56 % 411 LI/ N AN T Vol. 56 No. 11
2024411 )] JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Nov. 2024

| A& COLREGs YK FX@iIgSINFER

TLAM AN AR R B sk A Al

(1. 7K B AC 8 4 ) 4 [ T SE 80 28 (PG T2 ), BRI 430063 52. [ R KE %4 TRH AR .0
(TR 30T 430063 53, T TR = WRMAIET R R =7 572000)

W E. hEIAERE LB AN (COLREGs) % i Xk GHE ibmmE &L AN KRB REMHSHER N, R
W — b Bk A COLREGs W33 A s it £#E 7%, 2T COLREGs K b @78 035 3R A b 2@ 4578 4 0 ot e at
FBEHE RRATH FUHEEZZHEHEANEGER MEK LB F WA, XA AKZEH LI COLREGs 7 & #HA
MR A Rk B R R I BRI R B R £ COLREGs R A it EAEZR TR H — M ETHBHEEY
W kit A ok, SRR B I A AL A ATS 24, 7 37 5 3E U B e Al _E Xt COLREGs 37 % ik fo AL 34T E 4 10 3F , 45
REV A THER Sy 7ok, rREA SR PO LB E TN FHEERTHRFEOTE, P X
FHRPELXEIAA RO RREEE, ARBEEAO R AEE T AN THRMEIAAMNARTH G FE T ABEAT
AT Fn A B,

KW KHEIEH;COLREGs; K b x5, iR @A, 4 Kk ik, AMK

FESES, U675 XERARERD ., A XEHS: 0367 —6234(2024)11 - 0151 - 11

Cognitive modeling of waterborne traffic scenario incorporating COLREGs

WEN Yuangiao' >, CHENG Xiaodong'”, HUANG Liang'*”, HUANG Yamin'?, XU Shungiang'*, ZHONG Shubin'*

(1. State Key Laboratory of Maritime Technology and Safety ( Wuhan University of Technology) , Wuhan 430063, China;
2. National Engineering Research Center for Water Transport Safety ( Wuhan University of Technology) , Wuhan 430063, China;
3. Sanya Science and Education Innovation Park, Wuhan University of Technology, Sanya 572000, Hainan, China)

Abstract; To achieve semantic expression and reasoning of scenarios under the International Regulations for
Preventing Collisions at Sea ( COLREGs ), enabling ships to understand and reason about waterborne traffic
scenarios similarly to humans, a scenario cognition computing modeling method incorporating COLREGs is
proposed. Based on the semantic description of waterborne traffic scenarios under COLREGs, this approach parses
the scenarios into a comprehensive system of interactions among elements such as time, objects, attributes,
relations, behaviors, and events, thereby constructing a conceptual model of waterborne traffic scenarios. It
employs ontological modeling to structure the expression of the COLREGs scenario conceptual model. Through
defining semantic computational operation functions and trigger sets, a COLREGs scenario cognition computing
framework is established, leading to the proposal of a logic reasoning-based scenario cognition computing method.
The model is validated with case studies using the environment of Xiamen Port and ship AIS data based on semantic
extraction from scenarios. The results shows that, compared to data-driven model, the proposed model can describe
and computationally process object atiributes, ship behaviors, and traffic events in scenarios, and support the
acquisition and querying of related knowledge of various elements within the scenario. The proposed scenario
cognition modeling method is feasible and effective for enabling autonomous scenario cognition of ships under rule
constraints.
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Fig. 1  Constituent elements of COLREGs scenario
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99\2\&"“030

3 COLREGs A4
Fig.3  Ontology of COLREGs scenario

1) BRI, B ] 28 R i 3 3 55 1) I i s 1)
SEOCI R AR SR B 0], L e (R A (A A Al ST
Y5 R AR 718 48 G R S

2) X2, MHIAZESE COLREGs 375 1) 5 X}
S AR WU ERBR AR SRS RS
G H AT S A A IS DL B AT S A A, e B
B2 b B b A SR B s A SR e ) 2 [l B ) o

3B, BRI, K
AR LR M AT R o3 R A M (A8 Bl R 3 AS |
i ) FBh A8 v CAnfin s A L E ) X T
B2 e N =R B B B o B 7 B2 LR X @ (B2 N VA
B T REJE M (AT BRI |

4)KFRH, KRB TRIBRT G S, A
PN G 5 5% G2 22 A A I [ 248 52 | 2 ) 4 3 DA R X
R AR IR R AR, W 50 M B P C R (%8
T UET) ERMKER (R Jrhi FHEh) Fil SO R
(A5 BRKE k) .

