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Abstract

Volunteered Bathymetric Information (VBI) (commonly called Crowdsourced Bathymetry,
CSB) is a relatively untapped data source that could be used in many ways such as filling
data gaps and informing future data collection expeditions. Determining the quality of VBI, has
been difficult and time consuming leading to limited use in official nautical charts by national
Hydrographic Offices. Despite this, the International Hydrographic Organization continues
to collect and store CSB in its Data Centre for Digital Bathymetry (DCDB) in the hopes of
widespread future use. Multiple methods of rapidly determining the quality of Volunteered
Bathymetric Information are being developed, but data discovery, acquisition, management,
and correlation with authoritative data remain cumbersome. In a world of limited staff and
resources, automating this process will help to increase the speed with which VBI could be
assessed for quality and incorporated into nautical charts, bathymetric models, survey plan-
ning, and decision-making tools. This article introduces an open-source program called VB/
Compare, built to ease data discovery and management of VBI for quality calculations. VB/
Compare automates interactions with the Data Centre for Digital Bathymetry and the NOAA
National Bathymetric Source to locate, acquire, and manage the data required for quality cal-
culations. As part of the data discovery process, VBl Compare ensures colocation of VBl and
authoritative chart data and displays the data collected and processing status to the user. It
also allows for data reputation calculations to be initiated. To demonstrate the significant effi-
ciency of VBI Compare versus manual searching and downloading, an area near Galveston,
Texas (US Gulf Coast) was used as a case study demonstrating the real-world utility of VBI
Compare to a Hydrographic Office.
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Resumé

L'information bathymétrique volontaire (VBI) (communément appelées « Bathymétrie participative », CSB)
constituent une source de données relativement inexploitée qui pourrait étre utilisée de nombreuses fagons,
notamment pour combler les lacunes en matiere de données et informer les futures expéditions de collecte
de données. La détermination de la qualité de la VBI a été difficile et a pris du temps, ce qui a conduit a
une utilisation limitée dans les cartes marines officielles par les Services hydrographiques nationaux. Mal-
gré cela, I'Organisation hydrographique internationale continue de collecter et de stocker les données de
CSB dans son Centre de données pour la bathymétrie numérique (DCDB) dans I'espoir d'une utilisation
future généralisée. De multiples méthodes permettant de déterminer rapidement la qualité de I'information
bathymétrique volontaire sont en cours d'élaboration, mais la découverte, I'acquisition et la gestion des
données, ainsi que leur corrélation avec des données faisant autorité, restent fastidieuses. Dans un monde
ou le personnel et les ressources sont limités, I'automatisation de ce processus permettra d'accélérer
I'évaluation de la qualité de la VBI et son intégration dans les cartes marines, les modéles bathymétriques,
la planification des levés et les outils d'aide a la décision. Cet article présente un programme open-source
appelé VBl Compare, congu pour faciliter la découverte de données et la gestion de la VBI pour les calculs
de qualité. VBl Compare automatise les interactions avec le Centre de données pour la bathymétrie numeéri-
que et la National Bathymetric Source de la NOAA pour localiser, acquérir et gérer les données nécessaires
aux calculs de qualité. Dans le cadre du processus de découverte des données, VBl Compare assure la
colocalisation des données de VBI et des données cartographiques faisant autorité et affiche a I'utilisateur
les données collectées et I'état d'avancement du traitement. Il permet également d'initier des calculs de
fiabilité des données. Pour démontrer |'efficacité significative de VBI Compare par rapport a la recherche
et au téléchargement manuels, une zone proche de Galveston, Texas (c6te du Golfe des Etats-Unis) a été
utilisée comme étude de cas démontrant I'utilité réelle de VBI Compare pour un Service hydrographique.

