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Uncertainty and bathymetric DEM

Developing an Open Source QGIS solution
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Generally limited information (if none) is =
conveyed concerning uncertainty of the PrObIem atic
DEM (global or at the cell level) Sourcs data
v Multiple sources of data needed to build a 3 small uncertainty @
DEM L. . % large uncertainty I -
v Multiple acquisition and processing methods It
(Lead line, Single beam echosounder, Gr-dd-:nsi:tfrpolanon e kmg

multibeam, lidar, ...)
v Multiple interpolation methods generate
continuous surface e ————
v' Bathymetric grid used for multiple usages
(hydrodynamic, geosciences, navigation) ’jmmm
v' Objective : Implement methods and tools ey <Deueen, - zero

to generate an estimate of the Total model

uncertainty :
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Vertical uncertainty

Hare et al. 2011

v' Objective : Implement methods
and tools to generate an estimate
of the uncertainty
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Data selection/processing M et h O d O I O g y

> Characterization of individual dataset (metadata)

Interpolation v v
Interpolated Estimation of the uncertainty
Bathymetric Surface (MC and/or BN)
> Residue < :

y
Geostatistical
analysis ] v
Krigging of the « micro- Krigging « error »

morphology »
. ' r--
I

Combining components

y
Produced DEM and its uncertainty layer

Bathymetry
Matthew Poti'2, Brian Kinlan'23, and Charles Menza' (ol
In : A Biogeographic Assessment of Seabirds, Deep Sea Corals and Ocean Habitats of #J

the New York Bight: Science to Support Offshore Spatial Planning, 2012




Characterization of the source data
based on IHO metadata standard

g
v' Each sounding dataset in SHOM BDB is characterized by a set
of metadata
v' POSACC, SOUACC, TECSOU, QUALOT (IHO defined) are
used to estimate the « error budget » of each individual dataset
v' Missing one of them, Estimated by the date period (assuming
precision is technology driven)
v Hypothesis of a radial distribution around the sounding
.
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Acronym | Mame | Value =
captur Capkeur Flomb de sonde hd
carhyd Caractérisation hydrograph Inconnu hd
CATZOC Category of zone of confide hd
codsdd Code 544 petit fond Inconnu hd
codval Code de validité WALID Valide hd
corver Carrection verticale appliqu 1000000000,0 m
cretim Creation kime 20120905 125723, 266 |
datnry Date de réalisation du nives 19270101 hd
descrp Description Travaux hydrographique aux ¢ |
design Désignation leve bathymetrique
fincom Date de fin de protection cc 20000101
gencau Systéme géodésique courar WaED WGS 1984 hd
genot Systéme géodésique d'origit HCROZOMI - Systéme Hydro ¢+ |
heosys Horizonkal coordinate syster GEOGCS["WiaE4", O DATUM| |
idprnt Unique identifier of parent ¢ 1001394
infeor Information sur la correction neant J
infpar Informations sur les paramé neant J
latrna Latitude maximale dulot  48.5885867
atrnin Latitude minimale du lot 48.5278833
lonmaz: Longitude maximale du ot -4,6948833
lonmin Longitude minimale du lot  -4,8099167
meth_p Méthode destimation de la | neant
meth_z Méthode destimation de la | neant
i Last modified time 20120905 133720.956 1=
MOy Morn du niveau de référence zhy Zero Hydro NON SPECIFL » |
nomres Mo du DT ou du responsat Volmat
nuSon Mombre de sondes dulot 15484
obijdel Object delete state False =i
QBINAM Ohbject name 5192700100-22 |
obijstd Object State Online ihd
planam Platform Mame -
POSACC Positional accuracy 10000000000,00 m
priri Projection d'origine GEQ - GEQGRAPHIQUE hd
procom Code de protection commer DL Diffusion libre hd
prodrs Liste des organismes produc MAB Mission des Abords de Bre v |
promil Code de protection militaire NP Mon protége hd
propri Organisme proprigtaire du k SHOM Service Hydrographique |
prieur Mavire porteur 227 INCOMMNU hd
psduni Code PS4UNI Z Mon specifie hd
qualat Miveau de qualité des sonde 2 Precision non specifiee hd
reslot Résolution caractéristique d 5000.00 m
SOUACC Sounding accuracy 10000000000.0 m
srcfil Source file name 5192700100-22. csar J
srfcat Category of bathymetric su Standard ﬂ
stfres Gridded surface resolution
seftwp Storage Type CSAR Point Clowd { csar) ﬂ
SUREML Survey date - end 19271231 J ||
SURSTA Survey date - start 19270101 J
TECSOU Technique of sounding mea: found by lead-line ﬂ
tramnt Mo de la chaine de traitem neant J
typlot Modéle Mumérique de Terra 0 Lot de sondes ﬂ
typrof Type de profil 0 Inconnu ﬂ
uidcre User id of the object's creat 08000048 {duigou) J