SYAT R, 17 A8 LR 8B R KR
G i Rl N5 O [V D e S B 2 X B s

JEPEAT R (ARG 7 B WL Ie] | AR Ak FOC R AT
R (ARG BE B AR 7 A2 AR )

6) FEAE, RIS AT R0 2 RBEFRE 1%
FE ORI G AT RTERT 2 RO LRy As . i
THA 2 TR X G247 N2 A e /NS RS
JEPEAT R EE R AT R AS A4 AT 77 AR T A
TEJR SR | R S [R] 9 37 5 45 5 A N Y =
P REER SFE LR ICE bR,
2.2 BEAREEMN

AR (1) J R R AR AR S T s, 1T
iR s AR R R RS LA S s T s
PEEAERF IR B R @ M S o A (AR5 40 i 1 L
#1,

2.3 BEXREXREEE

HRYE A AR | A A e £ A S Y ¢ 3R X
ZlEMRFR, HOS TS5 S NEX4
ZIRFR, WA R S5Th FF s Z
HXKRE, BRY s AR REERE 2,



511 SCOTHR, % fil COLREGs FY/K [ 3858 &y i\ I dest - 155 -
®1 HRAEBERGE
Tab.1 Data attributes of the scenario ontology
eSSl Bl Ja 1 RS E SR E3
hasName 2R ship/environment string
hasGeometry JUMIERS ship/environment string
— hasIndex Hir' environment integer
hasMMSI PUIED ship integer
hasShipType i 2 5 ship string
hasEnvirType 78 el environment string
hasTimestamp s [a] Jg ship/behaviour/ event integer
hasCourse D] ship float
hasLocation ; VA S ship/environment float
S, hasVelocity i ship float
hasRelativeDistance AT HE B ship float
hasRelativeBearing L EPOE A ship/environment float
hasWatersDepth KR environment float
hasFairwayCourse ACIE )y 1] fairway float
xR2 BEFREXRENX
Tab.2 Relational attributes of the scenario ontology
251 KRB X & sk 35,
hasBehavior Bk ship behavior
hasRelation PSS ship/ environment relation
hasChange AR behavior/relation/attribute atom event/behavior
hasAttribute flEbE ship/environment attribute
hasEvent £ it ] scenario event
hasScenario B Y ship scenario
hasTrack FER7/Bu ship trackSegment
HER hasTrackPoint AN trackSegment point
occurTime R A TH] behavior/ event/scenario time
occurPlace St L, behavior/ event/scenario environment
follow PR behavior/ event/scenario behavior/ event/scenario
include (s event/scenario behavior/ event
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isPartOf &t behavior/ event/ scenario behavior/ event/ scenario
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P — inside/outside TEH/ A1 ship environment
away/near IV S5y ship ship/environment
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Fig.4 Process of cognitive computing for scenario knowledge
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No TrackPoint  MMSI Time Lat Lon COoG SOG Course_changeSpeed_change Topology Place
0 P1 371625000 1460492704 24.28928 118.282 257.8 83 Begin point Begin point Outside
1 P2 371625000 1460492714 24.2892 118.2815 257.7211 8.378947  KeepCourse Accelerate Outside
2 P3 371625000 1460492724 24.28911 118.2811 257.6421 8.457895  KeepCourse Accelerate Outside
3 P4 371625000 1460492734 24.28902 118.2807 257.5632 8.536842 KeepCourse Accelerate Outside
4 P5 371625000 1460492742 24.28895 118.2803 257.5 8.6 KeepCourse Accelerate Outside
5 ©P6 371625000 1460492752 24.28886 118.2799 257.5244 8.673171  KeepCourse Accelerate Outside
6 P7 371625000 1460492762 24.28877 118.2794 257.5488 8.746341 KeepCourse Accelerate Outside
7 P8 371625000 1460492772 24.28868 118.279 257.5732 8.819512  KeepCourse Accelerate Outside
8 P9 371625000 1460492782 24.28859 118.2785 257.5976 8.892683  KeepCourse Accelerate Outside
9 P10 371625000 1460492793 24.28849 118.2781 257.5474 8.952632  KeepCourse Accelerate Outside
10 P11 371625000 1460492802 24.2884 118.2777 257.5 9 KeepCourse Accelerate Outside
339 P340 371625000 1460515461 24.48867 118.0655 29.2 7.3 Port Decelerate Inside  Anchorage
340 P341 371625000 1460515541 24.49097 118.0668 246 6.8 Port Decelerate Inside  Anchorage
341 P342 371625000 1460515581 24.49213 118.0672 19.4 6.6 Port Decelerate Inside  Anchorage
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Fig.5 Extraction of semantic knowledge on ship behavior
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Semantic extraction and annotation
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Trafic Scenario: Ship anchoring
Description: The KuoTai ship was anchored
within Anchorage No.2 on April 12,2016,

