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Interpreting qualit

ative terms in the International Regulations for Preventing Collisions at Sea (COLREGSs) remains challenging for

conventional geometric collision—avoidance algorithms, while large language models (LLMs) can exhibit geometric hallucinations
that lead to unsafe maneuvers, To address this, we propose a hybrid decision—making framework that couples LLM—-based
semantic reasoning with a deterministic Safety Shield. The framework employs Retrieval—-Augmented Generation (RAG) to ground
decisions in regulatory texts and authoritative interpretations, while the Safety Shield enforces hard physical constraints based
on the Closest Point of Approach (CPA) and Time to CPA (TCPA) to ensure collision—free navigation, Validation on real—world
Automatic Identification System (AIS) encounters shows that the proposed method achieves the lowest Intrinsic lllegality Rate (IIR)

among baselines, remaining robust under sampling uncertainty. Qualitative case studies further demonstrate compliant behavior

in complex scenarios, including speed—controlled pass—astern maneuvers and unified actions that resolve multi—vessel conflicts,

By structurally decoupling semantic interpretation from physical safety assurance, this study provides a robust pathway toward

explainable and COLREGs—compliant autonomous navigation,

Keywords :

1. M

SiA BE2 M MA wede| 80% olatg EEsie 22H
S| Al ol=ajo|ct IR T i Al A[EHoR g
A5l Al 2lele| Al H|E0| Q1A TR (human error) 2t 2k
ok 210 siA Adol ofXS| 21zt ol &M 2IFof Fekst
S AlAFSICHAllianz Global Corporate & Specialty (Allianz),
2025). olxfst fiEle A o= slsP| I3t e R Ak

Large language models(ZALHAEZE), Retrieval—augmented generation(ZAISZAAY) - International regulations  for
preventing collisions at sea(ZMIGHASZ0|E =], Explainable artificial intelligence(AH

Y SERN S|

25 L(l\/lar|t|me Autonomous Surface Ships, MASS) 7|0
OS2 Aot J2Lt A sl ElE flshM e thkest 22
MAoto2= SESHA| 2en], S5 =2 Mes M5t
I MASH =X E Z2H 7*%3PE oAIEY sEo| EHo|

Py

o
Am
oh
H
>
o
0z
Of
ut
2
0E 0

+2l(International Regulations for
Preventing Collisions at Sea, COLREGs)2 “Aftl 28ks
(good seamanship)”a} Z+2 HAMX.oH2t o|=M FHS Ci

Zekst QU0q, 7|5 £=x|48 oj|2} AlEte| ‘BH2Kcontext)' 2

Received : 23 January 2026 | Revised : 5 February 2026 | Accepted : 12 February 2026

1 Corresponding author : Jong—Yong Park, jongyong.park@pknu,ac kr


https://crossmark.crossref.org/dialog/?doi=10.3744/SNAK.2026.63.2.69&domain=https://jsnak.org/&uri_scheme=http:&cm_version=v1.5

