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Agenda

* The Hull-to-Hull (H2H) project

e H2H Conceptual and Domain Model

e H2H Interfaces

e Open API Initatives and Open API Specification

e H2H REST and WebSocket API

 Signal K open source project as a candidate for H2H public framework
e Summing up



Hull to hull Objective

The overall objective of the project
is to address the need of the
maritime community to safely
navigate in close proximity of other
vessels and objects.

Hull to hull supports both
traditional navigation as well as
autonomous vessels
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e Hull-to-hull positioning based on 3D g
models and position measurements “

* VVessel to vessel data exchange:

e 3D vessel models
* Sensor measurement, e.g. position, ‘I
orientation.
 Open concept with standardized data
exchange

e Uncertainty zones for own vessel as well
as neighbouring objects indicate
position accuracy

Basic Concept

L
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More on uncertainty zone

e Represents the uncertainty in the outer
boundary of the geometry of vessels and

objects of interest

e [n maritime domain we define the
uncertainty zone to represent a probability of

95% or 20
e Represented as:

e For a 3D object it is a volume around the object
e For a 2D object it is an area around the object
e For a single point (e.g. non-H2H vessel with no

geometry data) it is a circular area

(¢
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Uncertainty zone
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Yara Birkeland top view
Vessel model
+ Vessel position input

+ Vessel orientation
input

Adding uncertainty zone

Shipmaster’s view
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Uncertainty zone shall encompass
actual hull with 95% probability

Contributions to uncertainty:

e Sensor errors:
O measurement error, Egensor
O installation error, €istatiation

e Geometrical model error,
€3Dmodel

Hence, total uncertainty for an arbitrary point on the hull can be

modetted-as:

Enull = Esensor T Einstallation T €3Dmodel




3 pilot demonstrations

e Simultaneous operation in Norway
* Inland waterways in Belgium
e Auto-mooring in Belgium

ldelburg Goes
Q a

Ocean Space Drone 1 and 2

o Hasselt AR
Legﬂn :
Cogge, 1:8 scale model of a barge Brussel 9
640
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H2H Conceptual model

Stakeholders (users)

AlS
e Terrestial
e Satelite

Sensors

Ship #1

Area of interest

Sensors

Ship #2

Object #1

Sensors

Ship #3

&
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* GNSS

e |IMU
e Possensor
e (AIS)

N Wireless
. e WiFi
e Satelite
e MBR

xJ{JJ) = Satelite

10
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Domain and semantic data model 2

T iy ",

Semantic 'y

. Model ™
Galibeo, EGNOS e N
and other GHSS
| | — I“'—'fl.-.__z*
Feal World Physical Data Stores
Semantic data models.!"] &

It is a conceptual data model in which semantic
information is included. This means that the

e QOperation model describes the meaning of its instances.
e Objects (movable, fixed) Such a semantic data model is an abstraction
e Sensors that defines how the stored symbols (the
e Communications instance data) relate to the real world.!!

r ' * Geometries
| ' ' * Uncertainty zone

* Operational zone Digital representation of the H2H concept

e Meta data (configuration)
11


https://en.wikipedia.org/wiki/Conceptual_data_model
https://en.wikipedia.org/wiki/Data_model
https://en.wikipedia.org/wiki/Symbol
https://en.wikipedia.org/wiki/Semantic_data_model#cite_note-FIPS184-1

Part 1 Data Engine-Engine

An object is either ship,
bouy, quay, lock or crane.
ShipDynamics: Ship
properties that may
change during the
voyage

Each object has some
Communications, some
Sensors and some
GeometryModels

Each sensor has an
accuracy, a reference
point related to a
geometry model and a
set of sensor data.
DigitalTwin is the
combination of a
geometry model and a
set of sensor data at a
certain timestamp.
UncertaintyZone and
OperationalZone are
related to a DigitalTwin
OperationalZone can be
related directly to an
operation (no digital twin
needed)