Q

Objects: Ship and environment

| Behavior:The ship engages in

Ship:KuoTai Vessel
Environment: Anchorage No.2

Attributes:Attributes of the ship
and environment

> . .
anchoring behavior

Relationship:Spatial
relationship

Ship Type:Power-driven vessel
Ship Length:168.8 m

Ship Initial Speed:0.5 kn

Ship Final Speed:0.3 kn
Shape ofthe Anchorage:
Rectangular Anchorage
Anchorage Depth:10 m

»| Description:The ship
is encompassed by
Anchorage No.2

Time:Time period
Start Time:2016/4/12 21:27
End Time:2016/4/12 00:45

7 SEIBGRETE X SRR

Fig.7 Semantic structured description of the anchoring scenario
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Property assertions: ship_kuotai MEEH

®mhasTrackSegment shipTrackSegment_kuotai_8
®mhasTrackSegment shipTrackSegment_kuotai_2
= hasBehavior saillingin

= hasTrackSegment shipTrackSegment_kuotai_10
= hasBehavior accelerate

®mhasTrackSegment shipTrackSegment_kuotai_12
= hasBehavior turnPort

®mhasTrackSegment shipTrackSegment_kuotai_14
= hasBehavior stay

= hasTrackSegment shipTrackSegment_kuotai_3
= hasTrackSegment shipTrackSegment_kuotai_16
= hasBehavior keepCourse

= hasTrackSegment shipTrackSegment_kuotai_4
®mhasTrackSegment shipTrackSegment_kuotai_6
W hasTrackSegment shipTrackSegment_kuotai_1
= hasTrackSegment shipTrackSegment_kuotai_7
= hasBehavior saillingOut

®mhasTrackSegment shipTrackSegment_kuotai_9
W hasBehavior decelerate

W= hasName KuoTai

= hasTrackSegment shipTrackSegment_kuotai_11
== hasBehavior turnStarboard

= hasTrackSegment shipTrackSegment_kuotai_13
= hasTrackSegment shipTrackSegment_kuotai_5
= hasTrackSegment shipTrackSegment_kuotai_15
= hasBehavior keepSpeed

Data property assertions
W MMSI 371625000

= shipWidth 27.3f
w= shipLength 168.81

B8 fRA KUO TAI EfitzE
Fig.8 Construction of the instance for the ship KUO TAI

Property assertions: shipTrackSegment_kuotai 6 M=

Object property assertions
B hasBehavior turnStarboard
B hasBehavior decelerate

Data property assertions
= endPointSpeed "5.2666"**xsd:double
B beginTime 1460510782
B beginPointLatitude "24.359"**xsd:double
B beginPointSpeed "10.794"**xsd:double
B beginPointLongitude "118.154"**xsd:double
B endPointLongitude "118.131"*Axsd:double
B endPointLatitude "24.373"**xsd:double
B endTime 1460511581

E 9 fiHA KUO TAI $ifREs SEfG# 3

Fig.9  Construction of the track segment instance for the ship

KUO TAI

iz FH SWRL HLI Xf 47 5% *E’J?ETI‘ TN HEAEE
1 SR ST A N AT A B e R
|
hee = | peiv petipBebavior [,y T4 2
{ ( Name, "X"), ( velocity, "a", t, ),
(velocity,"d",¢,,,) , (dvelocity,a < b, [ ¢,,

ti+1}>€ <3)

ATER DL A F T A e ship (7 s) © track
(? t) ~ hasTrack(? s, ? t) ~ Point(? pl) " Point

(? p2) ~ hasBeginPoint (? t, ? pl) ~ hasEndPoint
(7 t, ? p2) ~hasVelocity(? pl, ? vl) "~ hasVelocity
(? p2, 72 v2) ~ swrlb; lessThan (? vl, ? v2)

hasScenario (7 s, AccelerateScenario) , [F) ¥, A] &

W B 2 R A P LR 3
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Tab.3 Rule base for logical reasoning