Resumen

La Informacion Batimétrica Voluntaria (VBI) (comunmente llamada Batimetria Participativa, CSB) es una
fuente de datos relativamente por explotar que podria utilizarse de muchas maneras, por ejemplo para cu-
brir carencias de datos e informar sobre futuras expediciones de recogida de datos. Determinar la calidad
de la VBI ha sido dificil y ha llevado mucho tiempo, lo que ha limitado su uso en las cartas nauticas oficiales
de los Servicios Hidrograficos nacionales. A pesar de ello, la Organizacion Hidrografica Internacional sigue
recogiendo y almacenando la CSB en su Centro de Datos para Batimetria Digital (DCDB) con la esperanza
de generalizar su uso en el futuro. Se estan desarrollando multiples métodos para determinar rapidamente
la calidad de la Informacién Batimétrica Voluntaria, pero el descubrimiento, adquisicion, gestion y correl-
acion de los datos con los datos oficiales siguen siendo complicados. En un mundo de personal y recursos
limitados, automatizar este proceso ayudara a aumentar la velocidad con la que se puede evaluar la cali-
dad de la VBI e incorporarla a las cartas nauticas, modelos batimétricos, planificacion de levantamientos
y herramientas de toma de decisiones. Este articulo presenta un programa de codigo abierto llamado VBI
Compare, creado para facilitar el descubrimiento de datos y la gestion de la VBI para célculos de calidad.
VBl Compare automatiza las interacciones con el Centro de Datos para Batimetria Digital y la Fuente
Batimétrica Nacional de NOAA para localizar, adquirir y gestionar los datos necesarios para los calculos
de calidad. Como parte del proceso de descubrimiento de datos, VBI Compare asegura la colocacion de
datos cartograficos VBl y oficiales, y muestra al usuario los datos recogidos y el estado del procesamiento.
También permite iniciar calculos de reputacion de datos. Para demostrar la significativa eficiencia de VBI
Compare frente a la busqueda y descarga manual, se usd un area cercana a Galveston, Texas (Costa del
Golfo de EE.UU.) como ejemplo de estudio demostrando la utilidad en el mundo real de VBl Compare para
un Servicio Hidrografico.
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1 Introduction

According to the Nippon Foundation-GEBCO
Seabed 2030 Project, approximately 74 % of the
world's oceans remain unmapped (Seabed 2030
Project, 2024). With limited worldwide resources
to fill these gaps, Hydrographic Offices (HOs), pri-
vate industry, and educational institutions are trying
to find novel ways to collect and process data to
augment traditional mapping. One option is the
use of Volunteered Bathymetric Information (VBI),
commonly called Crowdsourced Bathymetry (CSB;
Jencks & Chappell, 2018). VBI is data that is sup-
plied to an HO from an outside source (Calder,
2021). The capabilities of these sources range from
those with survey-grade equipment to data col-
lected with standard navigational sonar systems.
This disparity in capability necessitates rigorous
data quality analysis to determine the viability of data
from each contributor.

A large amount of VBl data is publicly available in
the International Hydrographic  Organization  (IHO)
Data Centre for Digital Bathymetry (DCDB; Jencks &
Chappell, 2018). Data stored in the DCDB CSB da-
tabase were collected by contributors using vessel
navigational sonar and positioning equipment during
normal maritime operations (HO, 2022a). Determining
the quality of this data is difficult and time consuming
using traditional methods due to a general lack of
metadata, limiting its current use. Many HOs agree
that CSB has potential use in ocean mapping initia-
tives, but there is disagreement about its role because
quality is so difficult to ascertain (Calder, 2021).

In 2021, a method of determining VBI contributor
(and data) reputation by comparing it to authoritative
data sources (vetted for charting or official use) was
proposed (Calder, 2021). Additionally, a standardized
processing method for CSB data has been devel-
oped for HOs (Klemm & Krabiel, 2023) by applying
tide data and deriving sonar draft via authoritative data
comparisons. Notably, both methods provide potential
options for determining data quality through compari-
sons to authoritative data, but currently require manual
discovery and data management, a time-consuming
process prone to error. The advent of the IHO's S-100
suite of specifications (HO, 2022b) and the growing
desire for more precise navigational and modeling
tools is putting stress on the prevailing data pipelines.
This necessitates the need for more time-efficient pro-
cesses to allow additional data sources to be ingested.

The source of authoritative data used for VBI data
comparisons depends on the needs of the HO em-
ploying the tool and should be based upon where and
how their trusted data is stored. It could be a HO's
own database, or an external database containing
data trusted to be the best available for the area it
covers. In this case study, by way of example, data
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from the NOAA National Bathymetric Source (NBS;
OCS, 2024) is used as it is the authoritative public data
source for the United States Office of Coast Survey.
Other authoritative data sources for different regions
(e.g. NONNA in Canada (NONNA, 2022), EMODnet
for the European Union (EMODnet, 2024), etc.) could
equally be used with similar technigues.

