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Design of No~human-in—-the—Loop Battleship Warfare M&S System applied
to the Korea Yellow Sea Warfare Case using Agent—based Modeling

Sung-do Chi * Yong-jun You < Chan-ho Jung : Jang-se Lee -+ Jae-ick Kim

ABSTRACT

Most battleship warfare M&S systems run relatively slow and the simulation results are often unfair since the
system should interact with human operators (controller and/or gamer). To deal with these problems, we have
proposed the agent-based battleship warfare M&S system which interact with multiple agent systems instead of
human operators. Agent-based M&S system may be able to efficiently support the analysis of effectiveness and/or
the operational tactics development of given warfare by providing autonomous reasoning capabilities without the
intervention of human controller. To do this, the paper propose the design concept and methodology using the
advanced modeling and simulation framework as well as autonomous agent design principle. Several simulation tests
performed on the battleship warfare case study on Korea Yellow sea will illustrate our techniques.
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external_tramsition_finction external transition_function
when receive value on input port when receive value on input port the X|F1 458 model
check the threat level if (value = "Departure”)
hold-in “busy” Departure(); hold-in "departing"
internal transition ion else if (value = "ChangeSpeed")
if phase is "busy"” Speed-up() or Speed-down()
hold-in "passive" hold-in "changing-speed"
ouped tion else if (value = "Turning”)
if phase is "busy" Turning(); hold-in "turning™
output : send threat level to output port else if (value = "ReverseEngine")
ReverseEngine();  hold-in "reversing”
(a) Al =4 internal_transition_fimction

if phase is “departing” or "changing-speed" or
"turning” or "reversing”
hold-in “passive"

output_fimction
external_transition_finction if phase is "departing” or "changing-speed" or
when receive value on input port from the AlA] model "turning” or "reversing"
hold-in "passing” output : send the message to output port
when receive value on input port from A|s¥ AEILAA
model ) 71% =eis
hold-in "commanding”
internal transition function
if phase is "passing”
hold-in "passive"
if phase is "commanding" external_tramsition_finction
hold-in "passive" when receive value on input port from the % model
output function act the decision
if phase is "passing” hold-in “acting"
output : send the message to output port internal_transition function
if phase is "commanding" if phase is "acting”
output : send the message to output port hold-in “passive”
output tion
(b) AFEAEE 22 if phase is "acting”

output : send the message to output port

() 7wl

external transition tion
when receive value on input port from the Z|3|ZA|ZE model

hold-in "planning”

internal transition finction external_transition function
if phase is "planning” when receive value on input port

hold-in "passive” if (value = "commander's message" ||
output tion valug = "warning message")

if phase is "planning" hold—ir} "communicating”
decision-making: f'nternal transition ﬁafcti?n
rulel: IF weather.wind = “low* and if’ phase is "fomrpumcatmg"
our position="26883.07, -1285.61" and hold-in "passive”
our.direction = "334°" o (i ' tion o
THEN output : send the "turning” message to output port if phase is "communicating"
rule2: IF weather.wave height = "middle” and output : send the message to output port

enemy.position="338.43, -5619.64" and
our.direction = "180°02" H A =9
THEN output : send the "fire" message to output port
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external transition tion

when receive value on input port from the SEP model
setup the environment and time
hold-in "setting"

internal tramsition tion

external_transition tion
when receive value on input port from the Logger and
Environment model

calculate the location information of each ship

hold-in “calculating" if phase is "settina”
internal_transition fimction 11 phase 15 "se e "
: o n P hold-in "passive
if phase is "calculating

hold-in "passive" %fhiw'ﬂ_nn. )
outpul_fumction 1f phase is “setting

if phase is "calculating” output : send the set message to output port

output : send the ship location information to output port

(d) Environment 24

(a) SEP =Y

external transition function
when receive value on input port from the Propagator and
external transition tion Logger

when receive value on input port from the GIS and Logger save GIS information

model hold-in "storing"
check the propagation range of weapons or environment lrer nal fraisition function
elements if phase is "storing"
hold-in "propagating" hold-in "passive

internal_transition fimction oufput function

if phase is "storing"

if phase is "propagating"
P propiEeine output : send the GIS information message to output port

hold-in "passive"
output tion
if phase is "propagating” (e) GIS =9
output : send the propagation message to output port

