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IHO Statement on Crowdsourced Bathymetry

Crowdsourced bathymetryfCSB) is the collection of depth measurements from vessels, using standard

navigation instruments, while engagéu routine maritime operations.The International Hydrographic
Organization(IHO) las a long history of encouraging the collection of crowdsourced bathygptethelp
AYLNR DS YIY{lAYRQA dzy RSNRGIFIYRAY3 2F GKS akKl LIS |yR

TheGeneral Bathymetric Chart of the Oce@EBCO) project wastiated in 1903 by Prince Albert | of
Monaco to provide the most authoritativeoublicly-available bathymetry (dagp maps) of the world's

oceans.Over the years, the GEBCO project, now joiotlgrseenby the IHO and théntergovernmental

Oceanographic CommissigifOC) of UNESCO, hasduced maps of the ocean flodrom depth

measurementsollectedby vessels as tlygourneyed acrosstheoceans.K Sa S G LJ aal 3S &2 dzy R
enalled the creation of progressivelyore-detailedseafloor mapsanddigital data grids More recently,
systematic surveylave also beensed to improve the maps and grids

Unfortunately, despite thenultitude ofdata that have beencollectedsince 1903, less thdifteen percent

2T (KS ¢ 2 NI KaEbeeh dBdswyediik eklofithe dataised to compileseafloor maps are

estimated depths These estimated depths al@gelyderived fromsatellite gravity measurementghich

can miss significant featuresnd provide only coarseesolution depictions of the largesseamounts,

ridges and canyonsProgress in mpping coastal waters only marginally better.IHOpublication G55,

Status of Surveying and Charting Worldwidelicates thatabout fifty percent2 ¥ G KS 62 NI RQa
watersshallowerthan 200 metregremain unsurveyed.

While the hydrographic and scientific community lament this lack of datagtBeNJinR®@st inseas,

oceans and aterways continues to increas@he concept of dlue economy is firmlystablished along

with an evergrowingpublicl ¢ NSy S&aa 2 F Y| yupoh amiQdnerabflity 381yieRs8ay O S

Several highlevel globalnitiatives are now in face that seek to address ocessues, including thenited

bl GA2y Qa8 wHnon ! 3SYRIE T2 NihdPdrk Adreknyeht ande® thesUpi@ENagondy Sy (i
Framework Convention on Climate Charaed theSendai Framework for Disaster Risk Redu@idtt

2030 In this context, the shortfall in bathymetric dataggen moresignificant, as it is now recognised

that knowledge of the depth and shape of the seafloor underpins the safe, sustainatlegsteffective
execution ofalmost every human activityn, or beneath the sea.

In 2014, the IHO, at its Fiftaxtraordinary InternationaHydrographic Conference (EH3Y¥; determined
to improve this situation by pgressingactions to improve the collection, quality and availep of
hydrographic datavorldwide. One d these actionsProposal, concernedcrowdsourced bathymetry.
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The EIHG, considering”roposal 4and the comments madeuring the Conference, decided,recision
8, to task thelnter-Regional CoordinationoBmittee (IRCCip establish a working grouf prepare a

new IHO pubdation on policy for crowdsourced bathymetry

The International Maritime Organization (IM®@gfety of Lifet Sea (SOLS carriage requirements oblige

all commercial vessels to be equipped witkrtified echosoundes and satllite-based navigation

systems.As aresult, th&g 2 Nt RQa O2 YYSNDALI t ¥ uapped Suddceldbbientay G & | &
depth measurementsWhile CSB data may not meet accuracy requirements for charting areas of critical
under-keel clearancet holds limitless potential for myriad other usdévessels collect and donatiepth

information while on passagethe datacanbe used to identifyuncharted featuresto assist irnverifying

charted information andto helpconfirm thatexisting charts arappropriatefor the latest traffic patterns
Crowdsourcedbathymetry can also provide vital information to supportnational and regional
development activitiesand scientific studiesn areas where little or no other data exists.