%' SWRL 4] i
. ) ) e R L3 2
1 ship(? s) " track(? t) ~ hasTrack(? s, ? t) " reflects(? t, ? b) * behavior(? b) — hasBehavior(? s, 7 b) L
AT T N
2 hip(? s) ~ track(? t) “hasTrack(? ? t) * hasBehavior( ? ?7y) hasS io( 7 ?7y) st s 2545 %
ship(? s rack (7 asTrack (7 s, 7 asBehavior(? s, ? y) — hasScenario(? s, 7 y .
TN TR
ship(? s) " track(? t) ~ hasTrack(? s, ? t) *~ Point(? pl) ~ Point(? p2) "~ hasBeginPoint(? t, ? pl) "~ hasEndPoint
3 (7 t, 2 p2) " hasCourse(? pl, ? c¢l) " hasCourse(? p2, ? ¢2) ~ swrlb:lessThan(? cl, ? ¢2) — hasScenario(? s, FFMFH
TurnStarboardScenario )
4 ship(? s) "~ track(? t) “hasTrack(? s, ? t) ~includes(? t, ? TrackSegment) " sailing_in_anchorage( ? TrackSegment) ' A i 3th i XF
"~ anchorage(? p) " LA4(? TrackSegment, ? p) — sailing_in_Anchorage(? s, ? p) E S
s ship(? s) ~track(? t) “hasTrack(? s, ? t) " sailing_in_anchorage( ? TrackSegment) " includes(? t, ? TrackSegment) 3§ A 4 Hi A9
— hasBehavior( ? s, sailing_in_anchorage ) TH
6 ship(? s) " track(? t) “hasTrack(? s, ? t) ~ hasVelocity(? s, ? x) " swrlb:lessThanOrEqual( ? x, 0.5) " anchorage e
wH{HAT
(? p)” hasTopoIn(? s, ? p) — hasBehavior(? s, anchoring)
; ship(? s) * track (? t) ~hasTrack (? s, ? t) * includes (? t, ? TrackSegment) * sailing _out _ anchorage (7 3 Hi 4li b A XF
TrackSegment) * anchorage(? p) ~ LA4(? TrackSegment, ? p) — sailing_out_anchorage(? s, ? p) ESSS
g ship(? s) * track (? t) ~hasTrack (? s, ? t) * sailing _out _ anchorage (? TrackSegment) ~ includes (? t, 27 B H} 4 Hb A9
TrackSegment ) — hasBehavior( ? s, sailing_out_anchorage ) Th
ship(? s) “near(? s, 2 b) ~ship(? b) “hasRelativeBeaing € [ -336.5°, -185°JU[ -175°, -22. 5°]JU[22.5°, .
o 7 " i ESOS T

175°]U[185°,336.5°] (? s, ? b) — CrossingScenario(? s, ? b)

T PR U5 5 4 SR R 4 B LR AT 3
SONFITHEE . K10 AR KUO TAI 7€ 16 >k
Berh 2 1) COLREGs 37 555 45 5 (B &1 rp v £,
XIS ) o ARPEHLI B PO AR IR AR e A S
G R M C R AL AT AR L) Bl
TR G 28, T A4S AR KUO TAT B
PRIATHE A D8H B0 2 SR M | 7 b
TEL R B AR U U AR
B FEMTIE AEFATE N5 AR LSS 2 18 R T
E—RI 5,

™= hasTrackSegment shipTrackSegment_kuotai_9
= hasBehavior decelerate
®mhasName KuoTai
= hasTrackSegment shipTrackSegment_kuotai_11
W= hasBehavior turnStarboard
®mhasTrackSegment shipTrackSegment_kuotai_13
= hasTrackSegment shipTrackSegment_kuotai_5
= hasTrackSegment shipTrackSegment_kuotai_15
= hasBehavior keepSpeed

saillingO No,

io anchor_| _No_:
W hasScenario crossingScenario
= hasScenario SailingOut_DongduFairway
W hasScenario turnPortScenario
BmhasScenario accelerateScenario

KkeepCi

io saillingln_mainFai
W hasScenario decelerateScenario
mm hasScenario Sailingin_DongduFairway
W crossing ship_jiangcheng

10 #ffH KUO TAI FRZ g RitELE R

Fig. 10 Computational results of the scenarios experienced by

the ship KUO TAI

ARBURAR KUO TAT 7E45 5% [ BEAY IR,
2 FECHHE BRI D) Xk A IO BE T 28 1y 14 3 S AT
SEo Bk 11 AR BN 6 S B R
Tl A B B EIE | 5 b S SUAH I AT
W%,

