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Abstract; The semantic expression of ship behaviors is the basis to realize the intelligent recognition and knowledge
reasoning of the water traffic situation. In order to achieve the semantic expression and abstraction of the spatial-
temporal motion features of ships and improve the semantic conversion method of ship trajectories, a cognitive
computing model of ship behavior semantics was proposed. By integrating the spatial-temporal data of ship trajectory
and navigation environment information, based on the ship trajectory unit, the spatial-temporal behavior of the ship
was abstracted to atomic behavior, topological behavior, and traffic behavior according to the theory of space
topology, considering the motion states, spatial topological characteristics, and behavioral semantic characteristics.
The conceptual modeling, semantic description, and formalization expression were carried out at different levels
from spatial-temporal trajectory to semantic behavior of the ship. Finally, different types of navigation behaviors of
ships in port waters were verified based on the semantic model. Results show that the model could be used to model
and express ship behaviors with different motion features and spatial topological features in port waters, and five
typical traffic behaviors were extracted, which indicates that the model is reasonable and applicable to the cognitive
modeling of ship behaviors. The model can provide theoretical and methodological basis for semantic recognition
and knowledge calculation of ship behaviors to realize the semantic calculation and cognitive reasoning of advanced
ship behaviors.
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Fig. 1 Semantic modeling framework from ship trajectory to behavior
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Fig.2 Classification of ship atomic behaviors
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Fig.3 Spatial topology relation representation between ship and

navigation environment
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Fig.4 Interaction of ship trajectory and navigation environment

in port waters

5.1 # Ak = E @

P T I Sl ) 5 T A ) B R ik A T A A
Mo TIE A5k TR XA [F] A AR AR A HA T X
SR A TR AE A

1) SR, 9 F1 K B A R Xl b
(B2 T AR 14 S 30 AT Sy - 00 AR X el 55
ML BEIAT NI . SRBCHARTE H KSR FL2k
B2 i) DS A T SR, A5 570 XA I T 5 LA
LI IR P25 o MARTE B ai 2R X I 22



<114 -

UE I S A N -

%53 &

BAT AL 3 A AR B KA
2) TR DX 380 9 11 K 3R R 0 7K 388 [ 7
KSR e 2 B k] o3 64 22 3 R S b~ 1A XA v
ARTR IR AL B 3 AT A ) XI5

3)BEA AT

P AR TR DX ) 22 38 A7 O 6065 B A AT O

AT AT R LB AT o 45
5.2 BOKEMRAZEITANERLRE

TEHE R SR 5238 47 S %) o i B Ak L, mxS
fARSSEA T A TR A RE, Ina(16) ~ (20) frs.

1) #3450 A

HT?,F{ (Tf = 'E%%) m(RDE-9In1(T?a7E{j/%i@) =
T;/T; )} =1 (16)

2) 5EIR BT N

AT N (p, Up)) eT; ,FI(T; =T") N
(RDE-9IM(T?,7E”j> :T;13> N

4) RldT N

5)&ATHh

T F| (B =T
(Rr)rsnM(Ta,E}H‘([X?hﬁ) = T?m) }

(Rogom (pp/pi AL =To ) =1 (17) BEARRARTT R 205E T Al

W LKA AR E AT N
C )

A 4

6 %

1) WERYSE SCT RIS 47 0 3T o 58l
£ o0 BB AR I iz 3 23 B AL T3 Y

v
(Eﬁ)\%lzbi) ( mmsexs ) i
y \ 4 \ 4

> | b suwen, wwan.
ot < i

C BT T AT N R M )

BS #EOKBAMITHIEBTER

Fig.5 Behavior semantic unit modeling of ship in port waters
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