In addition to requiring VBI data and coincident au-
thoritative data, the Calder VBI reputation calculation
requires a file management scheme that allows the
necessary spatially coincident data to be stored and
later retrieved for processing (Calder, 2021). Both local
and cloud data storage and processing are possible
for the execution of data quality calculations, however
each has different input requirements. Additionally, file
management is critical to ensure the intended data is
used in calculations to ensure the greatest possible
accuracy. Therefore, a successful file management
tool must be flexible to allow for multiple processing
options, be time-efficient and capable of evaluating the
age and condition of selected files.

Similar to file management, different methods of
reputation calculation are required depending upon
whether the algorithm is deployed locally or in the
cloud. A programmatic solution for file management
and reputation calculation could make this workflow
less cumbersome thus helping to promote VBl as a
viable data source for HOs.

Presented here are semi-automated methods to
discover and manage data necessary for VBl data
comparisons from the DCDB and diverse authorita-
five databases. These methods are integrated into a
program dubbed VBl Compare' . A case study is also
described using NOAA's National Bathymetric Source
authoritative data and the DCDB CSB database to
show how this semi-automated program compares
to manual data discovery and management methods
while demonstrating how it may be adopted by HOs to
handle VBI in their areas of responsibility.

2 Databases

To compare VBI data to authoritative sources, the
minimum set of VBl data attributes required includes
location, depth, and observation time. Additional meta-
data may help increase accuracy and uncertainty
estimation including, e.g., vessel offsets or sound
speed profiles. These data are often managed differ-
ently, each with its own data storage, metadata and
access methods; an approach to abstracting away
these differences is therefore required. This section
demonstrates an approach for DCDB and NBS as an
ilustration of how this could be done generally.

2.1 IHO Data Centre for Digital Bathymetry
Database
According to the DCDB, their CSB database houses

' VBl Compare is available at https://github.com/CCOMJHC/VBI-Compare/ (accessed 29 July 2024).
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over 2.3 million linear nautical miles and 1 billion in-
dividual soundings of VBI data from all over the world
(as of July 2024). These data sets have been stand-
ardized for metadata and format by trusted nodes
prior to submission to the database (IHO, 2022a).

The DCDB has multiple ways to access the VBI
data it houses. The first is a web map interface or
a MapServer ArcGIS REST Service Application
Programming Interface (API), which allows the user
to select desired files geographically or by selected
attributes then submit an asynchronous request to
extract the data from the archive (DCDB, 2022).
The user receives an email containing a download
link to access the requested data in GeoJSON
(GeodSON, 2016) and Comma Separated Value
(CSV) (Safranovich, 2005) format along with a lim-
ited amount of metadata in JSON format. The
second access method is an Amazon Web Service
(AWS) Simple Storage Service (S3) bucket (Amazon,
2023), or cloud object storage container, hosted
by the NOAA Open Data Dissemination Program
(NODD). The CSV-format data files in this cloud-
hosted resource are organized by year/month/day
which makes it convenient to programmatically
download data within a given date range but more
challenging when searching for files by geographic
area of interest or other attributes. The third access
method is a new Pointstore APl (Pointstore-AP,
2024)2. This AP, while still in testing, allows the user
to query the archive of soundings as a seamless vir-
tual collection of data, i.e. without concern for which
files contain the data of interest. Filter criteria include
geographic envelope, platform, date, etc. The API
uses an asynchronous request model and REST-
style HTTP queries to POST a new request and
GET the status (and download URL) of an existing
request. The user will also be notified via email when
a download package is available but all interaction
can be handled programmatically. Data are in CSV
format and the user can optionally request a gridded
output of the data as well.

Regardless of which service is used, the files de-
livered contain depths, time, and location along with
other metadata, satisfying the requirements of the VBI
Comparison algorithm. The Web MapServer does not
allow for direct download of the files it contains. When
using this service, the user must supply an email ad-
dress to receive a message containing a File Transfer
Protocol (FTP) URL for local file downloads, making
it difficult to automate. On the other hand, the S3
bucket does allow for file downloads or collection of
URLs pointing directly to the data in the bucket itself.
Currently, however there is no direct way to query the
S3 bucket with geographic parameters or other attrib-
utes to determine the required data. A solution using
the MapServer REST API to identify files and the S3
bucket to download them is outlined in Section 3.1.

