goal @ 60kW
- Flatform : USS Dewey
- Contractor : Lockheed Martin

- Goal : 150kW

- Flatform : USS Arleigh Burke, USS
Little Rock

- Contractor : Lockheed Martin

HELIOS
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Increment 1 B4 HELIOSE & <34 Uk
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(ASCM) 84802 289 dgoz i gl o
71RE, AsrAAE, gojt] Bk clutter) 4
< FES ZF71% 50| 4849 7= Bt

[14].

1759

3.4.3 E37|/HME7|EX 20X 7]

T FojA= F& ek ol ol-8sto] e
o] ot sEkE|o]A| Aol HH FHH olF At %
ARl A& ol&ste] thAlF 7St Qirt. Table 8
3} Zo] FF71HA oA F7l= 60kWH R 795
+ FolAE AC-130)°0 Aol RS BHE S
A% Folx, AE7GAE HolA= F-15 EAFA A
£719 AgtE A4 9 7S 12fsto] 2E(Pod)E} of
of /¥t e Lockheed Martin®] FO|AE,
Northrop Grumman©] ¥l Ao AARE JH5hH
Boeing®] HARHIE 2ES} ok AZ APt A
= Zog gu#A Stk

Table 8. A selection of ongoing aircraft-mounted
laser weapon

System Name Description

- Goal @ 60kW
- Flatform : AC-130J
- Contractor : Northrop Grumman

AHEL
- — - Goal : 60kW
- - Flatform @ F-15
v - Contractor : Lockheed Martin,
: Northrop Grumman, Boieng
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Table 9. Comparison of Technology level between
Korea and United States

Spec. Korea United States
Tens of kW 300kW
Laser Power
(goal) (goal)
Source Fiber Fiber, Solid, Alkali
Accuracy Tens of urad 10urad
Power and Commercial Milit S
Cooling System Off-the-Shelf Hitary opec
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Table 11. Technical professionals policy of Defense
Industry
Table 10. Technology Suggestions
Spec. Description
Spec. Description Def - Budget : 30~50 hundred
Ni ion 1 i .e e‘nse' million
i ext generatlon aser gain SpeClahZathn . . .
High Energy medium Core Technology laboratory * Period : Three or Six
Enhancement Basic years
Advanced beam combining h
Researc Defense - Budget : 120~180
High temperature laser specialization hundred million
Miniaturization diode research center | - Period : Max nine years
Core /Lightweight Single-mode laser power Defense Industry | Classification : Employment Condition
Technology growth Y Type(Employment obligation), Re-education

Optimal beam control
improvement of mobile

Maneuverability platform

Improvement of
Laser Director

Laser beam control system
with impact resistance
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