Rewognizing the relevance of bathymettyg international maritime policy and the blueconomy and

notingthat crowdsourced bathymetry may S dza S¥dzf T2 NJ Yl ye LRGSYydAlt dza s
and waterwaysthe IHO has developed this guidardmcumentto state itspolicytowards, and provide

best practicedfor collecting crowdsourced bathymetry. It is hoped that this document will provide

volunteer data collectors and interested parties with guidelif@gathering and assessitige qualityof

CSB data

This document provides. technical quidelines only that in no way supersede national or international

laws and requlations

XXXX
SecretaryGeneral
date
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Introduction

I. Purpose and Scope

The purpose of this document is to provide guidancentarinersto help themcollect and contribute
crowdsourcedbathymetric data in dormat that isuseful tothe broadestpossibleaudience It is hoped
that this documentwill help marinersoptimise data collection,and will provide them with information
about devices, techniqgues and formathat are recommendedby the International Hydrographic
Organizatiorfor gatheringand contributing CSB data

This document also providésformation aboutdata uncertainty, to helglata collectors andlata users
better understandjuality, completenessand accuracy issues withowdsourceathymetry. Additional
considerations relatedo crowdsourcedbathymetric data loggingand datasharing are also briefly
explored.

Thisdocumentis not intended toprovide definitive guidance on hovibest to use crowdsourced datas
the scope of CSB is fegaching and has many potential future applications.

[I. Target Audience

The IHO seek® inform and guidecollectors ofcrowdsourced bathymetry data Grganizations(also
referred tol alrustédN2 R Sidteasted in serving adsaisors between data collectorandthe IHOmay
also find the information helpful. Users of crowdsourced bathymetry dataay find this document
informative, as wellalthough they are not the primary audience.

I1l. Document Structure

This document addresseseveral topics related to crovedurced bathymetry. Chapter OnéData
Gontributions ¢ LINE2 @A RSa Ay T2NNI (A 2y bathyRelrito tkedHO Data Ceatrd y R
for Digital Bathymetry (DCDBJ)a Trusted Nodes.

ChapterTwo, éData Collectioh provides a higHevel overview othe sensors necessary for collecting
crowdsourcedbathymetry, as well as best practices and recommendationgollecting CSB. Chapter
ThreeZ Daia andMetadata> describes the importance afata andmetadata, and details the information

that is required for submitting SB to the DCDB, as well as additional information that should be collected

whenever possible

11
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Chapter FoyrdUncertainty, delves into data quality issues, adicusseshow marinersand end users
can better understand the impact of various factors on the reliability afataset Chapter Five
oAdditional Consideratiofsdiscussesssuesthat collectors and Trusted Nodes may wishctnsider

before engaging in CSB activities.

Additional detail and further readirgre provided vigAnnexesand external linksThisguidance document
isintended to be a livinglocument andwill be updatedn light of furtherexperienceand feedback from
data collectors and data users
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1. Data Contribution

This chaptedetails the process for contributing crowdsourced bathymetry (CSB) data tiHtbeData
Centre forDigital Bathymetry (DCDBJjia Trusted Nodesind specifiesequired data formats.CSB data
collectorsand Trusted Nodeare strongly encouraged to provide their data to the DCDB to help fill gaps
in global bathymetric coverageThesedata willin turn be madefreely and publichavailablethrough the
DCDB CSB web portal.

1.1IHO Data Centre for Digital Bathymetry

TheDCDB was establishég the IHGn 1988 to stewardhe worldwide collection of operbathymetric

data. The Centre archives and shadepth datacontributed by marinersand othersfrom across the
world. ¢ KS 5/5. Aa K2aGSR o0& GKS '{ bliA2yl fNato@SI yA O |
Centers for Environmental Information (NCHI)Boulder, ColoradoAll data hosted by the DCDB is
accessible online via interactiveeb map services

1.2 The Trusted Node Model

The DCDB currenthcceptscrowdsourced bathymetry@SBcontributionsthrougha network ofTrusted
Nodes which are organizations or individuals that serve data liaisons betweenmariners (data
collectors)and the DCDBFigure 1) Trusted Nodes may assist the mariner by supplydata logging
equipment, providing technical support to vessels, downloading data from data loggers, and providing the
information to the DCDBTheDCDB works with each Trusted Nddestandardize metadata and data
formats and déine data delivery requaments. This modehormalisesddata contributions and minimizes

the requirements and effort for mariners.