2.2 National Bathymetric Source Database

The NBS S3 Bucket houses authoritative data in
GeoTIFF format (OGC, 2019). The bucket contains
a folder for each NBS tile area which contains the
GeoTIFF and an associated XML file.

A difficulty in using NBS is that it uses its own tile
tessellation convention, separate from that of the
NOAA Marine Chart Division (MCD) electronic chart
tiles used in navigation equipment. MCD uses a tile
set at specific dimensions and resolutions that corre-
spond to the areas, name, and characteristics of their
Electronic Navigation Charts (ENCs). The tile scheme
NBS uses has a different naming scheme and a
wider range of resolution options. While many of the
NBS tiles do line up with chart tiles geographically,
they may be at a different, often finer, resolution. This
disparity in naming conventions makes searching
for specific NBS tiles based on a navigational chart
name difficult. A mechanism for resolving this dis-
parity is given in Section 3.1,

3 Programmatic data discovery
methods

As described in Section 2, the schema and query
methods of the databases required for VBl data
comparison differ greatly which makes acquisi-
tion, visualization, and comparison of colocated
datasets from each difficult and time consuming.
Programmatic data discovery methods have been
created to address each of these concerns allowing
for semi-automated data processing.

3.1 Database selection and query
The DCDB S3 bucket contains the desired VBI
data and access to it is relatively easy through
downloading files from the bucket or direct access
via S3 URL, making it the preferred database for
obtaining VBI. Using the S3 bucket also allows
for deployment of the reputation algorithm to the
cloud, which could avoid data egress or copying
charges if deployed in the same AWS region. To
ease data querying, the REST APl is used to en-
able programmatic search. The file names in the
GeodSON server and the S3 bucket are similar, so
it is possible to use the API to determine the de-
sired files and translate those file names to the S3
bucket naming convention to access them.
Similarly, easy access to NBS data stored in cloud
object storage (i.e., AWS S3 bucket) makes it the
preferred database for authoritative data. To over-
come the aforementioned naming convention incom-
patibilities between ENC and NBS ftiles, geographic
area queries, based on the extent of the VBI for which
authoritative data are needed, are executed against
an index stored as a GeoPackage file (OGC, 2021)
housed at the top level of the NBS S3 bucket. This
fle can be accessed directly in the S3 bucket and

2 The DCDB Pointstore APl was released in the spring of 2023 after the initial research and development phase of VBl Compare was completed and was therefore not

considered for use.
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queried to yield the desired file names and URLs to
the data stored in the bucket. The area used is ob-
tained from the ENC charts of interest using a pro-
grammatic APl query of the MCD ENC Rescheme
Status database (OCS, 2022b). Alternatively, the
GeoPackage file can be queried using a user defined
area then subsequently searching for colocated VBI.
While the NBS database only covers areas where
NOAA has charting authority, using it for this case
study shows how an authoritative database controlled
by an HO can be used to compare DCDB CSB data
1o determine reputation and uncertainty.

3.2 Query visualization
The data held in the DCDB can be visualized online
using a web map display® designed by the National
Centers for Environmental Information (NCEI). This
web map also allows for geographic area or point
queries. However, the map display cannot be reliably
used to programmatically download data and is not
connected to the DCDB S3 bucket, making it a less
useful option for visualizing all required data streams.
NBS data tiles can be visualized in NOAA's now-
COAST suite (OCS, 2023), but nowCOAST does
not have the capability to query the NBS tile set by
a user-defined area, nor can it access the data in the
S3 bucket. An alternative option is the GeoPackage
file in the NBS S3 bucket. As described previously,
this file can be used to query the NBS database, but
it requires a separate geographic information system
(GIS) software to open for visualization purposes.
Therefore, although both data sets have visualiza-
tion methods, neither of them allows for the visuali-
zation of both datasets simultaneously. This inability
is consequently addressed using a GIS monitoring
window built into VBl Compare. The map display
is the primary data visualization tool showing how
many files were collected and their geographic lo-
cation, allowing the user to confirm that the data
extracted covers the area of interest and that the
datasets are colocated.