LLMS 0|83+ COLREGs 7|8t A28t QAR 211z E it

HioI5h Foist BEkS QFSICHIMO, 1972). 2 o =Tt Zrstke de 2|8 Sl MY JtsMat ok

71&e| £& HofE(Velocity Obstacle, VO) (Fiorini and Mg SAloll &St
Shiller, 1998) tE= 2E o= H|0{(Model Predictive Control, £ A= COLREGs #&3h 413 U= siMds ez
MPC) 7|gte| ZHEX E 2 M Jtsste dE Thstt £ RAG 7|8t 24 ZHMS $3i510{, Mo 1 EAE MEs
2 M3shchs &F0| RASLE, COLREGs & s MEHS TA| EE MSIgct Est UM E3of dE, ME A, =2 i,
Moz Jlgshe 73%’—01| T(Johansen et al., 2016) CiMeh =25t st A g, MuEE Zesls Txst A7|nlE dHEez
=2 M=o BN FPSBI HME IHE OllFEI71| MYsp| oy M OB IRYo| =M JisME EESISIct Lot CPA/TCPA
I oM oRE A M 3IE gHo2 FZ=0o] E81t o 7|2t Safety ShieldE ZHERR! oK HEo=Z ksl Aoj=2
Alole] &5 2HA|(rade—off)E Sz ZS5HK| Zoh= S o| 7lstetd 2 2F7F =2IH o feteZ Mo|== Almf
7t X|H=|o] 2K Vagale et al., 2021). ZZ2o0lE 0|2 2L51| BEE Aokt
2lslf Aol 2H (Large Language Models, LLMs)2 223510
7 =S K02 sfAlsll i MES Alote AWt &7t 2 X-“OI_l- I:él-tél
3t ALK Zhang et al., 2023), LLM2| 22 hallucination) !
7letete F& 2R S2|A oo| HH|=lojof sh= Mt 2
ol xR 9iERAT E 4 AT et al., 2023). 2.1 Zeeea 7

= = T

2 AT ol2{st HelolE 25| flsl, LLMe| fedsh o
2l 22 Sadn| HNEM ol X2 H3lsH 5/0/22|S oAl 2 MojlMe = AollM COLREGs Eetg 27 o10| 7}
X Tajele|3= mMoksich £ Dulo| moh AllMS =o|7) St MY HElZ Mosp| st -2 Holof M| X2l &
25l AAM ZZ2 MA(Retrieval-Augmented Generation, RAG) 7| 52 7|8kt Mk Zajdei3= () md =24 ZH(RAG), (i)
#S M9 ewis et al., 2020). RAGZH 2E0| Xf&| XAl =71 218 7[9k EEE MA(LLM), (i) 2MEM of Zl=E2 74
oflat o|=5x| o4 9jHo A|§|OE|- 2 9l X[Al H|O|AZ AlA| =|0{, Fig. 10 HA| oF[HIXE HMAIBICL.
7toz xxaio] B2 MMEls 7|a2 312t slAlS B AlZt ollM XMEE o, FH MEE Epte N2 T, =% &
o= BISiCHUi et al., 2023). 2 T 3= ojg S5 ¥ eH 5= A ()2 Lot
COLREGs #1211} & |Eﬁ UE SIMS MAIZIe=Z HMBl0{
ZEp| EoEM, | Rl shaoll e &2t Ak M s, = (X(") X! )zENt,eJ (1)

St HX

Fig. 1 Overall architecture

5] 74
et al., 2020). =3t

(Closest Point of Approach CPA) =
Si=X| ZHEN o
M X2 Zuplols

2 Hideict 5,

|'0I‘ JE

Encounter State
Node
AlIS,Radar,Environment,
Kinematics

state

Situation / Risk
Monitor
Bearing, CPA/TCPA,
Encounter flags

Zde
IAEd Oﬂ 7|kt EEH ook RESEHLewis

RAG-based COLREGs Explainer

LLM 4 RAG Retrieval \

Interpretation

Query gen COLREGs Retriever

Rules, Type, Roles KB
Encounter Role Explanation
classifer assignment formatter

query for retrieval \ j

retrieved evidence

features

Vessel / Simulation

Execution & Feedback

of the proposed RAG-based COLREGs explainer

M o Hefs ot t t
£=(safety shield)2 0|5 ZZ3s104, olof A HR-EH, = &2 UL Mgk S & siAoll 22
fShe oFd =715 flttshs 298 AANS o gy HEE onjaich & AToMe ASZFE ES58t 9
Hof 'silA{'2 LLMo| elists] =218 ol x|(9]-Z5), SOG, COGE ARBsIol T Mute| 25 HElS

Structured Explanation
' Output
Retrieved rules, type, roles
Context

Guidance

70

gtz Mstsl=27 © 633 M2& 2026 42



Ttk ol LLM /3 &gt vV, & 2& T Mutg 2dlst

t
A| gk, off Al tolM ApM(ego)mt = Mub 7t 228

2 71E(DCPA) 2 A2 HT ARKICPAZ AESH S,
()> ol Mut F popA 28xECZ M A9l k

= Zefalsiol PAEICH
52 y, = Lol Fislst #7431 piek 2AE 7

Ye = (a’llm,Lt’ ks oy C;f’rt) (2)

rir
—
—
<
=}
=
e
il
gt
Ofn
)
(e}
o

=5
&~
rir
i)
ot

40{ M(rationale)

