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Overview

“Challenges of S-101 Validation”
* SevenCs / ChartWorld, a quick overview

Friedhelm Moggert-Kageler,
SevenCs Hamburg

* Involvement in IHO Standardization
Activities
* Software products dealing with S-100
* S5-571t0 S5-101 conversion
* 5-102 optimization
* S-101 Validation with 7Cs Analyzer

* “Unveiling” S-101 Topology
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SevenCs / ChartWorld
A quick overview

Founded in 1992 in Hamburg, Germany

SevenCs belongs to ChartWorld
International group of companies

Digital Chart Agent, ECDIS Manufacturer,
VAR, ENC and SENC distribution services

Products and Services related to ENC /
ECDIS

Long term member of IHO Working

Groups




SevenCs / ChartWorld
Products and Services

* Chart Distribution (incl. Nautical Publications)

* Solutions for Voyage Planning

* Fleet Monitoring

* ECDIS Kernel software

* Web based solutions for electronic charts

* Chart Production/Validation Software

* ECDIS and Navigation Software (ECS, PPU)

* Complementary data services (satellite derived
shoals, T&P, Nav Areas)
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Involvement in IHO
Standardization Activities

* ENCWG /S-100 WG

* |Involvement and contribution to standardization

Internaticnal
Hydrographic
Organization

processes

* Project Teams and Sub-WG

* S-101 Project Team
* Validation checks for S-101

* S-57to S-101 conversion
* S-102 Project Team
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S-100 in FME*

5 FME Data Inspector

S-100 Pluglns for FME
* S-101 Reader
* S-101 Writer

Ble View Comers Took Window Help
CEORGCE APEILROAA AB &Y
Display Control B X View1

g 3.'— AdministrationArea (1) o /
& £ BesconCardinal I

= B5XO1NE__ [STO0READERWRITER] ( 296)
AdministrationArea (1)
BeaconCardinal (1)
BeaconSpecialPurposeGeneral (&)
Building (1)

BuiltUpArea (1)

Buoylateral (1)
BuoySpecialPurposeGeneral (4)
CableSubmarine(2)
CoastguardStation (1)

Coastline(8)

DataCoverage (1)

DepthArea (80) ﬂ

DepthContour (33)
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Opens myriad data-conversion options

* incl. S-57 to S-101 and vice versa

File Edit View Readers Transformers Writers Run Tools Help

| P.m X Do kO & & e + B2 O 2 S =
[]
New Open Sove  Rum " oom T Zoom der Wier Transdo
v x

Select Pan Zoomin Zoom Out Edents Maumize Full Screen  Reader Writer Tran

Not limited to S-57 to S-101

Users can design and adjust the

KRR KRR KRR RRRRRRR @

T

Navigator # x| sort x
[& 101GBOOSX015SW [S-101_Reader]

translation workflow to their needs

(@ Translation
(@ Logging
(@ Re

Transformer Gallery 8 x
B AN (494)
B Categorized

*FME by Safe Software is the data-integration platform for geo-spatial data




ENC Bathymetry Plotter

Automated contour generation

for nautical charts

Advanced sounding selection

Generalization of bathymetric

surface

Regular and High Density ENCs

Input formats
* xyz, ASCII Grid
* Geo Tiff
* BAG
* S-102

(& ENC Bathymetry Plotter 20.0.23
File Edit Help About
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S-102 Optimization for use in
Navigation Software

* Most likely navigation systems
supporting S-102 could create

contours on-the-fly

* S-102 high-resolution data tends to

create clutter on the screen

* If these contours are not
generalized properly, they will create
clutter

* S-102 Optimization can help to avoid

clutter in the first place




S-102 Optimization

mEY -~ Q¥ 0~ A mhE =0 LM | L]

* S-102 high-resolution data tends to create

clutter on the screen

* ENC Bathymetry Plotter can be used to
optimize S-102 bathymetry
* This will contribute to better readability

without loss of resolution
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S-101 Validation

validation tool

hand with development of S-101 validation

checks

7Cs Analyzer for S-57 and S-101 validation
Well established for use as S-57 ENC

Already includes checks for S-101 validation

7Cs Analyzer

File View Tools

s X o e

Options  Help

+\_\¢EPECAEN Scale 1:

Dataset Table & X
Dataset Ed. Up. Status
GB3X0TME 1 0 Validated
< >
Features 5 X Geometries linked to feature GESXO0 INE 100/85 g x
Feature Class ~ Dataset RCNM/RCID  FOID # || Geometry Dataset RCNM/RCID  »
DEPARE GB3XO0TNE  100/86 540/2135142811/687 v Area GB5X0TNE  100/86
M_COVR GB3XOTNE  100/227 540/2135152960/687 ~ Exterior Ring GB3X0TNE v
< > < >

Add Feature ID l:l Clear Results

Select Geometry|  Add Geometry ID l:l Clear Results Select Features

32° 28" 43.81" 5 @60° 59' @2.80" E

Implementation of new checks goes hand in

e

(R ")

Ignore Checklist | BENC

Dataset Table

N @ & [scler:[mm

Use Ignore Checklist | Edit Lists... Custom Checklist Defauft ~ [] Use Custom Checklist | Edit Lists...

a8 x

Validation Results a8 x

Dataset
101GBO0SX01SW

Ed. Up. Status

1

0

Validated

Results

v 1016B005X01SW, Edition 1, Update 0 : Critical 12, Error 44, Warning 70
Warning: The follewing checks are ignored and nat contained within this log.
Validation Parameters
Dataset Metadata
Dataset Entries : Critical 2
v Feature and Geometry Entries : Critical 10, Error 44, Warning 70
FeatureCutsideDataCov : Critical 1
ImportError : Critical 2
MissingMandatoryAttribute : Critical 4
OrphanPoint : Critical 1
OrphanSurface : Critical 1
FointCoincidentSote : Critical 1
v AtonMarkHasColourPattern : Error 7
100/15 (540,2135131834,687) BeaconCardinal: colourPattern must not be present for the topmark
of a south cardinal mark within JALA region A.
100/17 (540,2135131869,687) BeaconCardinal: colourPattern must not be present for the topmark v

< >
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S-101 Validation, challenges

* S-57 and S-101 differ significantly

New terms

New feature catalogue

New topology model

New feature types and new attributes
Multiplicity of attributes

Complex attributes

Information types

Associations, roles

etc.

* S-101 Validation standard is in the

making

BRIDGE
BOYLAT
DEPARE
DEPCNT
LNDARE
WRECKS
BOYCAR
ADMARE
AIRARE
ACHARE
ACHERT
BCNCAR
BCNISD
BCNLAT
BCNSAW

S-57

S-100

Objects

Features

Object catalogue

Feature catalogue

Edge

Curve

Composite Curves

Surface

Bridge

Buoylateral
DepthArea
DepthContour
LandArea

Wreck
BuoyCardinal
AdministrationArea
AirportAirfield
AnchorageArea
AnchorBerth
BeaconCardinal
BeaconlsolatedDanger
BeaconlLateral
BeaconSafewater

S-570bjectClass S-101FeatureType

S57Attribute S-101Attribute

BCMNSHP
BUISHP

BOYSHP
BURDEP
CALSGM
CATAIR

CATACH
CATEBRG
CATBUA
CATCBEL

CATCAN
CATCAM
CATCHP

AT LN

beaconShape{0}
buildingShape{0}
buoyShape{0}
buriedDepth{0}

callsign{0}
categoryOfAirportAirfield{o}
categoryOfAnchorage{0}
categoryOfBridge{0}
categoryOfBuiltUpArea{0}
categoryOfCable{0D}
categoryOfCanal{D}
categoryOfCardinalMark{0D}
categoryOfCheckpoint{0}

4. fats 315 [nl




Validation of converted S-57 data

* First S-101 data will be created by means of S-57
conversion

* |IHO tasked a dedicated project team, Primar is
running a Conversion Task Force Project