At present, individual data contributors are encouraged to join an existing Trusted Node. In the future,
the DCDB may expand its capabilitystgoport individual contributors or other models of contribution.

Parties interested in becoming a Trusted Node should contact the RODRBiInfo@noaa.gov

13
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Figurel. Data flow from vesss| through Trusted Nodes, to the DCDB.

1.2.1Transmission Protocol

Trusted Nodes have the option of making CSB availableditection by the DCDB using a standard
network protocol such aBTR or via arHTTHost. There are no DCDB requirements for frequency or size
of data submissions.

1.2.2 Authentication Method

The DCDB needs to ensure the integrity of incoming data streams, so a unique key is assigned to each
Trusted Nodéo authenticate the provider. The unique key is submitted with the HTTP post and identifies
the validity of the data stream in the post. thfe unique key is not submitteay is unknown, the data
submission isejected,and an HTTP 401 error code isureed to the provider. The unique key is only

used for the submissioprocess ands not tied to the data filgswhichcan provide a degree of anonymity

to the data provider, if desired.

1.2.3Data and Metadata Formats

All data contributions should comfm to the data format and met#ata standards described in ttigata
and Metadatachapter of this document unlessseparately and specifically agreed otherwise by the
Director, IHO DCDB.

14



1.3 Overview of CSB Data Flowhreugh-the 1HHO-DCDBB

[ {. RIFEGFY ARSYUGAFTASR & 6St2y3aAy3d G2 GKS KAIK &
into the DCDB database without restrictions on its further reuse. Figure 2 is designed to show future filter
processes, including geographical location checking process and any subsequent masking actions, which
will be applied to any incoming CSB data, collected within waters of national jurisdiction, before ingestion
into the DCDB database. The flow diagram is of generic natoedfiliered flow of CSB data will be based

on the information received by the IHO Secretariat from individual coastal states on request. Further
details of which coastal states support CSB activities within their waters of national jurisdiction, along wit
any caveats they have articulated, are available from the IHO website. CSB data, collected within waters
of national jurisdiction of coastal states who did not notify their respective CSB support towards the IHO
Secretariat, will not be ingested. Thiatd will be stored and only made available at such time as

authorization is received by the IHO from the respective coastal state.

-;"-I!-lag'il-t—e;;ui - | Coastal State I

\ l / | GEBCO / Seabed 2030 |

.........

IHO Data Centre for {IHO - i
Digital Bathymetry E filter* | I PubicAccess |

.........

‘ | No further distribution [

* Filter based on coastal state response to future IHO CSB questionnaire

Figure 2. A'schematic of a filtered flow of CSB data based on the response provided by a coastal state to a future
IHO CSBuestionnaire.

1.3.1 Submitting CSB daté the DCDB

CSB data submitted to the IHO DCDB are automatically verified upon receipt. The verification confirms
that the data are from drusted source and that the submission contains valid file types. The &les

then logged in dracking system at the DCDB. Ingest scripts corded to GeoJSON if necessasyore

the files for user access and archiviramd populate a metadata catalogue. Bxtrad, Transform, and
Load(ETLprocess then creates file geometries and populates a spatial database with the geometries and
a subset of the metadatarigure2-3 illustrates the flow of CSB data from the mariner, to ffreisted

Node, thelHO DCDB, and fingltto the public.
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Figure23. A schematic of the flow of CSB data from the Trusted Node, to the IHO DCDB, and to the public.

1.3.2 Accessing CSB data

The spatial database feedsnaap viewerat https://maps.ngdc.noaa.gov/viewers/csb/index.htnthat
enablesdata discover§Figure34). The map viewer is an online tool where users can $efan identify,
and obtainCSB data. To helgserssearch forspecific data that they artoking for, the map vieer
contains filters that correspond to a specified time range or vegs#éss the vessel chooses to remain
anonymous) Users can alsidentify data files geographicallysing theldentify tool which allows users
to click on a single point, drawractangleor polygon, or input geographic bounds.