3.3 Data integration

Collection of each individual data type from its re-
spective database is possible programmatically. To
execute a reputation calculation, both data sets are
required. Further, for a calculation to be completed
poth data sets must be colocated. This necessi-
tates a query of one database using the results of
the other. While these databases and files are diverse
as described previously, they both use the World
Geodetic System of 1984 (WGS 84; NGA, 2022)
geographic coordinate reference system both within
the data files themselves and the query interfaces,
making geographic queries possible across data-
bases. In VBl Compare, regardless of how the first
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database is searched, whether by specific chart or
vessel or by geographic area, the second database
is queried using the geographic extent of the first.

3.4 Executing VBI comparisons

Comparison between VBl and authoritative data is
conducted in a batch computation using an index
file of local storage locations or URLs for the affected
files. The outputs are saved to a local directory tree
structure and a Fig. showing reputation score as a
function of transit time is created. Access to the dis-
covered files requires a local download or internet
connectivity for cloud data. A programmatically con-
structed directory tree structure ensures the desired
fles are supplied to the calculation algorithm each
time it is executed.

Two directory structures were considered in devel-
oping VBl Compare. The first was to collect all the
files discovered by each query into one central direc-
tory built per run of VBl Compare. The second option
was to construct a directory tree that houses the files
corresponding to a specific tile or vessel in a sepa-
rate directory for each along with index files detailing
their locations. The second method provides a local
cache, thereby minimizing local storage and maxi-
mizing reuse, improving performance thus making it
the preferred directory structure.

In the cloud, for efficiency, processing is done
through accessing the data directly in the data-
base where it resides. This method is faster and
may lead to cost savings because data egress
fees are reduced over local downloads. Access via
S3 URLs is more efficient for the VBI comparison
algorithm as only segments of the GeoTlFF author-
itative data that are coincident with VBI need to be
downloaded rather than entire files and is therefore
preferred in this example.

4 Implementation architecture

The DCDB/ NBS implementation of VBl Compare
(Fig. 1) consists of five major steps. The code builds
a directory tree structure for data handling [1], then
determines which authoritative or VBI data the user is
looking for [2], cross references those results with the
files available in the S3 bucket for the respective data
type [3], and either downloads or indexes the URLs
for the required files [4] in a plain text file depending
on user needs. The reputation algorithm is then exe-
cuted [5] if certain constraints are met.

VBl Compare was developed as a desktop appli-
cation in Python for compatibility with existing tools
such as The Center for Coastal and Ocean Mapping
(CCOM) / NOAA Hydroffice (HydrOffice, 2022) or the
NOAA/ CCOM Pydro suite (OCS, 2022a). This appli-
cation is open source, allowing for modification to suit
the local environment (e.g. with different databases)

S https://www.ncei.noaa.gov/maps/iho_dcdb/ (accessed 29 July 2024).
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User Interface

User Specified
Search Method,
Input, Data Type

Build File
Structure

Results Database

Results

Compilation

Results

v User_Output_Location
> dcdb
> nbs @
v reputation_calcs

Collect Results

Fig. 1 Implementation architecture for the DCDB / NBS version of VBI Compare, illustrating the general workflow for S3 and API

queries for the two databases.

without licensing.

The VBl Compare GUI provides for search pa-
rameter specification and can be customized to
launch the reputation calculation for the area,
vessel, or chart of interest. A monitoring sub-
window allows for visualization of the data dis-
covery processing status and the data collected.
On the monitoring window, the map display is the
primary data visualization tool showing how many
files were collected and their geographic location.
Additionally, text outputs and progress bars allow
the user to monitor and confirm progress.

5 Case study

A case study was completed using the Galveston
Ship Channel (US Gulf Coast). For comparison, the
same data discovery was attempted both manually
and programmatically using VBl Compare.

The use case for this study was to first search the
DCDB CSB S3 bucket based on a user defined ge-
ographic area. Then the NBS bucket was searched
using the resulting track-line geometry of the VBI data
retumed from DCDB. This use case was selected
because it could be commonly used by HOs, and
it exercises VBl Compare to its maximum extent.
VBl Compare was instructed to collect S3 URLs for
cloud-based processing. The manual data discovery
and management attempt followed this same work-
flow. The settings used for the query can be seen in
Appendix 1.

