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This study proposes a Rol—based, data—efficient fine—grained Aids to Navigation (AtoN) classification method using vision-
language models (VLMs) for Maritime Autonomous Surface Ship (MASS). The reliability of the Electronic Chart Display and
Information System (ECDIS) can be limited by operating anomalies and discrepancies between charted and actual environments,
motivating camera—based situational awareness to support human watch—keeping, AtoNs, which are crucial indicators for coastal
navigation, are typically observed as a distant and small—scale objects, making large—scale labeled data collection difficult and
degrading full-frame classification due to background dominance, To address this, we focus on Rol—based classification under
limited supervision and compare a supervised YOLOv12 classifier baseline with CLIP (Contrastive Language-Image Pre—training),
CLIP maximizes data efficiency through domain—specific prompt engineering grounded in IALA Region B attributes and
LoRA-based few—shot tuning, Experiments on Virtual RobotX (VRX) simulation datasets under clear and foggy conditions and on
real—sea Rol images demonstrate that the proposed VIM-based classifier achieves robust performance with limited training
samples and maintains higher robustness under degraded visibility, These results suggest an effective direction for practical,
data—efficient AtoN classification in maritime environments via Rol—based preprocessing and parameter—efficient VLM adaptation,
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Table 1 Definition of AtoN classes based on IALA Region B
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Class

Body color

Top mark Shape Meaning

CE (East cardinal mark)

Black with yellow band

Two cones

(Base to base) Navigable water to the east

CN (North cardinal mark)

Black above yellow

Two cones

. Navi | h h
(Points upward) avigable water to the nort

CS (South cardinal mark)

Yellow above black

Two cones

(Points downward) Navigable water to the south

CW (West cardinal mark)

Yellow with black band

Two cones

. ) Navi | h
(Point to point) avigable water to the west

| (Isolated danger mark) Black with red band Two spheres Isolated danger
ND (New danger mark) Blue andss;ie;f:/ vertical ‘+’ shape Newly discovered danger
P (Port mark) Green Single cylinder Port side of channel
PP (Preferred channel to port) Red with green band Single cone Preferred channel is to port
PS (Preferred channel to starboard)| Green with red band Single cylinder Preferred channel is to starboard
SW (Safe water mark) Red. and V\./hlte Single sphere Navigable water all around
vertical stripes

SP (Special mark) Yellow Single ‘X’ shape Special area or feature

S (Starboard mark) Red Single cone Starboard side of channel
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Fig. 1 Synthetic AtoN images generated in Gazebo, clear
condition(a), foggy condition(b)
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Fig. 2 WAM-V model

Table 2 Principal dimensions of WAM-V and camera

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

specifications

Category Parameter Value Unit
Hull length 4.9 m
WAM-V Breadth 2.5 m
Draft 0.3 m

Mass 151 kg

Resolution 1280%x720 | pixels

Camera |Horizontal field of view 80 deg
Frame rate 30 Hz
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2.3 Hlo|eAl 28 2 A 7o Table 3 Computing environment
Category Specification
£ 70l|lA ALSSH AtoN 0[a|X| o[BS (1) Gazebo 7| 0S Ubuntu 22.04 LTS
HE AlS20lM BHzollA MAIEH 7Hak olo|X| ClolEfe} (2) AlsH CPU 12" Gen Intel Core i7-12700F
oM HHE S7H ofplx|2 THE BHAENSR FHECE Al GPU | NVIDIA GeForce RTX 3060 (12GB VRAM)
%EIOW—“ i z¢ OE'EFRP NS HoksP| flstod, 7R o] RAM 48GB
F2 29 35 3 A3 &8sk, A6l HolH= &5
Oil EEFEIKI ore %E}B.O._I JAEAMCZ 0|R0{ZIC} Alsod | Table 4 Training parameters for YOLOv12 baseline
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= 92 & =29| 714k tlolE{e] Rol Zi%| O|o|X|2 FMBINS
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3.2.1 Zero—shot TEZE AIX|L{0{H

Zero—shot &7 MSE ZX3k5P| 2ls IALA Region B 18
ol 25101 AtoN SiAE Mk vix|, V(stald At 3 F8
(top mark)E E2|Mez TAlSH EH|Ql £t YAMS(Ensemble)
ZETEZ MAIGIFCE £5] ViT-L/14 7|gk o|o|x| Q1= A
o Zo mot SEig Fisksp| 26, ZH SaA cofl thsl 574
(K=5)o| Z8ZE BEH T |, T, ., 1,512 10510 745t
ch ZH ZEZEE= 03] CiMEE ig 3}01 A THEH (AL
“Vertical stripes”, “Horizontal stripes”, “Solid color” 5), AHAb
ZEHOJAl: “Red-Green-Red”, “Solid red”, “Solid green” 5),
FHEo| &AF gl giSKO{Al: “Two black cones pointing down”,
“Green oylinder” §) & Y5 = 2 M TEHBITE A
sloj, TETE Fgt MA7}F SajAo] A J|uF Az CiME T
LS E SIACE