* 7Cs Analyzer helps verifying the correctness of the
conversion results

* Erroneous S-101 features and/or geometry can be
highlighted

* Dedicated query functions are available for deeper

analysis of errors

S-57

—

S-101

E ‘ Scale 1:
& o

By B
%‘E.-m L=1N ;u

Ignore Checklist |VertexDensity

< D Use

:' I | validation Re:

Results

¥ 1017C00]
> valid
» Data

TN
SevenCs



S-101 Validation with 7Cs Analyzer

* Includes dedicated module for S-101
validation checks
* Chart Display module “unveils” S-101

complex topology model (geometry mode)

<
i Feature T | Cear Resit Geometres  Tnfermatis Yobiarir Rty | Gommetes

SevenCs




S-101 Validation with 7Cs Analyzer

Based on existing S-58 checks

Adjusted to honor S-101 specifics:
* Topology model
* Feature Catalogue (Feature Types, Information

Types, Complex Attributes)

Activities in line with development of

validation checks for S-101

S-101 custom checks can be added (e.g., to

test new checks before they are approved)




7Cs Analyzer S-101 Error Log

% Drval2lessDrvall : Error 1

100,152 (31868, 1169213122,36) DepthArea: depthRangeMaximumValue is less than
depthRangeMinimumValue,

Categories: Bathymetry and Attribute

StrUCtU e Of S'1 01 errOr-|Og entrIeSZ suggested Solution: Amend the values of depthRangeMinimumVyalue and

depthRangeMaximumValue as required,

References:

558, Ed. 6.1.0, check 43 Category: Bathymetry and Attribute

* Error code / severity

* |dentifier of item affected (feature code)

* Description of error

¥ SegmentsOverlap : Error 1

° C ate g 0 ry Of error v 120/106: Curve seaments partially overlap.

Categories: Topology and Redundancy

* Suggested solution Suggested Solution: Remove duplication, add end points and edit curves as required.
* (Related objects) Related Objects:
120/134

* (Error locations)

Error Locations:

43 04.764330 N 070 43,300110 W
43 04, 765800 N 070 43, 298250 W
43 04, 761960 N 070 43, 300710 W

* S-58 reference

References:
5-58, Ed. 6.1.0, check 1 Category: Topology and Redundancy




ReVIeWIHg the Error Log Validation Resdlts

Results

“ 1017CO0SERROR, Edition 1, Update 0 ; Critical 7, Error 5, Warning 53
Validation Parameters
Dataset Metadata
Dataset Entries : Mo Errors
* Feature and Geometry Entries : Critical 7, Error 5, Warning 53
. . ImportError : Critical 2
A n a |yS I S Of fe a t u re —a tt rl b u te e r ro rS : MissingMandatoryAttribute : Critical 4
RingSelfIntersects : Critical 1
AtonLightCharacteristics : Error 1
AtonMarkHasColourPattern 3 Error 1
¥ Drval2LessDrvall : Error 1
. 100/152 (31368,1169213122,36) DepthArea: depthRangeMaxin

* Select feature affected, to highlight it x depthRangeHinimumValue.

Categories: Bathymetry and Attribute

Suggested Solution: Amend the values of depthRangeMinin

|n Cha rt dISp|ay depthRangeMaximumValue as required.
. References:
* Check feature attributes 5-55, Ed. 6. 1.0, check 49

SegmentsCverlap : Error 1
SoundgGreaterDrval? @ Error 1
CoincidentPaint : Warning 1

PTG T TOT e T T T

[] Text
] Urknown
[ ] Overscale Pattern
Features & X | Attributes of feature 1017C005ERROR 100,152
Feature Class Dataset RCMM/RCID  FOID Geometry || Code Type Yalue
DepthArea  1017CO0SERROR 1004152 31368/1169213122/36  Area depthRangeMinimumValue  Real 10

depthRangeMaximumValue  Real




Reviewing the Error Log

Analysis of topology errors:

* Select the feature affected, to
highlight it in chart display
* Select coordinates to focus on error

location

%  Rings

Ignore Checklist

VertexDensity

[] Use Ignore Checklist | Edit Lists... ﬁ

S validation Results

Results
“ 1017CO0SERROR, Edition 1, Update O : Critical 7, Error 5, Warning 53
» Validation Parameters
» Dataset Metadata

Dataset Entries : No Errors
¥ Feature and Geometry Entries : Critical 7, Error 5, Warning 53

» ImportError : Critical 2

» MissingMandatoryAttribute : Critical 4

~ RingSelfintersects : Critical 1

v 1100/168 (31868,1169213712, 1) DepthArea: Ring self-intersects,
Categories: Topology

Suggested Solution: Amend ring boundary so that it doesn't self intersect.