5.1 Case study using manual methods

The DCDB CSB ArcGIS REST APl was used to de-
termine the CSB files that are available for the area
of interest. The query resulted in one thousand file
names. This output does not provide data or links
to data, so the user was required to copy the JSON
text to a Microsoft Excel file, and then parse the result

https://doi.org/10.58440/ihr-30-2-a14

to vyield the file names; Excel string manipulation for-
mulae were used for transformation to URLs. The
DCDB portion of the workflow was complete when
the user copied these URLs to a plain text index file.
Excel was used instead of, e.g., Python to reflect
notional use experience in the field, i.e., Excel expe-
rience is more common than Python. This simulates
the methods a user would need to employ without
prior training, specialized programs, or skills yielding a
better estimation for level of effort.

The DCDB trackline geometry was used to de-
termine the intersecting NBS tiles. During manual
testing, it was found that collecting and managing
this track line geometry was difficult without writing a
script. It became too cumbersome to attempt, so the
user opted to query the NBS GeoPackage using the
original user supplied area rather than track line ge-
ometry; this resulted in only the NBS tiles that were
strictly necessary for the area.

The user opened the NBS GeoPackage in the
desktop QGIS application. After importing the
GeoPackage, a Shapefile layer was created encom-
passing the user supplied search area. An intersec-
tion analysis was completed between the two files
yielding a list of the resultant file names and links to
two NBS GeoTIFF tiles in the NBS S3 bucket (Fig. 2).
The user then copied the GeoTIFF links to an index
file, completing data discovery. The total time to com-
plete manual data discovery took about 29 minutes,
17 minutes for the DCDB steps and 12 minutes for
the NBS steps.

5.2 Case study using VBl Compare
The bounding box in Fig. 3 used for automated data
discovery using VBl Compare was the same as that
used above in the manual workflow.

The workflow of VBl Compare is given in Fig. 4.
The VBl Compare run of the case study resulted in
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the same one thousand DCDB track lines as were
collected manually. However, this portion of the work-
flow completed in about 30 seconds (compared to
17 minutes). Additionally, the track line geometry

@ Intersection — Features Totak: 2, Fiftered: 2, Selected: 0 - o x

/BB RS

<t 0 S EERTESP EEDE & @&

tile GeoTIFF_Link RAT_Link Delivered_Date Resolution

2023-01-11 183... 4m

1 Zllel BHALSSTX

2023-01-11 183.. 4m

Fig. 2 Manual NBS query results displayed in QGIS.

[ VBI Compare
© Zoomin Zoomout  Pan
Area Select
S [29.3774, 947970 |5ECWer |25.3284, 94.7178

Red- Selected Search Area, Black- Previous Search Area

Apply!

Fig. 3 Case study area selection.
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could be automatically collected and managed by the
program. Since track line geometry was extracted,
141 S8 URLs for NBS tiles were collected covering
the entire length of each track line, compared to the
2 NBS tile URLs collected manually. This step was
completed in approximately ninety seconds (com-
pared to 12 minutes for this portion of the manual
workflow). Execution of the workflow in VBl Compare
resulted in the creation of two plain-text index files in
the constructed directory tree as well as a download
of the most up to date NBS GeoPackage file. Finally,
the program took 13 seconds to determine that 122
MCD charts could be affected by the reputation cal-
culations using the data sets collected. It also pro-
vided the user with a list of those chart numbers. In
total, it took VBl Compare 180 seconds to collect,
package, store, and display all this data (Fig. 5). This
test was repeated several times with varying loads
on the internet bandwidth. These tests all fell within a
total runtime range of 120-210 seconds. This range
of results showed some dependence on internet
bandwidth but was still much faster (approximately
700-1,000 %) than the manual workflow, regardiess
of the load.