Once a selection has been made, a jpppwindow shows the corresponding file@icking on a file name

yields additional information ahg the file.. &

asSts

OGAyYy3a &9 EG NIn@de,althé | ¢ |

user is taken to the Data Access page, where they can edit or finalize their order. The application then

A8yRa GKAA

RFGF

NBIj dzS&i=

I £ 2 y 3 ery dysiekn, wihishSerifie thadzS & G 2 N.

the request is welformed and then queues the work in the processing system. When data retrieval and
preparation are complete, the user is notified via email, and is provided with a URL where they can retrieve

the data pakage.
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2. Data Collection

2.1 Systems and Sensors

Many vessels alreadyossesghe minimumequipmentneededto collect CSBand only need tinstall a
data loggey or enable logging softwardéo begincollecting CSB. The following sectigmevide basic
information abait sensors, as well as best practices and recommendations for collectingr@SBore
in-depth information about systems andgensorspleaserefer to the IHO publicationG13, Manual on

HydrographyChapters 2 and 3)

2.1.1Echo-sounders

Echesounders, or depth soundersletermine the water depth by transmitting soungulses from a
transducer and recording the timét takes for the sensoto receive the return echo from the seafloor.
Transducers are usually mounted orethull ofavesse| but can be mouted on other platforms, as wel
There are two main types of eclsmunders: single beam and multibeargitherof these echesounders
can be used to collect crowdsourced bathstny, however the guidance developed in this document will
focus on single beam CS#3 the Trusted Node/DCDibdel is currently equipped to receive and process
those data

2.1.11SingleBeam Echesounders
Single beam echsounders collect a single depth measurement from a relatively narrow beam of sound

focussed on the seafloor directly under the transducéfany vessels are equipped with single beam
echosounders, as they provide sufficient undael clearance information for safe navigatioifhe
Trusted Node model is currently designed for donating single beamsminader data to the DCDB.

2.1.1.2 Multibeam Echosounders

Multibeam echo-sounders collect depth measurements fayming many receive beamis a wide arc
below (r in the case of forwaklooking navigation sonar, ifront of) the vessel. Multibeam echo
sounders provide a much more detailed representation of the seafloor than single beam depth sounders,
and thus can provide additional information about hazards or objects on the seafibultibeam echo
soundersare oftenfound on research vessebs well as someommercial vessels, expedition cruise ships,
and recreationalessels.Vessels equipped witmultibeam echesounders that wish to contribute data
tothe DCDR& Saidl of A aKS Rshalliztoitacotii IDEDBLdikettlgdb infd @noaagov.

2.1.2Positioning Systems

Positioning systemselp marinersdetermine their location oni K S 9 $uf&ieKa@Qdprovide vital
information fo CSBWithout accurate location information, CSB has little vaMest vessels carry a
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Global Navigation Satellite Systé@NS} suchas GPS, GLONS® any other constellatiopwhichobtain
position fixes automaticallyGNSS positiorexe typically provided once psecond andre accompanied

by a time and datestamp. CSB data collection systersisouldprovide a position andtimestamp with
every depth reading. Thiallowsdata users to accately position depthmeasurements andpply
correctiors to the data if neededThe GNSS can also output information about the quality of the signal
and interruptions in servicgnd these datahouldalsobe loggedif possible.

2.1.3Motion Sensors

Some vessels may be equipped with motion senshigtion sensors measure the movemt of a vessel

caused by the waves and sweMotion sensor data is not required data, and it is acknowledged that most

vessels will not be equipped with this technologior single beanechosounders,however, motion
sensorscapture @S NI A OF £ Y2@SYSy iz FyR N8B dzaSR (heave 2 NNB O
For multibeamechosounders, motion sensors méadzNB | @S a & Stire@ dimevitogsSoxtiaty i Ay
correctionscan beapplied to the datdo account for the heave, pitgland roll of the vessel. Vessels that

are equipped with a motion sensshouldinclude motion sensodataat the time of data collectiom the

dataset they sendb their Trusted Nodeas it cargreatlyimprove the quality of the final dataset

2.2 Hardware and Software

In addition todepth, positioning, and motiosensors, there are several hardware and softwaadables
that mariners shoul@¢onsider when collecting CSB data.