Salae| OfE HAE oY 7 = 2t

E

EHEO| EIAE O
g—— 33— 0

=l

HIES Fratet 7l Woalst, ch Hrafslol ¥, 1 ot
e A (Mo Lok oM 7, = ZUA o ki ZEZE
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L E.T,

lz( T+ ¢k )
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c Hi K( ET];k )
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3.2.2 10-shot /'

AR sHs XAl BESIH IAA A JlHe| o|M M2 &
Moz Folsp| 2l =Yl M| m2jo|elE Halske full
fine—tuning CHAl LoRA 7|8t 10-shot RS $3H45ICE LoRA
ARERGE 7%?'([% ™A MAt2 H H
2F Hjo|E] ollM Zool M2
E4 dlo|&{ol ChE FJ‘P‘ = —_rL_’E@.SE SE 4k
% Ao M= VIT-L/14 7|8t CLIP2| HIM-BIAE o|3CH Ly

Transformer 52| M_P(Multi-Layer Perceptron) MES0l|A

RY, AfHES J1ERE WeR™ ", LorA

mo m° Ao
I
o
8
M

AER™™ BeR “al g, LoRAZI MEE F2{2 Al
(8)2t Zto| EHEICE 047|A 72 LoRA rank, a= AAY A,
b= A StEE MEE biasE 2fofaict
f&,]“(z) =zW' +(zAB) (oz/r)vaﬁ2 (8)

