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Design and Implementation of a Simulator for the Application of
Cooperative Multi-Agent Systems in Naval Battle Environments
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ABSTRACT

With the recent changes in the technology and industrial system of the 4th Industrial Revolution, research on innovative
future unmanned systems continues to increase in the marine defense industry sector. There is a great interest in
multi-agent cluster control systems in unmanned systems. In the case of multi-agent cluster control systems, there are
usually many complex and dynamic problems, so reinforcement learning algorithms are effective to solve these problems.
However, there is a deficiency in simulators for verifying multi-agent algorithms in a realistic naval battle environment.
Therefore, this study proposes a simulator based on cooperative scenarios of Unmanned Surface Vehicles (USVs) utilizing
the MA-POCA (Multi-Agent Posthumous Credit Assignment) reinforcement learning algorithm. Implemented simulator
is utilized to compare the learning performance of various multi-agent algorithms through combat tests with simulated
adversaries, specifically rule based USVs.
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Algorithm 1 MA-POCA

Input: o]. o} for agent i and time step t
k; = Number of Active agents at time step ¢
N = maximum number of agents

for all agent i € 1,....k; do
get gi(o}) by encoding block g
end for
got RSA(g;(0})1<i<k,)
for all agent j € 1,....N do
get g;(of) by encoding block g
for all agent i € 1,...,k; such that i # j do
get fi(ol,a}) by encoding block f
end for
get RSA(g;(of), £i(0}. ai)1<izhizg)
end for

[Critic Update]

J(@) = (Vo RSA(gi(0})1<i<k,) — y™)?

J(ih) = (Qu(BSA(gi(e]), fileh, a)i<isigini)) — ¥
Where

yW =1 =N G

Y = Y A e+ Y V(RS A(g(0h)1<i<ki, )
update (2 and V' by TD Learning and gradient descent

[Actor Update] )

Adv; =y — Qu(RSA(g5(0)), fi(0}, a})1<iie.izs))
Vo, 1 (0;) = E[Vy logm;(a’|o)(Adv;)]

update ¢ by policy gradient

2! 8. MA-POCA &38]&
Fig. 8. MA-POCA Algorithm
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Agent MonoBehaviour

+ maxStep: Int

+m_Reward: Float

+m_GroupReward: Float

+m_Groupld: Int

+ collectObservationSensor. VectorSensor

+ Start(): void

+ Update(): void

+ FixedUpdate(): void

+ LateUpdate(): void

+ OnCollisicnEnter(): void
+ OnTriggerEnter()” void
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Table 1. Stage manager inspector

+ AddReward(Float): void 2= 7}
+ AddGroupReward(Float): void o A
+ GetCumulativeReward(): Float =
+ OnEpisodeBegin(): void o]]o];(d_ HP 200
+ EndEpisode(): void
+ [nitialize(): void °1]°]7ﬁE U]}‘]'oa] 7H‘)|: 20
+ Heuristic(ActionBuffers): void
+ CollectObservations(VectorSensor): void o]|o HE vrle] x }\l-—Q— 71X 7V (= 5
+ OnActionReceived(ActionBuffers): veid ] ] b ] ]—E H ° q-] ] ] e (J—)
oe]HE 4% (mfs) 20
oe]HE A E£& (%) 20
usv Target do]HE wxld &% (m)s) 1000
+HP: Int +HP: Int
+ moveSpeed: Float + moveSpeed: Float O]IO]XJE U]/\]—oé 7H—),> 20
+tumSpeed: Float +way1: Int
+ DistanceList: Dictionary<String, Float= +way2: Int ol
+ TargetPositionVector: Vecior3 + cooltime: Int o]]o]Z;_]E U]/\]' = E”U] X] 80
+ bullet: GameObject +cool Int ~
+ bulletPrefab: GameObject + bullet GameObject dlo|AE ¥zt #Holr] Ho] (m) 3000
+ explosionPrefab: GameObject + bulletPrefab. GameObject
+ bulletcnt: Int + bulletCnt: int e 33 2~
+ bulletSpeed: Float + bulletSpeed: Float o]]o];g—_]__ ;d—za E‘]]O]lﬂ 7HT 400
+ bulletDamage: Int + 0bs_rader_size: Float
+ cooltime: Int + attack_bound: Float de]dE ¥4 el (m) 200
+ cool: Int + numRays: Int
+attack_bound: Float + distanceToAgent: Float
+ obs_rader_size: Float +Agent: Transform E}Zﬂ HP 200
+ numRays: int + attack_Agent: Transform
+target Transform + explosionPrefab: GameCbject 5}7)]1 U]/\]'oa] 7H:F‘ 20
+attack_target: Transform
+target_gueue: Queue<KeyValuePair<String | IR=1 PR 2 /\] Q X 7]_ =
Fioat=> + USVObservation(): Float B mIAbd AR 714 (B 5
+ Max_Step: Int + Attack(}: void Py
+ |astReward: Float + Explode(): void E}J/]l —"'1_5 (l’II/S) 20
+ isSight: bool
+ isCloser: bool | 3% v (©
+ isAbleToAttackTarget: bool E}Jj\ '(i] ‘i = ( /S) 20
+ MoveAgeni(ActionSegment): void Al wmxlel & m/s 1000
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