Blue: E2A, otherwise E2E

class ConceptualModelGroups

ShipDynamics Ship Bouy Quay Lock Crane
+ Draft: double + MMSI: char
+ Height: double 35|, IMOnumber: char
«enumerat... + Timestamp: timestamptz 0= 1|+ GrossTonnage: int
ShipStatusType + RateOfTurn: double + Length: double
+ CourseOverGround: double + Breadth: double
H2H 1 shipstatus + SpeedOverGround: double + ShipCommonReferencePoint: geometry
77 + Trajectory: WaypointType
NotH2H + Destination: char
+ Intention: char
+ Signal: SignalType
+ Tonnage: double
+ H2HEngineStatus: H2HEngineStatusType ObjectData <<en.umerat...
ObjectType
+involves |4 |4: UUID +Type
! +participatesin |+ H2Hcompatible: boolean f Fixed
i +has eSSt + IsOwn: boolean Moveable
+ Id: UUID + Id: UUID ot *|+  Name: char Unknown *
+ Name: char % ®1l.  Name: char 5 1 1
+ Datum: DatumType +hasy|/0.*
1 0.+ 1 tisUsedin 0.* ‘ ‘ +has\|/ 0.0 +has\|/0.* ‘ ‘
+has\ |/ 0. JN P +Datum — ~ ‘ GeometryModel D
«enumerat... + Id: UUID + Distance: double
DatumType Id: UUID {id} + ld:UUID + Timestamp: timestamptz + Velocity: double
Id: UUID + 1d:UUID e T atlon D Bandwidth: double | |+ MName: char + Geometry: geometry + Bearing: double
Name: char +  Text: char OperationStateType Latency: double + Accuracy: dc_’“b‘e : - Type: GeometryType
+ SensorlocationReferencePoint: geometry +  GeometryOrigin-CoordinateSystem: geometry
hasMemb, X + Accuracy: double +hasstartPosition +hasEndPosition
«enumerati... 1
Ho\|/1 ¢D.‘ +has\|/0.* OperationType - +Type +describedBy| 4 1 Q/l Q/l
«enumeration» 1
‘ User ‘ ‘ OperationalZone ‘ Sailing CommunicationType et 0.= ReferencePoint
«enumerat... +has

+ Id:uuID + Id: UUID
+ Name: char

LockPassing

+has/ |\ 0.* ‘

+ Waterlevel: double

+ PointOfinterest: geometry

+definesGeometryOf

UncertaintyZone

*hes | L 1d:UUID

Docking \I\';IDE__S_ o «enumeration» GeometryType
SimOps ERHTEETERE T SensorStatusType
TrEpers |y s Point
SensorData
+ Id: UUID
+ Timestamp: timestamptz
+ Accuracy: double [0..1] 1
4}. A [% +definesOrientationAndPositionOf
oton GNSSPosition
—— 0.1 0.1
+ LinearPosition: doul J
3 3 " + Latitude: double
Environmental s double + Longitude: double DigitalTwin
+ LinearAcceleration: double ) " - Height: doubl
+ AngularPosition: double Rl oucata:raster - Elght: double + Id: UUID
g i - ARPAheading: double + PseudoRange: PseudoRangeType
+ WaterVelocity: double +  AngularVelocity: double ARPAspeed: double + AugmentationData: int
+ AngularAcceleration: double ’ 1
+belongsTo
0.1
Need accuracy
for each Geometry +
- Orientation (for geometry/scale) +
attribute? . .
QualityOfService?? Datum +
Position+
Timestamp

+ SigmaValue: double

Geometry +

Orientation (for geometry/scale) +
Datum +

Position+

Timestamp

+UZUncertainty (5%)

(+ 2DSlicePlane) (if not 3D)




H2H Vessel-to-vessel interface

e 3D models

e Position
measurements

e Auxiliary data

e Supports safe and
secure
communication

g()()j HULL TO HULL

Vessel A

H2H Vessel to
Vessel
Communications

3D model data g

H2H Engine
Data Interface

Position and
motion sensors

y

D E— H2H Engine <

Use case specific

application

H2H Vessel to

vessel interface

(¢

Vessel B

H2H Vessel to
Vessel
Communications

3D model data [

B H2H Engine <1 —>

*

Position and
motion sensors

Use case specific

application

L
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System architecture (Full)

Sh | p #1 Autonomous navigation Safety & integrity support
H2H Engine ST selnel|2ed2) (E2A)