SR “Mut SUllA HAES B |1 EE55| = EF SEjA HAE

o

£ LojUE thESHE' 22 FHSIICE 0[o|X| mx|2| HriakE
2o A (9ot 22 m, AALYE 2H 2, = A (1022 T2
Zlck 071M y£ LoRA /E Zxfof 2fs AF=s 22X A7
m2fa|Eolt, exp(y) £ TrAL._ 20| A7|de ZHeict ol
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AlZ-olo] 292 25t Alg2akdute| Rol 7|dt HlolE &84 s=8X| 2F 7|8 o+
Table 5 Hyper—parameter for LoRA tuning Table 6 Negative reference class composition ratios
Parameter Value derived from the zero—shot confusion matrix
Batch 16 Class | Negative reference classes| Composition ratio
Epochs 300 (Early stopping enabled) CE CN /CS/CW 10% / 30% / 60%
Learning rate 1e-5 CN CE/CS/CW 50% / 30% / 20%
LoRA rank 2 Cs CE/CN/CW 20% [ 50% [ 30%
a 4 Cw CE/CN/CS 20% / 40% [/ 40%
PS PP /S 70% /[ 30%
100
CL 570 0.0 3.0 40.0 00 00 00 00 00 00 00 00 S P / SW 30% / 70%
ot lann B .. o nn an A nm o mm me 90
CS| 20 33.0 510 120 0.0 0.0 0.0 0.0 0.0 0.0 20 O.O)ISO 0 \\ )
ow Q.U 12.0 1d.0 “ uv.v u.u v.v uv.v \AY uv.v u.U (WAY 70 o | sk l"! 5["“, o
{00 00 00 00 00 00 00 00 00 00 0.0 [H"’O go3s én‘
E INL) u.u u.u ).0 u.u ) EAVA u.u u.u UL u.u ). [VAVER ISO ":2 005
E P| 00 00 00 00 00 00 0.0 00 0.0 00 00 o ol
= VU [, 40 o 0 o s o 00 0 0w 0 0
L Fig. 4 Training/validation loss curves for 10-shot(a) and
SW|00 00 00 00 00 00 00 00 00 0.0 0.0 20 SO—ShOt(b)
SPj 006 00 00 00 00 00 00 00 00 00 "- 0.0
10
S| 00 00 00 00 00 00 00 00 00 80 WU _ N
0 £ HoiZEct o E SAHH2 74 HAE Fgu| Z-ogt
CE CN CS CwW 1 ND P PP PS SW SP N
Predicted Label A|—‘9LE|EI1 2 odqo| Mk M E= HEo| AZ ofo|X Ao
Fig. 3 Normalized confusion matrix (zero—shot) M 2351990 o2 S0{, zero-shot THALIA E} 9o EX|S T}
of 71zt Zetel 250| Blesk| 2MSH CS(Cardinal south)2
Kok ZalA 5 4 = AAlS OX HIAEQ| HX{ HIA o
AEF S o, off TS HHER i &A42 J& BAEQ} B BlA S EBIAEO|= CE(20%), CN(50%), CW(30%)2] 2 Z=x
S A N(y) E MBI A ()2h 20l FofEnh wy  EFE £ msig x18siol BISSIGICE BB, zero-shot HEIEI} AlH
Bz S2A(c)ol Bid HIgolH, ), L st Moz = ZASE Y EASf AlZE/I(eletR oz
c Y; YiC
_ _ _ _ A= SajAc| X TETEE 2X HAEZ At XE5
sich, Bistate 22551 | Slsl S0l AIBE solmmieilels =ohesl 58 =8 = 22 Hesl
Algzig 35| Sigict. EE80| AtiEoz 2 e Sua
E_/I\_K B.%él- Dz‘, Table 52|_ 7EH:|' = M- T o o= I —
o| B4 BIAE 4 H|E2 Table 61} ZCt
v E/(zz) (9)
P E(x) | 3.2.3 30-shot &Y
_exp(v)( T%p) (10) 30-shot FEoME= 7= 10-shot &5 HIO[Ef0ll TlisH 7|2
7|, 891, MEE =F 3 22| 7[HoZ HlolH Z4S AE510d
SelA 30ECE a5 E2S SZBINCE olmf LoRA = £
L exp(z;,) qp A =EEES B aommam Bl M, DI 2Alg Z35H 8
i — 108 5 Sk
exp(2,,) + D3 -y, ©XP (2, ) & HHLIES 10-shot ST SUsH RAISI01, 31 HlolEf
70| ﬂﬂ *%Oﬂ I IE dets welol 2Me & UAES
sk ClOlE T4 Al DX St SMo2 7t SelaE 2F  pMsiic),
BAEZ Fig. 32| 92 & 7l Hlo|HZ F4E d3HoHE Fig. 4_ k-shotofl & VIT 2He| &AM FMS H|wsh A
7|8e 2 MESH zero—shot A5 =5 WZ-(Confusion matrix)od| olch MZ 47} M2 10-shotel A< &AlZto| eloksh stz
M EEE 28R s vidslo] MAISIRICE 23 A 9 Al 5l AtjMez =2 X|F™olM s=Hohks 8, 30-shotdll M=
2=(True label)2 A M 2elAE, 712=(Predicted label) sk X7|2E 25| 5l5lo] o e A7 ofdX o
2 2| o Z5t SeHAES LiEfHCE JHF f 2t Mol g2 Al 2 TEets =olsiilct 53| 30-shot ZollA= epoch=
SehA ollolEvt shE Iﬁ a2 2FEl H[ES 2loloi, 2440|M z=7| B2 (early stopping)7t LHAi5l0 Z&e| mEO|
iz @4E HERSS, 1 9ol 24F B SHAckl 25 MFEC
106 gt Msts|=2 %! X 63H HM2& 2026 4



QNS - MIS - Al BB Lol ol 245 8

& st 2 |

POTSTNRE O 1 VI T I T T TR
1

Fig. 5 Example of Rol generation for the online real-time
pipeline in the VRX environment

Table 7 Detection post-processing parameters
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Fig. 8 Normalized confusion matrices under foggy conditions in the VRX
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Table 9 Classification results under foggy conditions in the
VRX
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Table 10 Performance degradation summary from clear to
foggy conditions in the VRX

Macro
F1
(Clear)

0.962
0.981
0.855
0.925
0.949

Macro
F1
(Fog)
0.746
0.798
0.842
0.914
0.937

Model k-Shot A Macro—F1| Retention

10
30
ZEero
10
30
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-0.013
-0.01
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Fig. 9 Gradient—weighted Attention rollout visualizations of the CLIP-based AtoN classifier on real-sea Rol patches
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Table 13 Attribution and license information for the images used in Fig. 10 and applied modifications
Image Author Source License Modification
(a) - Safe Transport Victoria
(b) Reinhard Kraasch
(c) David Dixon
(d) Canthusus
(e) David Dixon
(0 Toby Speight Wikimedia Commons
(9) Peter Moore
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Fig. 9 - CC BY 4.0 Resize,
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(k) ITookSomePhotos
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(n) Rab Farrow Wikimedia Commons
(0) David Dixon
(p) Lan Paterson
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