Error Locations:
4304.975543 N 070 43.401836 W

v 1100/168 (31868,1169213712, 1) DepthArea: Ring self-intersects.

Categories: Topology -
Suggested Solution: Amend ring boundary so that it doesn't self intersect,

Error Locations:
4304975543 N 070 43,401836 W
43049718307 N 070 43.403185 W

» ImportError @ Critical 2
»  MissingMandatoryAttribute @ Critical 4
¥  RingSelfIntersects @ Critical 1

v 100/168 (31868,1169213712,1) Depth

Categories: Topology

Suggested Solution: Amend ring

Error Locations:

ences:
Ed. 6.1.0, chedk 73

43 04975543 M 070 43401836 W

43 04.971307 N 070 43.403135 W

References:
5-58, BEd. 6. 1.0, check 73

» AtonLightCharacteristics : Error 1
»  AtonMarkHasColourPattern @ Error 1




Export of validation results GARRTAR |

Various export formats are supported:

* xml, text

ESRI shape format

Exported shapefiles containing

validation results can be loaded in 3

party production software
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Image captured in ESRI ArcGIS Pro™ with permission of ESRI™
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“Unveiling” S-101 Topology

S-101 topology differs from S-57 :

An area feature references a surface

A surface is comprised of

* one exterior ring

* zero or more interior rings

Aring is comprised of (a)

composite curve(s)

Composite curves are comprised of curves composite

curve
curve

curve

curve composite curve




“Unveiling” S-101 Topology

E N Scale 1 : | 1473 w Ignore Checklist | VertexDensity - [ ] use Ignore Checklist Edit Lists... E E E

Features
S- 1 O 1 to pO | Ogy: Feature Class Dataset RCNM/RCID
DataCoverage 1017C0055101G  100/24
DepthArea 1017C0055101G  100/20
InformationArea 1017C0055101G - 100/6
<
¢ An a rea featu re refe renCGS Add Feature ID |:| Clear Results Geomsd
a S u rfa Ce Geometries linked to feature 1017C0055101G 100/20
Geometry Dataset RCNM/RCID Tl
v Surface 1017C0055101G 130/14
Exterior Ring 1017C0055101G
Interior Ring 1017C0055101G

=




“Unveiling” S-101 Topology

S-101 topology:

* Asurfaceis comprised of
* one exterior ring

* Zzero or more interior rings

B N

Scale 1 : 1473 w

Ignore Checklist | VertexDensity

> [] use Ignore Checklist | Edit Lists... FHG T

Features

Feature Class Dataset RCNM/RCID
DataCoverage 1017C0055101G 100/24
DepthArea 1017C0055101G 100420
InformationArea 1017C0055101G  100/6

<

Add Feature ID I:l Clear Results Geomq

Geometries linked to feature 1017C0055101G 100/20

Geometry

v Surface
Exterior Ring

Interior Ring

Dataset

1017C0055101G
1017C0055101G

1017C0055101G

130/14

RCNM/RCID T

=



“Unveiling” S-101 Topology

B =

Scale 1 : | 1473 W

Ignore Checklist | VertexDensity

S-101 topology:

* Aringis comprised of

(@) composite curve(s)

=[] Use Ignore Checklist | Edit Lists... FHGHT]
Features
Feature Class Dataset RCNM/RCID
DataCoverage 1017C0055101G  100/24
DepthArea 1017C0055101G  100/20
InformationArea 1017C0055101G  100/6
<
Add Feature ID I:I Clear Results Geom|
Geometries linked to feature 1017C0055101G 100/20
Geometry Dataset RCNM/RCID T
w Surface 1017C0055101G  130/14
v Exterior Ring 1017C0055101G
Composite Curve  1017C0055101G  125/15
Composite Curve  1017C0055101G 125/24
Interior Ring 1017C0055101G