Ta oA AMmt ek 24 4Ho| Es= ME JHEI SE2
LIERACE Zafele/3o| siAl @401 COLREGs KB(Knowledge
Base)= =A|5l A& =0l *FPS! | F2(ful text)2t 2 sHAA
(commentaries)S BIAE M3 (chunk) HHIE X3l 21

=) oole] HAL0IEh AIRER of XA HolAS BE3lof &
M P Aol Faste 7E 222 MARIOZ HMsiD =
Euco| FoglomM, LIMe| 222 AX YA Hacd]

=
& (grounding)Al7|= ground truth &kS s}

M.

2.2 M 3L YE(RAG)

z

2 o7 COREGs 221 243 i siixlze 2
&D gem, Ol2 XAMoOlAZ AIBSICH 7MY EbE
ApEl T

Eof| 7|HISIEE BlE= oAske £sisic)

A
—_ == =}
= Ml 5, 258 Ol ¢, =¢(s,) & TSI, X|AH[0[A

232 SHEZ Hgheoza, M

= 271 2HA D(COLREGs Z=&HaHAd
Mo T, of AH MMelE Eo| ¢

Ml

=

£ oH|E HIEZ B3kt F ARl FAIZ (cosme similarity) £
o= A9l KNl 2 B8 Z,={z), -,z
opExjo|ct. 24 k= Evidence ID, %X-l(—E—H/ZF_@), 2|7 sHAl
ALEoZ AEICE

= disls
= H|_|'|_°

T

2.3 T 218 7|4t HEk MY MH(LLM)

MY ehfolME =2 4

o

ofot

5,2t 27 58 7,2 ooz

Yy = G() (St, Zt) (4)
o7IM G, =(- )= T2l|e § & Z= LM 7|dt Mo a2,
A2A(s,, Z,)8 "M 2ok (evidence)-&E3 A7 [0} el

ZEZEZ Mt F| USON & ¢, & MMsich J
Gy (s,,7)—y, B Hol=n], YuE F2H2 =
slEl =g npyElct 222 2| 3 HIHE 2lsh JSON 2
2 ZAlsiny, 4 == action(ay,, ), rules(Z,), encounter
(k,), role(p,), citations( C}), rationale(r,) 2 1&SICL citations
oz 2/ T2 Z 9 AHXHevidence D)2t EXE HAISH04,
2o & MEHD} x| M=0| =dE 270 2fs XIX|==X|

-

A 29 < -T-’rgo*, 07<I’“1/JLI°V‘1 g “EHJ %30'2 &
M 22l7A2], oE Fa 222 & Holll 2ot £~ HES
ZBBICE 2H Z, & evidence 1, evidence 22t 20| HSER

g e MISSich

Hot A
£ 78%4% 2l 222 Zt01I i%f%l A2 QIESHES |
=

rok
ol
=)
i
E
o
H
_H‘_
AN
oy
=
m
Pal
§ 9
rlo
:E
m
Q
[}
=)
(]
mju
o J
—0

T "
ol MafspiLt B4 WU} raig B 18 A
M Fol lslel 45 Tl S Aigels
-|7(|-o|-|:

v

2 2a2

>.
i
n
oo
o
rlo
N
(@]
2
10
r2
=
it
[N
i
ofm

:IOL
b
]
o
oM i
[l
_‘,"'_

2.4 LoRA(+SFT)

FFE
|'O

—_rL | 712
Zgiol | LaMA(Touvron et al., 2023)E #lEHs
LLaMA= Cikst HIX|Of30A RISE —?—%‘—EF =B 582
oz S skl AEls dMek= ol A E.EF = Mds2
gict JBut Uit Z2jo|eE TR 23
Fine-Tuning)st= A2 2iCHSH o4k RS :
Olofl 2 o47= LoRA(Hu et aI 2021 ) IJ% 751%3}04 =