Property assertions: shipTrackSegment_kuotai_6 ME =X

Object property assertions
== hasBehavior turnStarboard
®m hasBehavior decelerate
W hasBehavior saillingin
B crossing ship_JiangCheng
W saillingln mainFairway
B hasScenario crossingScenario
mm hasScenario turnStarboardScenario
B hasScenario saillingln_mainFairwayScenario
MWW hasScenario decelerateScenario

11 #8fiH KUO TAI B 6 SHEERIZ=ITEER

Fig. 11  Computational results of the scenario for the ship KUO

TAI's track segment No. 6
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2) A fiE A, PEWTIE PR R LA b, BB . el b

SELECT ? ship ? TrackSegment ? occurPlace ?
beginTime ? endTime ? passThroughFairwaySecnario

WHERE |

Secnario; Ship hasSenario; TrackSegment 7 Track
Segment

? Secnario rdf: type Scenario: passThroughFairway
Secnario

? TrackSegment hasSenario; secnario ? passThrough
FairwaySecnario

? TrackSegment Event: hasEvent: passThroughFairway

? TrackSegment hasSenario; reflectPlace ? occurPlace

? TrackSegment hasSenario: reflectBegin ? beginTime

? TrackSegment hasSenario; reflectEnd ? endTime |

3) A 4R, 45 R B R MR KUO TAT 7658
5 4B, KA T passThroughFairwaySecnario
A, kAL A DongduFairway , & 11 B [8] 3 551 A
2016/04/13 01 ;53 #112016/04/13 0221,

4) B LR, HE— LTI KUO TAI
SR NTIE 1937 5%, TR R b BE AT s M AT o
RSB, WA SCRIT NP BN CRIT N, BRI
IR MG HAR FELE TARARE0LE 5 4R

KR AT R TEARPERCIE X 3o, 315 A X e 7
HAAE 5 B2 A M O SR AERUE XA B s
P AT A TE AR PE A IE X | 3 5 18 X
SR A ARAL R AR PEAIE XA, TEI B A
AT 3 s AT B ik i PR A i S 1Y S SR
TFHAZ RIS R N follow,, FEATIE XIS N 1Y & 1
TR SR AT —Fh  RBEA S8 AN S
FULIE PN 5238 I B AR R 1] 5 B AT R R X O 4R T I
B AN 12 fioR . HAT R
PassThroughFaiwayEvent; =
AtomEvent: | <ae, , - ,ae, > |
{ ae, : <relaB ;outside—intersect_in > |
{ ae, : <relaB :intersect_in—inside > |
{ae,_, : <relaB :inside—intersect_out > |
{ ae, ; <relaB :intersect_out—outside > b
Behavior: { <b,,b,,.. ,b, >|Vb,, <relaB:right >,
< relaB :inside > |
Process: | <p,,pys-- sp, > | YV p,#stop,ie[1,m]|
Object; < ship,fairway >
Function ; { before (ae, ,ae,_,) ,follow(ae,_, ,ae,) ,
trigger (ae, ,CrossE) ,end (ae, ,CrossE) | (4)

i :2016/4/13 02:08 I
e o

B [7]:2016/4/13 01:53 Eﬁg?,_ﬁﬁ d AL :2016/4/13 02:21

17 A:outside—intersect-in i % ?;__\7.{;‘ II::%ISI N 17 A:intersect-out—outside

\

i} 15]:2016/4/13 01:59
1T A:intersect-in—inside

|

17 A:inside—intersect-out

\

/

trigger trigger

4

-
0

~

i 16]:2016/4/13 02:18 /{

trigger trigger

o

‘ . e} 1]
happenedIn  happenedln happenedIn happenedIn |
v v v v |
5 VR MOE A
| LFE& K3 7Kk pub 7 |
| o it i A 5 J e TEDIR 7K 35 2 @ e MBI LR I
| PR WER IR |
BIR: AR IEFUIE 2 0 5 B IRBENTIE ZRRENEA LS
| 7 B : {(xx°N,xx°E]} A & : {xx°N,xx°E]} 7 B : {(xx°N,xx°E]} |
| ThaeJe i X i ia it TR Ja A AR E ThaeJE 1 X i i |

12 ARfE KUO TAI FHFREMEE HRHS R
Fig. 12 Scenario description of the event that ship KUO TAI pass through Dongdu Fairway
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