=



“Unveiling” S-101 Topolagv

* Composite curves are

Geometries linked to feature 1017C0055101G 100/20

comprised of curves Geometry Dataset
w Surface 1017C0055101G  130/14
~ Exterior Ring 1017C0055101G

~ Composite Curve  1017C0055101G  125/15

Curve 1017C0055101G 120/22

Curve 1017C0055101G - 120/19

Curve 1017C0055101G  120/24

Curve 1017C0055101G - 120/17

RCNM/RCID 7]

E & Scale 1 : Ignore Checklist | VertexDensity - [ ] Use Ignore Checklist Edit Lists... E E E
Features
Feature Class Dataset RCMNM/RCID
DataCoverage 1017C0055101G  100/24
S_'] O'] tO po|ogy DepthArea 1017C0055101G  100/20
' InformationArea 1017C0055101G  100/6
<
Add Feature ID I:I Clear Results Geom
Geometries linked to feature 1017C0055101G 100/20
Geometry Dataset RCNM/RCID
v Surface 1017C0055101G  130/14
v Exterior Ring 1017C0055101G
v Composite Curve  1017C0055101G  125/15
Curve 1017C0055101G 120/22
Curve 1017C0055101G  120/19
fau =1 I i T s I 1230534
E & Scale 1 : Ignore Checklist | VertexDensity - [] use Tgnore Checklist Edit Lists... E E E
Features
Feature Class B Dataset RCNM/RCID
DataCoverage 1017C0055101G  100/24
DepthArea 1017C0055101G  100/20
InformationArea 1017C0055101G  100/6
<
Add Feature ID l:l Clear Results Geomg

=



“Unveiling” S-101 Topology

S-101 topology differs from S-57 :

* Composite curves are
comprised of curves
* Curves have a beginning

and an end point

~ Ignore Checklist | VertexDensity

~| [] use Ignore Checklist | Edit Lists... E E |
Features
Feature Class B Dataset RCNM/R(
DataCoverage 1017C0055101G  100/24
DepthArea 1017C0055101G  100/20
InformationArea 1017C005S101G  100/6
<
Add Feature ID l:l Clear Results g
Geometries linked to feature 1017C0055101G 100/20
Geometry Dataset RCMNM/RCID
v Surface 1017C0055101G 130/14
v Exterior Ring 1017C0055101G
v Composite Curve  1017C0055101G  125/15
Curve 1017C0055101G  120/22
Curve 1017C0055101G  120/19
Curve 1017C0055101G  120/24
Curve 1017C0055101G - 120/17

Ignore Checklist | VertexDensity

| [ use Ignore Checklist | Edit Lists... FHMGHTHA
Features =
Feature Class Dataset RCNM/RCID FOID
DataCoverage 1017C0055101G  100/24 31868/11692147
DepthArea 1017C0055101G 100720 31868/11692131
InformationArea 1017C0055101G  100/6 31868/12408049
< >
Add Feature ID l:l Clear Results Geometries Informatior]
Geometries linked to feature 1017C0055101G 100/20 =
Geometry Dataset RCNM/RCID Topology Indicator
v Surface 1017C0055101G  130/14
~ Exterior Ring 1017C0055101G
v Composite Curve  1017C0055101G  125/15
Curve 1017C0055101G 120722
Curve 1017C0055101G 120/19
v Curve 1017C0055101G  120/24
Point 1017C0055101G  110/16 beginning point
Point 1017C0055101G  110/15 end point
Curve 1017C0055101G 120417




Conclusion

* We want to support current S-100/5-101

initiatives
* We are confident that 7Cs Analyzer can help

to facilitate and speed up the relevant

. “m “‘)Y‘“ L:rlbbun S;a
u.b\u NICAR

iuallul lA cuy”u

activities (standardization, S-100 testbeds) WJ

* At the same time, we hope to receive

The greater Meso American reglon

valuable feedback from users and

participants
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