2l(base model) 25 2 AA J|Hte| 1M

r| r_>d
2
mjn
[m]
=
&
’_ﬁ
c

ro
ol
Ok

o)
ot ]

3

=3t Xﬁ';”i c<>.1.*34(|0\/\/—re1r1k matrlces)'i%

sk= dHlo|ct o[ &3l NVIDIA RTX 5090}
PU SHYOIME MZ2| TS Z|2Eteln E1HA

X|E 0|M|Z=H(Supervised Fine-Tuning, SFT)0| 7Is3HES

>
on (!)‘i Ja

o m I
rlo_,o_
mo-
ne e

In)
G)E_l
ImH

o

ﬁ

o 2
tol
ol
R
ik

k

I[|>

Hlolefs ‘=% AlF Q2’1 "ME7F MEKexpert label)’
Moz FMEICE of7|M MEJF M2 oIzt mEle| =MDt
|

il

SYURE tixMs| fisl, AS=E A& 7|gk L2|E(rule-based
algorithm) 2| ZHEM £242 ALZsl0] YMSICt &, 2 &5

JSNAK, Vol. 63, No. 2, April 2026



LLMS 0|83+ COLREGs 7|8t A28t QAR 211z E it

AHE—E— & 1A =2|E MMsk= Zo| ofzl, & 7|8t
meks olo] mEo| A=A Msisti=E HE
(ahgnment)SI— AE FHoZ st
-_rLX1|7“° = 3”’&! Sie= (1) MolE JSON A7|oje| 44
i) MZE B BIAE el Lo
= ZHhallucination) 23M|, 2|22 (ji)) M
==l 3l01|/\1_'.:_ UnE AESo A MESE &3 Y
Aolct. olzfst AMIEIE sk AI%E.J g5 slolHIlE|EH=
Table 10] 22kiCt FAHMOZ, [ oRAS| OfHE F7|E 24
Sh= rank(r)2t 2AHLE A (a)= PEF:'|E1 FSM1} a5 ot
HME esto] 282t 162} 322 MFSINC EE°._F, x| 27|

= —|E

|'oI'
_~|>|
=
Q
3
o
Q
o
N
o
|'|0II o
=3
3 =

(batch size)= MIEHEl GPU M 22|E 12{s101 82 MMsis|, 1
2iCIHE FX(gradient accumulation) 7[#HS Hisi5io] oA

ol $EE RESIAC

Table 1 Hyperparameters for LoRA-based adapter tuning

(SFT)
Hyperparameter Setting
hyperploRA (r, a,p) r=32,a=64,p=0.1
Learning rate 2x107
batch size 8(B=1,G=38)
Epochs E=50
Optimizer Adam
Sequence length 1024/512
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Frise(Xp) =17 and 0 <tepy <ty (5)
0, otherwise

0{7|M X, & AlZt tollAe] RRM-ERME} ATl A
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di5H =2 Eod A (Korea Research Institute of Ships and
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Table 2 The principal particulars of Haeyang Nuri.

Item Value
Length 26.5 m
Beam 54 m
Draft 1.4 m

Displacement 97 t
Design speed 12 kn
Main engines 441 kW X2 (sets)

Fig. 2 Testbed ship Haeyang Nuri
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Fig. 5 Comparison of intrinsic illegal rates across model
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Table 3 Summary of quantitative performance metrics
across comparative models

Model Final Score Action F1 Safety

Base 0.65 0.68 0.23

Base + LoRA 0.62 0.55 0.30
Base + RAG 0.67 0.58 0.20
Base + LoRA + RAG 0.80 0.71 0.13