(b) Propagator 2%

external transition function
when receive value on input port from the GIS and Propagator
model
update location
hold-in "updating”
internal transition tion
if phase is "updating"
hold-in "passive"
output tion
if phase is "updating"
output : send the updated location message to output port

(¢) Logger =@
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BLUE1 0.10 (19999.93, -19999.93) 135° Departure N/A

200 BLUE2 0.05 (34999.96, -34999.96) 135° Departure N/A
RED1 0.03 (-9999.99, 19999.97) 290° Departure N/A
RED2 0.03 (-14999.99, 34999.97) 290° Departure N/A
BLUE1 0.20 (19999.79, -19999.79) 135° Departure N/A

300 BLUE2 0.10 (34999.89, -34999.89) 135° Departure N/A
RED1 0.06 (-9999.97, 19999.91) 290° Departure N/A
RED2 0.06 (-14999.97, 34999.91) 290° Departure N/A
BLUE! 11.75 (-14599.84, -4829.01) 140° 16’ Turnig N/A

3401 BLUE2 12.28 (313.87, -5619.59) 179 88’ Speed-down N/A
REDI 20 (20160.28, 1921.96) 334° 49 Speed-up N/A
RED2 18.01 (-16298.79, 1188.37) 180° 02’ Speed-up N/A
BLUEI 11.75 (-14605.82, -4823.99) 139° 96’ Turnng N/A

3402 BLUE2 12.27 (301.60, -5619.56) 179° 88 Speed-down N/A
REDI 20 (20160.28, 1921.96) 334° 49’ Fire (-14587.8, -4838.97)
RED2 18.01 (-16298.79, 1188.37) 180° 02 Fire (338.43, -5619.64)
BLUE1 11.75 (-14611.79, -4818.96) 139° 76 Turning N/A

3403 BLUE2 12.27 (289.33, -5619.54) 179° 88: Speed-Down N/A
REDI 20.00 (20178.33, 1913.35) 334° 49 Speed-Down N/A
RED2 18.01 (-16298.79, 1188.37) 180° 02' Fire (338.43, -5619.64)
BLUE! 13.03 (-17903.34, -1554.79) 135° 15 Speed-up N/A

3801 BLUE2 10.57 (-4242.37, -5609.83) 179° 88: Speed-Down N/A
REDI 17.26 (2685237, -127089) 334° 49 Speed-Down N/A
RED2 18.01 (-16298.79, 1188.37) 180° 02 Fire (338.43, -5619.64)
BLUE! 13.04 (-17912.59, -1545.59) 1350 15 Speed-up N/A

3802 BLUE2 10.57 (-4242.37, -5609.83) 179° 88: Fire (-16298.79, 1188.37)
RED1 17.26 (26867.94, -1278.32) 334° 49 Speed-Down N/A
RED2 18.01 (-16298.79, 1188.37) 180° 02 Fire (338.43, -5619.64)
BLUEI 13.05 (-17921.84, -1536.38) 135° 15’ Speed-up N/A

3803 BLUE2 10.56 (-4252.93, -5609.81) 179° 88" Speed-Down N/A
RED! 17.26 (26883.07, -1285.61) 334° 06 Turning N/A
RED2 18.01 (-16298.79, 1188.37) 180° 02’ Fire (338.43, -5619.64)
BLUEI 0.00 (-18889.51, -15098.51) -135° ReverseEngine N/A

9703 BLUE2 18.27 (-30731.60, -31242.95) 345° 21: Speed-up N/A
REDI 0.0 (-14071.96, -20410.30) 312° 49 ReverseEngine N/A
RED2 18.01 (-16298.79, 1188.37) 180° 02’ Fire (338.43, -5619.64)
BLUE1 0.00 (-18889.51, -15098.51) -135° ReverseEngine N/A

9704 BLUE2 18.27 (-30737.60, -31242.95) 3450 21 Fire (-14071.96, -20410.30)
REDI 0.0 (-14071.96, -20410.30) 312° 49’ ReverseEngine N/A
RED2 18.01 (-16298.79, 1188.37) 180° 02’ Fire (338.43, -5619.64)
BLUE! 0.00 (-18889.51, -15098.51) -135° Fire (-14071.96, -20410.30)

9705 BLUE2 18.25 (-30719.95, -31247.61) 345° 21: ReverseEngine N/A
RED1 0.00 (-14071.96, -20410.30) 312° 49 ReverseEngine N/A
RED?2 18.27 (-16298.79, 1188.37) 180° 02 Fire (338.43, -5619.64)
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