6 Discussion

Several limitations became apparent while testing
the manual data discovery workflow, shedding light
on its limitations. The first was that the DCDB API
query does not return data or links to data, but rather
a simple list of file names. The need to translate the
results from the query into URLs was a tedious and
time-consuming process. While significant time might
be saved with an experienced Excel user, the process
is still error-prone. Secondly, the complexity of track-
line geometry management made it impractical to do
for manual processing. While the results are still valid
collecting colocated data over only the original area of
interest, the manual process collects far fewer NBS
tiles, lacking additional context. Although the manual
method collects all VBl data that exists for the area of
interest, collecting all VBI data for track lines that in-
tersect the area of interest (as VB/ Compare can do)
enables the user to discover more data points for the
reputation algorithm to compare leading to more accu-
rate reputation scores. The QGIS intersection analysis
required by the manual workflow did not take much
time, but still required basic knowledge of the QGIS
platform or GIS systems. Additionally, manually creating
the two index files (one for VBl and one for authoritative
data) was not particularly taxing, but it is error-prone.
Further, in the case where local downloads of the files
is desired, the manual download process may be too
difficult or time consuming to perform for large search
areas. The 29-minutes it took to complete the manual
method did not include the time to click each link and
save each file in a manually constructed directory tree
that would be required for local processing. While not
fully evaluated, it was clear that the time added for local
downloads and file management would be significant.
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With the manual method, determining the MCD
charts that could be affected by a reputation cal-
culation with the discovered datasets would require
the collection of the track line geometry and an
APl search against that geometry using the MCD
Rescheme Status API. There are six ENC resolution
pands. Band one is excluded because of the small
scales it uses, so each NBS tile would have to be
cross referenced to each of the five remaining bands
to determine the charts of interest. For one thousand
track lines, this would result in five thousand manual
APl queries. Clearly this would be impractical. While
not a strict requirement of the project, VBl Compare
is able to determine the MCD nautical charts that
might be affected by a reputation calculation. This
could be used in the future to inform users about the
reputation of data used to build a given chart.

The uptake of VBl as a data source by hydro-
graphic offices has met resistance due to the time
expense of determining data quality or constructing
a final usable product. It has been shown here that
VBl Compare in conjunction with a data comparison
algorithm could unlock VBI as a viable data source
by significantly reducing the workload of determining
data quality. While VBl Compare has significant po-
tential, additional updates to the DCDB and the NBS
could further these contributions. Still, there are some
potential limitations to VBI Compare.

As shown, the DCDB S3 bucket is not directly
searchable, necessitating the use of its APl and a
translation of fle names from the DCDB API to the
S3 bucket naming convention. This could be alle-
viated by either making the file naming conventions
of both databases the same, or alternatively using a
GeoPackage type file within the S3 bucket similar to
that of the NBS. Further, vessel metadata stored in
DCDB VBI GeoJSON files (which are only accessible
via the ArcGIS REST API) are not available in the CSV
file encoding of the same data stored in the S3 bucket.
If the DCDB were to store a dictionary file, mapping the
vessel metadata attributes to vessel unique identifier, in
the S3 bucket, VBI Compare would be able to collect
this data as part of its data discovery process.

Until the DCDB S3 bucket becomes directly
searchable, it will still be necessary to trans-
late filenames returned by the ArcGIS REST AP
to the naming convention used in the S3 bucket,
making the data discovery mechanism used by VBI
Compare brittle to future changes in either the REST
API or S3 file naming convention. In such cases, VBI
Compare would no longer function until the code
is updated. Aligning the naming conventions be-
tween these databases and updating VBl Compare
would alleviate this issue going forward. The new
Pointstore API may alleviate this concern because it
can be interacted with programmatically and allows
for a direct search with criteria such as geographic
envelope, platform, date, and more.

The naming convention of the data tiles in the
NBS differs from that of ENC, making a comparison

https://doi.org/10.58440/ihr-30-2-a14

between the tessellations necessary to determine
which ENC charts may be affected by a data quality
calculation. This disparity in conventions also makes
searching by a specific ENC chart more difficult. The
GeoPackage file used by NBS could also serve as
a cross reference file for ENC charts. If a mapping
between ENC charts and NBS ftiles existed in the

Search DCDB Arc
API for line file
names in the area

Build output data
paths

Input desired
bounding box

|_.

Turn file names into
DCDB AWS Objects

Build URL to AWS Object/
add to list of desired
objects

Do objects exist
in DCDB AWS?

API for charts based on

Determine a

vessel tracks

Output text file with URL
list
Search NOAA MCD Arc VBI STEPS

NBS STEPS

bounding box for all
charts

Search NBS
GeoPackage for
tiles intersecting
chart bounds,
collect their $3 URL

Add to list of desired
objects

Output text file with URL
list

Fig. 4 lllustration of the VBl Compare process for the area in Fig. 3.
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Fig. 5 Case study VBl Compare results.
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GeoPackage file, then an intersection analysis could
be executed on the GeoPackage by both geometry
and chart number removing the need to use the
MCD ENC Rescheme API.