Autonomous navigation

Own sensordata support

—

Own geometry
Safety & integrity support

Own messages

—

Real-time services (RTS) Target object data

Non-real time services (NRTS) —

q [ ]
Sh | p #2 H2H Engine Target object data M BR e

Autonomous navigation

Own sensordata support

—

Own geometry
Safety & integrity support

Own messages

—

Real-time services (RTS) Target object data

Non-real time services (NRTS) ——
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Typical own ship network topology

TITLE:

|IEC FDIS 61162-450

talkers and multiple listeners — Ethernet interconnection

IEC FDIS 61162-450 © |IEC 2018 - 15 -
[61162-1 | [61162-1]
SF3 | T SF4
SF 1 SF 2 SNGF SF5 | SF6
ONF 1 ONF 2
NF 1 NF 2 NF 3 NF 4
I I I |
Network
| . | | |
[61162-3 ] [61162-3 | SF7 | i SF8 [61162-3 | [61162-3 | [61162-3 ]
PNGF
NF 5

Key
SF system function block
NF network function block

SNGF serial to network gateway function block

ONF other network function block

PNGF PGN to network gateway function block

Figure 1 — Network topology example

IEC
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Maritime navigation and radiocommunication equipment and systems — Digital interfaces — Part 450: Multiple

61162-1 = NMEA 0183
61162-3 = NMEA 2000

SF2, NF2 = GNSS



IEC FDIS 61162-460 (5] rroran

TITLE:

Maritime navigation and radiocommunication equipment and systems — Digital interfaces — Part 460: Multiple
talkers and multiple listeners — Ethernet interconnection — Safety and security

IEC 61162-1/2
devicfe(s)

RN, IEC 61162-460 network

/,ASO-NOde - e essasssssaEmmEsESEan
: A :
L (]
L] (]
L} (]
’ '
[} (]
"
460-Wireless 450-Node 460-Node :
| gateway '
L}
— T
_ : 460-Switch 460-Switch 460-Switch 60-Forwarder
Uncontrolled : i I I
network  / - l_ | —I . j
T v v Sther
! 460-Node ' 460-Netwo
460- System System ' PN
gateway managelrnent monitc_aring -
function function :
L] "
L] (]
L] [ ]
G\N . K

\networks (off shi D)

IEC
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H2H Own ship network topology

g%j HULL TO HULL

|IEC FDIS 61162-450 © IEC 2018 - 15—
[61162-1 | [61162-1 |
SF 1 SF 2 SNGF SF5 | SF6
ONF 1 ONF 2 NF 1 NF 2 NF 3 NF 4
[ I | I
Network
| 61162-3 | | 61162-3 | SF7 | . SF8 [61162-3 | | 61162-3| [61162-3 |
PNGF

NF 5

Key
SF system function block
NF network function block

SNGF serial to network gateway function block

ONF other network function block

PNGF PGN to network gateway function block

Figure 1 — Network topology example

H2H
Application
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Open API Initiatives O->)O

e "The Open APl initiative (OAl) focused on creating, evolving and
promoting a vendor neutral description format. APIs form the
connecting glue between modern applications. Nearly every
application uses APIs to connect with corporate data sources, third
party data services or other applications. Creating an open description
format for API services that is vendor neutral, portable and open is
critical to accelerating the vision of a truly connected world"

e Two different technologies
e REST API

e Remote Procedure Calls (RPC)
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* REST (Representational State Transfer) is a software architecture style
used for creating web services (REST APIs) that provide
interoperability between internet applications

e HTTP/1.x protocol
e End-to-end data communication (TCP/IP)

REST API

e Swagger (https://swagger.io) offers tools for using Open API
specification file

e Automatic generation of code for server and client side in different
programming languages


https://swagger.io/

Remote Procedure Calls (RPC)

e User defined code can be executed
in a different address space
(computer or network)

e Data shared on network

e oRPC
g 5 o -P rFJtO- ::E):rt:ir.rs (ERPC)

* Google Protocol Buffer to optimize ie J

payload ...