- -~ The math in one slide
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Bathymetric datasets Paul A. Elmore
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Randomly modified — —
bathymetric datasets HU (S

Interpolation
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Realization

Statistically \
> determined \ — /
uncertainty (y)
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GEOSTATISTICS " EXPRESSING THE UNCERTAINTY

v Variogramme applied on the residue v 95 percentile — 5 percentile
v Any other expression
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Results 1/3

GEBCO Science Day 2015 7/12

Bathymetric DEM
North Sea - English Channel — Bay of Biscay
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Horizontal Datum: WGS 84

Projection: Mercator %
Vertical Datum : LAT P

O

Cell size: 100m
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Results 2/3

Bathymétrie(m)
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Legend
Inférence bayésienne
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SemiVariogram
0.004*Exponential(11.528)+0.003
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krigeage des résidus (m)
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Erreur de krigeage (m)
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Exem||ole

Wed Sep 30, 4:27 PM

QGIS 2.6.1-Brighton

Projet Editer Vue Couche Préférences Extension Vecteur Raster Base de données |Internet Traitement Aide [E @ Q=100
= e — P o ~ @ = NOVELTIS
= = B - (= (=) { - { ~ d o~ =
O 4R QB ppe RAR & @-[H-G& | _ _ ———
Charger une ancienne configuration ‘ Charger |
If‘ 8o " "% & = sha [aE] @nd cabg m:f .n::' abgl ' csw |&‘ ¥) - . —_—
: — — Initialiser Le plugin | Initialiser ‘
Couches B ® S —
‘V; o @ ‘? @ I:ﬂ EC'! Spécifier Le polygone d'interpolation : Spécifier |
2 | p ¥ [ interp | Lancer linterpolation : Lancer |
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-ﬂo 56.6379 —
R <~ @ I QOS_MC_MNT Lancer le module Monte Carlo | Lancer ‘
e W 815884 Lancer le module Bayesien : Lancer ‘
L 56,0726 =
{% v O orig-data2 Lancer le module de Krigeage : Lancer ‘
¥ © 4.2000 - 15.1200 e
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90 ' | . Lancer la visualation 3D | Lancer ‘
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| Save as | Selection |Temporary polyline & ‘ Add Layer

22§

| Coordonnée : |

| Remove Layer |

Click for polyline and double click to end (right click to cancel then quit)

1,2095,50.5624 | Echelle [1:66 778 | v | Wl Rendu EPSG:4326 g

GEBCO Science Day 2015

5/10/15




Viewing / Exploiting uncertainty

Applications Places [Z] Wed Sep 30, 4:53 PM
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CONCLUSIONS

v' An attempt to provide a tool to build bathymetric DEM with its corresponding
layer of uncertainty

v Methodology built on “sound” mathematical background and adapted

hydrographic assumptions

Characterization of the source data relates to international standards (IHO)

Nearly independent of the interpolation technique

Open source solution / flexible coding

ANRNEN

FUTURE WORK

v Improve a-priori characterization of the source data (e.g. vertical precision as a
function of depth)

Improve Bayesian network learning and results

Improve performances (parallelization)

Propose better ways to present the results

BAG implementation
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