2.2.1Data Loggers

Crowdsourced bathymetry data loggen® electronicdevice 2 NJ a2 Fli 6 NB G KI (- O2yySC
sounder and positioningystem andecord the sensor outputsThey write to files in a formalesignated

by the designer of the data logger software such as NMEA 0183he recordeddatais thenrelayed to

a Trusted Nodewho preparesthe data for contribution to the DCDBEsoftwarebased data loggenmnay

be availablén anECDI®r electronicchart plotter that alreadyncorporates inpufrom the echo-sounder

and the GNSSVessels that do not posseassuitable navigation systeror data logging softwargwill

need to install a standalone loggeCurrent lardwarebased data loggetypicallyrequire the installation

of a simple, small electronic compent that connects to the echsounder and GNSS and records their

output. Trusted Nodes can providmariners withdata loggers, as well asstallation guidance and

assistance.
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2.2.2Understanding NMEA 0183

It is helpful formarinersto understand the raw data that is being output by their sensdvany marine
sensors, such as GNSS positiosygiemsr echosounder transduces, transmit data in accordance with
standards developed by thgationd Marine Electronics Association (NMEAheNMEA 0183 standard
dataformat,2 NJ Wa S yré Sosh Gunaratyl machinereadable and provide information about the
sensor measrement and status All NMEA sentences begin with a $, aatth field icommadelimited.

There are many different types of NMEA sentences. The following sections describe a few that may be
useful for CSB data collection

2.2.2.1GNSS NMEA Sentences

RMC, GGA, and GLL sentences provide output from the GNSS. seasbhrsentence type provides slightly

different information AW D [NIME20183 sentenc@rovides positiorand timeinformation, andmaylook

like this $GPGLL,0424.99,N,11359.7384,E,012636.21,A,D,*5EIn thissentencei KS WD[ [ Q RSaA 3
is followed by thelatitude ard longitude (with hemispheres), and théne (but not date),in UTC

hhmmss.ss format.

A GNSSW D D sefence provides time, position, and fix information and may look like this:
$GPGGA,071953.00,0424.9862,N,11359.7661,E,1,9,1.8,21,M,,M, 68 this example the WDD! Q
designator is followed by the time (in UTC), the latitude, longifwdel information about the accurgc

of the GNSS position fix.

¢tKS Wwa/ Q &Sy Sy O&ntandtielrddnmmandkl Miniraum Dévifation information,
and providesposition, velocitytrack made good, datdéime, and magnetic variatiomformation. It may
look like this: $GPRMC,102318.28,4537.02%8,N,03243.02&,E,015.3,186.211217,007.2W*6A. In
this sentence, theRMQ®designator is followed by the time, in U{Rhmmss.sk the latitude and
longitude, vessel speedin knots), track made good (in degrees trudate (ddmmyy), and magnetic
variation(degrees and E/\WW

2.22.2 Echosounder NMEA Sentences
NMEAWBBTXdepth below transduceryentences for echgoundes provide depth measurements in

several units, andnay look like this: $SDDB;D006.0,f,0001.828,M,0001.0,F*3AThe depth in feet,
metres, and fathoms areisiblein each of the commdaelimited fields, separated by their unit of measure.
For this depth measurementgertical correctors, such dke draft of the vessehnd water leel, must be
added to the DBT depth to derive the full depth of the water column.

2.2.2.3NMEAData Logging
Stripping data from an NMEA senterisenot recommended.Saving the data in its original formaill

help validate sensor readingsd troubleshoot potential anomalies in the datd/hile the IHCDBNly
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acceptsGeoJSONCSVor XY ZTlongitude, latitude depth, time)datain one standard formatogging the
full NMEA string and submitting it tthe Trusted Nodds highly recommended.Many data loggers
provided by Trusted Nodes already preserve the entire NMEA sentence.

2.2.2.4Computer Time
I 02 Y Lid=raiNIDck typically drifts several seconds per week. Tmintain the most correct

timestamp possiblgwhich will help to maintain the best position information for the depth déle data
logger, or logging softwareshouldinsteadbe setto incorporatethe time provided by the GNSS GGA, GLL,
or RMC sentence. If it is necessary ty @t thecomputerclock for the @te, document this, if possible,
andinvestigate how welil KS 02 Y LJdzii S NIRRikikedp datusaelimetafteCaflodgperiod without
system power.