. . Stub Code and server

e Generates code stubs in different

languages 'Ea‘;z::ﬂ“’
e HTTP/2 (allows streaming both ways)

'255\,1,
Code « REST Client
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Relevant standards

Data model/communications standards Safety standards
e S-100 e ENS50159

e STEP/ISO-10303 . :EE giggi

e |SO-28005

e RTCM 10403.1

e [EC 62940

e [EC61108

e Inland AIS

e Inland ENC (Inland ECDIS Standard 2.3)
e [EC61162-1/2/3/450/460 (NMEA 0183/2000)

U(E())U HULL TO HULL HORIZWN 2020



S-100 Framework (5] rroran

S-100 Universal Hydrographic Data Model
S-100 worto

s-104 |

Wiater Level Information
for Surface Navigation

Blectronic
Chart (ENC)

l A

Aids ta Navigatien
s-201 Informatlon

Weather Overlay
sS4 ycoMmy

Catalogues of
Nautical Products

Under Keel Clearance
5-129 | nagerment (UKCM)

International Hydrographic Organization
Organisation Hydrographique Internationale
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Open source project for Marine Data Exchange

B Signal K

HOME INFO INSTALL SPECS

The Open Marine Data Standard

Learn More

* QOpen source project on GitHub
e Used by smaller yachts, fishing vessels
e Sharing data on WiFi, cellphones, tables and Internet



Signal K (https://signalk.org/) g(f)j

Cloud

"The Open Marine Data Standard"

Signal K JSON over HTTP/WebSocket

Wi-Fi Signal K
Sensor
3G or 4G ‘ g o

Signal K JSON
over HTTP/WebSocket

NMEADO183

AlS o

Generic
Sensor

Generic
Sensor

Signal K
Server

NMEAO1B3

GPS }

NMEA2000

Multi-Function
Display


https://signalk.org/

ignal K server

* [nputs

(&
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e NMEAO0183 (also AIS messages), NMEA 2000, onboard sensors..

e Transport protocols:
e HTTP, WebSocket, TCP, UDP, Serial connections
e Security supported: SSL/TSK (https, wss)

 REST APl based on Signal K project
o Signalk/a Uthenticate < X {t @ localhost
° Signa I k /V 1/a pi "urnimen; al"-’ﬁﬁlk -u1d 4455dd33-7117-4412-8f31-dac1de@95a3b"

I=]—} "sensors” ("fromBow":{"value” 1@},'f|om[entcr”'{"_=lue 118},
mcgnetlc\ riatien’™}," ':3 .7227872953539274 s "$source™:"Chrome.II", "timestamp™:”
m:gnet1CD=W1aflo" ':3.7227872953539274, "$source”: "Chrome.II", "timestamp":”
‘walue™:2. 383??853366334 "$source™

|n1 LI,
v

B5T28:26:89.632Z7
B5T20:26:09.800

sentence” :"RMC"}, "speedOveraGround™: {"meta™: {"units

2@13 11 @5T28:26:89.83
"2019-11-05T20:26:89.63

° water™}, "v -1 "Chrcme.II“,"timestsmp”:"2619—11—95T28.2@.@3.6362”,"""tﬂnce"'”VHN'} pﬂ:ltloh
® S I g n a I k V 1 St rea m {"longitude”:138.53783333333334, "1atitude™:-35.12583333333333}, "$source” : "Chrome.GP", "timestamp

$source”: "Chrome .GP", "timestamp": "2615-11- B“‘E@ 26:89. 639*" "sentence"”

"mfs", "deseription

0 uuic":”u’":mrn:signalk uuid: 4455dd33 7115-4412-8f31-d361c6695a39”,"nam'""teﬁ

t{"headingTrue™: {"meta”:{"units™: "rad", "descriptio
"centenC'”'" HDT"}, "headingMagnetic”
, "sentence” VFH"},“;p edThroughWater™: {"me
"meta”:{"description”:"The
:”“@lg 11-85T20:26:29.0087", "senten "GLL"}, "datetime

A"}, "courseOverGroundTr u:”:["meta”:{"-"its":”Pad","cescrip
Vessel speed over ground. If converting from AIS 'HIGH' wval

notifications™},"value”:5.813223694985559, "$source” : "Chrome.GP", "timestamp”: "2@019-11-85T20:26:89.00@Z", "sentence” : "RMC" }, "magneticVariation™ : {"meta": {"

the magnetic heading to derive the true heading. Easterly variations are positive and Westerly

"meta”:{"units
{"units

f"units":"rad", "description™

, description”

port™},"value":2.712241658218473, "$source™
B5T2@:26:09.6427", "sentence™ : "MTW" } }, "depth”: {"belowTransducer™: {"meta":

{"units"

B5T28:26:89. "
25T2@:20:31.
B5T2@:28:31.