7 Conclusion

VBl Compare makes significant contributions toward
expanding the use of VBl by HOs for authoritative or
monitoring purposes. This case study showed that
rapid discovery of colocated authoritative and VBI data
sets is possible using a semi-automated programmatic
method. Not only can data sets be discovered in any
geographic area where authoritative and VBI data sets
exist, but they can be collected and managed rapidly.
Additionally, by being open- source, VBl Compare
can be adapted to the needs of the user allowing for
different data sources or search criteria in the future.
Furthermore, its design as a desktop application al-
lows it to be integrated into existing hydrographic tool
suites for ease of dissemination.
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It was shown in this case study that consistent
results given the same input were achieved, en-
suring that VBl Compare could be used in further
testing and development of VBI reputation and data
uncertainty calculation algorithms. Its robust opera-
tion, simple interface, and transportability make VB/
Compare, in conjunction with the VBI reputation and
uncertainty calculation algorithm (Calder, 2021), a
viable alternative to manually discovering, acquiring,
and managing VBl data and calculating VBI reputation
and uncertainty.
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Appendix 1: Query settings

Query: CSB Lines (ID: 1)

[y 7] [y G057)

Where: [ |
Taxt:
Object 1051 [ ]
Times [ ]
Time Relation: c and end ~

“amig: -9d. 79
Input Geometry: =Ty

“EmAZ": 193774,
Geematry Type: [Envelsca ]
Input Spatial Reference: [a326 ]
Spatial R [Iearsecs |
Distance: —
Unia: (= S—
Relation:
Out Fialds: [ramE ]
Return Geometry:s © True ® False
Roaburn Trus Curves: O True @ False
Max Allowable Offset:
Geometry Precision: | I |
Output Spatisl Reference: [ |
Having Clause: [ 1
Raturn D8 Only: O True @ False
Return Count Only: © True ® False
Ordar By Fialds: [
Group By Fields (For [
Qutput Statistics:
RaturnZ: © True @ False
Raturnh © True ® False
Geodatabase Version Hame: |
Historic Moment: | I |
Raturn Distinet Valuas: O True @ False
Resul Offzet: —
Result Record Count: | I |
Return Extents Only: O Trus ® False
SQL Formats
Datum [ ]
Paramater Valuas:
Range Values: | I |
Quantization Parameters: | —
Faature [ExiDafach ~|
Format:

Table 1 Case study CSB ArcQGIS API query settings.

Fig. 6 Case study VBl Compare results.

Setting

User Input

Time Relation

Include start and end

Input Geometry {
“xmin”: -94.7979,
“ymin”: 29.3264,
“xmax”: -94.7178,
“ymax”: 29.3774,
“spatialReference”: {
<4326>
1
}

Geometry Type Envelope

Input Spatial Reference 4326

Spatial Relationship Intersects

Units Feet

Out Fields "NAME"

Return Geometry False

Return True Curves False

Return IDs Only False

Return Count Only False

ReturnZ False

Return Count Only False

Return Distinct Values False

SQL Format None

Feature Encoding EsriDefault

Format JSON
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Fig. 7 Case study VBI Compare parameters.

Table 2 Case study VBl Compare parameters.

TOWARD AUTOMATED VOLUNTEER AND AUTHORITATIVE BATHYMETRY DISCOVERY AND COMPARISON

i’ VBI Comparev. 1.0 - X
a1 |
User Inputs
Select your primary data source Dat Search Method
© Natonal Bathy Sowce (8 DCDS Cromdsourced Bathy O specific Vessels O Speafic Charts (®) Area Search
Get secondary data based on primary? What data collecton method s preferred?
® ves O Mo (@ Comple $3URLs () Download Resources Logaly

Or Type: NW Comer SE Cormner
Select Area 29,3775, -94.7979 29.3264, -94.7178

List Desved Vessels: . coer Siar, Tapesiny
List Desired Charts: 2. | j53MA 1AC, USIMALER

C:/Users/pdebroisse/Desktop/Thesis/User_Qutput_ Location

Output Directory: s

Setting

User Input

Primary Data Source

DCDB Crowdsourced Bathy

Data Search Method

Area Search

Get Secondary Data Based on Primary?

Yes

Data Collection Method

Compile S3 URLs

NW Corner 29.3774,-94.7979
SE Corner 29.3264, -94.7178
Output Directory C:/Users/***

Run Reputation Calculation Yes
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