2.2.30nboard Data Storage

Vessebwners and operators should ensutet they have adguateonboarddata storage capabilitiet®

logdepth and positioninglata until they can transfer the data to a Trusted No@®nducting one or two

days of trial data logging may help the mariner identify the average file sizes loggedibynique

systems and derive an estimate of data storage requirements for longer voyHigegessel is installing a
hardwared 8 SR RF GF f233SNE GKS YINAYSN) aK2dzZ R O2yadz
data storage limits. If addinal storage is needed, the mariner should ask the Trusted Node if it is possible

to transfer data from the logger to ancillary storage (such as an extéard drive) while underway.

2.2.4Data Transfer

After the CSBdata islogged it should be transnitted to a Trusted Node.Logging and transmitting
processes should be as simple and automated as possible to encourage continued contribution of data.
Each Trusted Node or data aggregator will provide mariners with the appropriate procedure for CSB data
delivery. Sending and receiving data at sea is challenging communication systems and bandwidth
may be limited or expensive. Because of this, it is important to note that CSB data are not normally time
sensitive; the most important factor is ensurititat the data are shared. Some mariners may wish to
leverage communications systems to transfer data while still underway; however, the method of data
transmission could also be as simple as mailing adtt®8ge deviceo the Trusted Node Mariners are
encouraged to work with their Trusted Node or data logger supplier to identify the preferred method for
data transfer.

2.2.5Continuity of Electrical Power

Continuous power aboard vessels is never a guarantee. Some vessels invest in, or are reqammgd to
an Uninterruptable Power Supply (UPS) to provide power to navigation equipment in the event of a loss
of vessel power. However, not all vessels have a UPS, and even with a UPS, there are times when the
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transition from shore power to a generatoauses a momentary loss in power. When this happens, data
loggers and instruments must reboot and recover. Consider using a data logger that will recover
automatically if there is a power interruption, one that has a backp battery.

2.3Vessel and &nsor Measurements

Thehorizontal and verticaeasurements between the GNSS and the estwnder, and between the
waterline and the transducegre key components dhe quality and accuracy of the dat&ome systems
are programmed tdncorporate theseoffsets when the sensors are installed. If they do not, mariners
should record these measurements as best as possible, and include them in their mefHuafallowing
sections provide information about these measurements, and best practices for aujlectd recording
them.

2.3.1 Sensor Offsets

Sensonffsets referto the fore-and-aft and port-and-starboarddistances from I @ S &RSS farfaiina
and thetransducer. Whenmeasuringpffsets, it is important torecord the axial directiomof positive and
negative values, as these conventions can vaiyegraphicbelow Fgure-45) shows an example where
measurements aréakenfrom the GNSS antenna to the sonar transdyeéth positive values towards
the bow and starboardln some systems, the GN&&enna offsefs already incorprated into the eche

& 2 dzy Rm@ddideiments If thisoffset is notautomatically integrated, mariners should record their
sensor offsets, and relay that information to their Trusted No@leeseoffset measurementielp correct
the bathymetric data so that the position indicated by the GNiSShe same as the position of the
transducer. This greatly improves the positional accuracy of the depth data.

If the depth information is not corrected with an offset from the GNS®&rara, the depth data may
appear to be ira different location than it is On very large vessels, where the offset between the GNSS
antenna and the transducer could be greater, the error could increase.
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Longitudinal and Lateral Offset from GNSS Receiver to Sonar
measurement starts at GNSS Receiver

-5 meters <‘

+5 meters

Y

-1 meter %

Negative Offset Positive Offset

Figue 45. How to measure offsets betwedBNSS antenna and ecBounder transducer.

2.3.2Variations in Draft

If avesseltakes oncargo,fuel, or supplies, the draft of the vessel will vary, whadtangeshe depth of

the echasounder transducebelow the waterline. This change in depth can nethe transducer record
measurements thaare deeper or shallower thareality. As with the sensor offsets, it is important for
the mariner to record this information, so that vertical adjustments can be made to the data during post
processing. This cdre accomplished by recording the draft of the vessajether with the time and
date, at the beginning and end of a voyaged providing that information to the Trusted Nog¢eigure

56).
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Figure56. How to measure the depth of the transducer below theterline.
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