5104, Baseline(0.23) CHE| 2F 43%2| 7HM 1= ERI5IIC
4.2 AIS 72t HM Al EM

2 HojA= M 4.1F 9] Mt opt pdo| SAM Mss

S| NEE
ASIHCHE, 2 HoflM= AF| silAl AL 201 AJARIO| oS
=28 QA E HA oARZHo| Rk AEXo=R B
$lch Fig. 6~9= A AIS 8/ HO[EE 7|8to=Z, 7|5let 2|
& 2IXollA] AlEfSI0] RAG 7|8 7 AT} LM SiE MM S A
XM 2ERQI oM £l= AZBol| o|2= U X2l Y S chHd
2 ZASIYCE 0| &l FxIPtezE molsl| ofzi2 ‘Ml It
= Z7{(Explainability)’ 2F ‘ZA™MEN oFd HZENSafety
Assurance) 9| MSEE MFHES TAHEE =elsict

Fig. A Z=R(Head-on) Akl CHet 2A Al Hof
=ct, Ali.%l% ok Muto| Hioz oI He Mo EFXl=

HElE 2HZE &= flaS AlEstn, e =210| COLREGs A|
14Z M A2 HIECZ 23 HAS =X|Z2 HMAIsINCE
O|F oFd gl== Mokl =X|7t 22|& o 7|F(DCPA/TCPA)
2 UESk=X| HEst § 2E W52 YNt

Fig. 72 WXt Z=(Crossing) A&olM T|g o|FE olalst

ARIE MAISHCE ARM(m2H) 7|Ze = EfM(Eap)o| 23
gkskol| A 2t Starboard—to—-Port crossing)atd HZ &kl
2} ApMo| mehM(give-way vessel) 22 WCHEICE A|ARI2
COLREGs M157=H|16Z=0l 275l M= Zlcte mlsl Mol &
IHpass astern) & Foks EZ Hd(heading alteration) =X

g TEsgion, 5 mjgel 5 YYD Lol MY thi=
SsIGICt 0% of 4 AZS S8 sl ZAl 22/
o 7|Z(DCPATCPAIZ BH53I2 Solst 5 3(F BSoz
N gsiic

Fig. 82 £ Moi2 Zaket S3 kMo S3t M2pel

ARIE EoiFCh ohe A2 J/A| Al AHMO| ZZE JIZX|E
olslo| Exf5l2z, AlARI2 Fa|st |
ol 274510 e A| 251} &= H Sh= M2kg ME
SiFCt £35| Fig. 89 & mid2 ZZMAS| |
Mol ofA|2, MMZRE RE J|st M (panel 1)t RAGE
Soll ZAME COLREGs M8Z/HM15=(panel 4)7} ZAX}e| %=
= 742l glo] A|AE| ols Al=22 ElEHSserialization) =)0
DIETER Hislz|= IS LIERCH

ol2{st Meho| AlZIS0llM al=l= TR Fig. 1001 EAIS

JSNAK, Vol. 63, No. 2, April 2026

75



LLMS 0|83+ COLREGs 7|8t A28t QAR 211z E it

1. SENSOR DATA & GEOMETRY

SITUATION: Head-on (Rule 14) - CONFIRMED

- TARGET: Reciprocal Course (Delta COG = 160 deg)
- ASPECT. Mutual Dead-ahead
(RBown < 15 deg AND REBtarget < 15 deg)

- RANGE: 0.12 NM (222 m) - [CLOSE-QUARTERS]
-DCPA: 0.1 NM (204 m) - [CRITICAL]

3. HYBRID DECISION & EXECUTION

[STEP 1] LLM PROPOSAL
> Action: Alter course to Starboard (Substantial).

[STEP 2] SAFETY SHIELD VERIFICATION:
= Check: (Pred. DCPA »= dmin) AND (Pred. TCPA >= tmin)
> Result: PASSED (Intervention = 0)
[STEF 3] FINAL COMMAND (Rules 14, 8, 34):
> HELM: HARD STARBOARD (Dealta Psi == 20 deg).

> ENGIME: Standby
> SIGNAL: One short blast (intention).

Fig. 6 Qualitative result for Head—on encounter
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2. 00W APPRAISAL

OBSERVATION: Constant bearing with decreasing range.