BETA - 25 - 31

"sentence”
"sentence" : "VDI

aisshipType”:{"meta":{"description

vessel"
True wind angle based on speed through water, negative ta FCP
{"units":"m/s", "description”:"Apparent wind speed”},"value":34. e?35c433.54519, "$source”

s "VALOEYTIND™, "design”:{"draft":{"meta
:"The ais ship type see http:/
s "navigation™:{’ ‘destination” 1{"commonName": {"meta

variations are negative (in Radians)."},"wvalue™:@,"$sour

Seconds since the 1st Jan 1978 that the variation calculation was made"},"wvalue™:157298556%9, "$source”:"Chrome.GP","
:"m/s", "description”:"Wind speed over water (as calculated from speedApparent and

s speed through water)”},"value"”:40.82378791713738," %=
value":®.21293016879192644, "$zource" : "Chrome . WI", "times

"Ch |o1e WL™, "tims tamp”'”ZElQ 11-85T2@:26:@2.642Z", "sentence”
Chrome.WI","timestamp": 2612—11—95T28:26:@3.642:”,"""tﬂnce
"m","description”:
{"units":"m" dc=cr1p+10n :"Depth transducer is below the water surface"},"value™:1,"$source
surface™}, ””alUc”'Sl 3,"$source”:"Chrome.sD", "timestamp” : "2819-11- 05T29 26:89.8432","
sentence” DEK”}}}},"u’":mrn:imo:TTsi:cS 143748":{"mmsi":"257143742",

WV LY, "water™ : {"temperature™:{"meta”:{ "units
Depth below Transducer™},"value":51.3,"$source”:"Ch
Chrome.sD","timestamp”:"2819-11- n5T26 26:89.6427", "sente
"DB5"}, "belowkKeel™: {"meta™: {"units" ,'dc=cr1pfion"'"t
f'd==cr1p+1on "1
.bosunzmate.org/ais/messages.php"}, "value": {"

:{"description”™:"Common name of the Destination, eg 'Fiji’, also

cmmtamea ™ TP LY Mo pmnd s a e e ek 2 e C i e T e T e M iobian . s eal cnasd mvan amaund T camarting freom ATC THTAH -



Signal K Example I UQSU

REST API
WebSocket

Kystverket AIS port
Signal K
server

NMEA simulator
(own data)

Influx database
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Signal K Example

D HVOR GODT KAN KUNSTIC x | @ mtecconforg |Where Inde % | W IEC611 X & Signal K Node Server X & SignalK Instrumentpanel x| BBl Signal K Specification - Sigr % | EE] Full and Defta Models - Sigr X | NewTab x | + -

< C 1t @ localhost:3000/ad

B SignalK =
Dashboard Home

Webapps

Available Apps
Appstore

Available i

Installed

Updates

Plugins
AppsS

Server

/signalk-aws-iot
by Hen

Security

i/signallc-stardate
gnalk o

@® @si? :mj k{sh?rts-plug

) @signalk/signalk-node-red
Bender (Signa

ca-reports
Signalk b

entsource-sk
K erp

i~ __sinnalk.ancharalarm.-nlunin
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What is missing to comply with the H2H requirements?

 Implement H2H data model
e Geometry data (object geometry)
* Uncertainty zones
e Operational zones
e Relative distances and velocities between objects

* New APIs
e RTCM interface
e H2H Engine interface
 H2H Application interface (S-100 compatible)
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Summary

e Signal K is a candidate for open
maritime data API

e Uses maritime standards as far as
possible (IEC 61162-series)

Galileo, EGNOS
* JSON messages for data exchange “@ rprdarsvi
, X7,
// som
//

to 3" party applications and
plugins

* Must append new data models for
geometries, relative distances and

velocities for safe navigation L o
e Encryption possible with secure ‘ E E D
http and ws

L
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Public information

15t year flyer

Using EGNOS and Galileo to support Autonomous Maritime Operations

+ Concept dt.af'nitiun + Technology adaption
'GapdeS * Safe communication
* User requirements + Standardisation

https://www.sintef.no/projectweb/hull-to-hull/

L .
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