ASSESSMENT: Risk of collision cannot be ruled out.
(Condition: d(Brg)dt < Epsbeta and TCPA < Tmin)

RATIONALE: In a head-on situation, both vessels are required
to alter course ta starboard to pass port-lo-port.
(See Citation [E1]. [E2]).

4. RAG EVIDENCE (Retrieved Context)

[E1] COLREGs Rule 14 (Head-on). °...each shall aller course fo stbd...”
[E2] COLREGs Rule 8 (Action): "_..action shall be positive, eary..”

[E3] COLREGs Rule 34 (Sound): "...one short blast to mean | am altering..”
(Source: IMO Convention 1972, Consolidated 2018)
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1. SENSOR DATA & GEOMETRY 2. OOW APPRAISAL
SITUATION: Crossing (Rule 15) - CONFIRMED DBSERVATION: Target is on own starboard side,
Bearing is constant, range is closing.
- TARGET STATUS: Crossing from Starboard 1o Port
- RELATIVE BEARING: Starboard Bow (+045 deg) ASSESSMENT: Own ship is the GIVE-WAY vessel
(Targetis in the Sector: 005 ~ 112.5 deq) (Condian: Targetin 0~112.5 deg RE AND Risk existz)
- RANGE: 0.30 NM (556 m) - [RISK OF COLLISION] RATIOMALE: Per Rule 15, when two power-driven vessals ane crossing,
-DCPA: 015 NM (278 m) - [CRITICAL] the vessel which has the ather an her own starboard side
shall keep out of the way and avoid crossing ahead
(See Citation [E1], [E2]).
3. HYBRID DECISION & EXECUTION 4. RAG EVIDENCE (Retrieved Context)
[STEP 1] LLM PROPOSAL [E1) COLREGS Rule 15 (Crossing): ... vessel which has the ather an
> Action: Alter course bo Starboard fo pass aslemn, her own slarboand side shall keep cat of the way..”
[E2) COLREGs Rule 16 (Acfion by Give-way); ", take early and
[STEP 2] SAFETY SHIELD VERIFICATION: substanbal action o keap well clear”
= Check: (Pred. DCPA >= dmin) AND (No Crossing Ahead)? [E3) COLREGs Rule B {(Action): "...awoid crossing ahead...”
> Result PASSED (Intervention =0) (Source: IMO Convention 1972, Consolidated 2018)
[STEP 3] FINAL COMMAMND (Rules 15, 16, 8%
>HELM: STARBOARD 20 (Aiming to pass target stem).
> ENGINE: Maintain of Slow dovn if necessary.
= SIGNAL: One shord blast (intention),
Fig. 7 Qualitative result for crossing encounter
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1. SENSOR DATA & GEOMETRY

SITUATION: Crossing (Rule 15) - CONFIRMED

- TARGET STATUS: Crossing (Target on own starboard side)
- ASPECT. Target on Starboard Bow (+045 deg)
(Targetis in the Sector: 15 ~ 112.5 deg RB)

- RANGE: 0.35 NM (648 rm) - [CLOSE-QUARTERS)
-DCPA: (.15 NM (278 m)

3. HYBRID DECISION & EXECUTION

[STEP 1) LLM PROPOSAL (a )
> Action: Alter course 1o Starboard 1o pass asbem.

[STEP 2] SAFETY SHIELD VERIFICATION
(Pred = Prediction after applying LLM Action)
> Check: (Pred. DCPA > d__) AND

{Prad. TCPA > L JAND (Passing astern)?
> Resull: PASSED (Intervention = ()
[STEP 3] FINAL COMMAND (Rules 15, 16, B, 34);
> HELM: STAREOARD 20 (Aiming to pass targat stam).

» ENGIME; Maintain or Slow down if necessary.
> SIGMAL: One short blast (intenSon).

Fig. 8 Strategic Decision—-Making for pass astern
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2. O0OW APPRAISAL

OBSERVATION: Target is on own slarboard side.
Bearing is constant, range is closing.

ASSESSMENT: Own ship is the GIVE-WAY vessal,
Conditon: (15 deg < RB_ < 112.5 deg) AND
(DCPA<d_ )JAND (TCPA<t )

RATIOMALE: Per Rule 15, vassal with the olher an her starboard side
shall keep out of the way and avoid crossing ahead.

{See Cilation [E1], [E2]).

4. RAG EVIDENCE (Retrieved Context)

[E1) COLREGS Rule 15 (Crossing): .. vessel which has tha olher on
her own starboard side shall keep out of the way...”

[E2) COLREGSs Rule 16 (Action by Give-way) " . take aary and
substantial action to keep well clear,”

[E3) COLREGs Rule & (General Action): "Action shall be positive,
made in ample fme, and with due regard to good seamanship.”

[E4] COLREGs Rule 34 (Sound): °...one short blast..”

(Source: IMO Convantion 1972, Consolidated 2018)

o E AHEXN 2E0| ZHske 2 #2|(Decoupling) T
o

oFd = 2ot AlXHECR HE 7542 HAIGH

M WIME topp 2812 Sof MEBY 43 Hsldl st
M5 o ok BT S u|@aick 1 2T Hek wee topprt
SIRIs ZZOIME o AE| ofRtE AtiMoz oSt
3

Sk2 E3ict o= RAGZH 44 TRHoIM &= Jkset 2HE
7

M35t 8 &2l 2oldg E0|1, ok HE0t V(s
OR HMoks THESH| b= ZXIE HEIRIAM XIThtiMEeR




oN
>
ret
o
P
0f0

]
. . /‘\
i -
o] I.'\'\ E
e
Dot ‘ ’
oo Wbl i ./__.-' i

1. MULTI-TARGET AWAREMNESS

SITUATION: 3-Viessel Encounter (High Complexity)

[T1] Head-on (Red); Range 0.30 NM - [MDT: PRIORITY 1]
{Immediate Danger, Dead Ahead)

[T2] Crossing (Yellow): Range 0.80 NM -> [PRIORITY 2|
{Approaching from Sthd Bow)

[T3] Head-on (Sky Blue): Range 1.20 NM > [PRIORITY 3]
{Approaching from North Diead Ahead)

3. HYBRID DECISION & EXECUTION

[STEP 1] LLM PROPOSAL [Unified Action):
> Action: Alter coursa o Starboard (Substantial, 30 deg).

[STEP 2] SAFETY SHIELD VERIFICATION:
» Check: Risk(T1) & Risk{T2) & Risk(T3) < Safe
* Result PASSED (IntervenBon = 0)

[STEP 3] FINAL COMMAND (Rules 14, 15,8, 2):
» HELM: HARD STARBOARD (To clear entirg $echo).
> ENGINE: Standby / Slow down if tuming radius is tight
> SIGMAL: One short blast (intention).

Fig. 9 Resolution of Multi-Vessel conflict
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2. O0OW APPRAISAL (Integrated Assessment)

QBSERVATION: Dense traffic situation,
- T1 & T3 (Dead-Ahead): Both require Starboand Tem (Rule 14).
- T2 (5ibd Side): Reguires Give-way (Starboard Tum, Rule 15)

COMFLICT CHECK: Single maneuver for all targels?
> Analysis: Starboard tum satisfies Rules for T1, T2, and T3
> (Lef tum is FATAL due 1o T2).

RATIONALE: A large starboard alteration is the only viable opon
1o clear T1/T3 (Port-io-por) and pass astem of T2,

4. RAG EVIDENCE (Retrieved Context)

[E1] Rule 14 (Head-on): "Each shall alter course io stbd, "

[E2] Rude 15 (Crossing). "Keep out of the way... avoid crossing ahead.”

[E3] Rule B (Action): "Acton shall be positive... amplhe Bme.."
[E4] Rule 2 (Responsibility) “Special crcumstances..”
(Source: IMO Convenlion 1872, Consolidated 2018)
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Fig. 11 Time—Series Analysis of Multi-Vessel Conflict Resolution with Safety—Shield Activation
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