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DATA ACQUISITION

• Planning

• Execution

• Processing & Quality Control

• Final Review & Submission



DATA ACQUISITION → PLANNING

10





DATA ACQUISITION → EXECUTION

• Hypack, Kongsberg, and 
Reson formats are all used for 
raw MBES collection.

• Applanix POSMV used for 
positioning, altitude, and 
motion data.

• Klein SonarPro, Discover, and 
Discover 2 are used for SSS. 

• CARIS Notebook for shoreline 
data acquisition. 



DATA ACQUISITION → EXECUTION
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Pydro Tools for Acquisition:

• Sound Speed Manager
• Rolls-Royce Moving Vessel Profiler
• Seabird CTD
• XBT



DATA ACQUISITION → PROCESSING AND QUALITY CONTROL
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• CARIS for MBES, SSS, and 
feature processing

• QPS FMGT for MBES 
Backscatter

• Applanix POSPac for post 
processing positioning and 
altitude data



DATA ACQUISITION → PROCESSING AND QUALITY CONTROL
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Pydro Tools for Processing:
• Charlene
• Shoreline Attribution Machine 

(SHAM)
• Tidal Constituent and Residual 

Interpolation (TCARI)



DATA ACQUISITION → PROCESSING AND QUALITY CONTROL
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Pydro Tools for Quality Control:

• POSPac AutoQC

• QC Tools



DATA ACQUISITION → FINAL REVIEW & SUBMISSION

Reports:

• Data Acquisition and Processing Reports (DAPR)
• Project level report-- details all equipment, systems, and processing 

used in the acquisition and processing of the hydrographic data

• Horizontal and Vertical Control Reports (HVCR)
• Project level report – tide and water level and horizontal control 

activities are captured 



DATA ACQUISITION → FINAL REVIEW & SUBMISSION

Reports:

• Descriptive Report (DR)
• Survey level report– helps cartographers process and evaluate the 

survey, assist the compilers in producing and revising charts, 
documents various specifications and attributes of the survey and its 
by-products, provides legal description of survey standards, methods, 
and results. 

XML DR



DATA ACQUISITION → FINAL REVIEW & SUBMISSION

Most important final deliverables:

• Gridded surfaces

• Final feature files

QC TOOLS



Object Detection

Complete Coverage

The grid resolution for 
water depths greater than 
320 m r shall be 5% of the 

water depth, not to exceed 
32 m resolution.



Why we wanted VR:
• Enables representation of bathymetric 

data at the required resolution within a 
single grid (Ranges).

• Can optionally algorithmically determine 
the highest resolution supported by 
data density (Density).

• Enables more streamlined and efficient 
data processing workflows.

• Yields better data products for, and thus 
provides greater value to, NOAA’s 
customers and end users of 
hydrographic data. 
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PROBLEMS CAUSED BY VARIABLE RESOLUTION SURFACES

• High rendering times

• Higher surface computation times

• More cleaning of fliers is sometimes required in low density, deep 
depths



DATA ACQUISITION → FINAL REVIEW & SUBMISSION

Extended 
attribution 
facilitates the 
communication 
between office, 
field units, and 
cartographers. 

QC TOOLS



DATA ACQUISITION → FINAL REVIEW & SUBMISSION

All raw and processed data including but not limited to:

• Sonar/Lidar

• Positioning

• Tide

• Sound speed

• Features

• Reports

QC TOOLS: SUBMISSION SCAN



HYDRO OFFICE PROCESSING
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HYDRO OFFICE PROCESSING
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HYDRO OFFICE PROCESSING: RSA

Atlantic Hydrographic Branch



HYDRO OFFICE PROCESSING: SAR

• Ensures survey’s compliance with:
• HSSD
• Project Instructions/Statement of Work

• All data receives similar QA Review no matter the 
origin of the data

• Office compiles final cartographic recommendations, 
surfaces, and feature files that will be used for MCD 
for chart compilation



HYDRO OFFICE PROCESSING: DATA ARCHIVING

• Survey data transferred to the National Center of 
Environmental Information (NCEI) for archival and 
public dissemination

• Direct download:
• Descriptive Report
• Surfaces
• Backscatter and SSS Mosaics 
• Survey GeoPDF

• All data (raw and processed) can be requested to 
download via NCEI.
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MARINE CHART DIVISION

Marine Chart Division applies the data to charts:

• Hydrographic Survey Division’s Bathymetry

• National Geodetic Survey
• National shoreline

• US Coast Guard (USCG) 
• Aids to Navigation  (ATONs)

• Army Corps of Engineers (USACE)
• Channels, dams, locks, shoreline construction

• Other sources:
• As-builts for marinas, ports, other shoreline
• Topography
• Landmarks, place names, tides and currents



MARINE CHART DIVISION
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MCD 
Charting 
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THANKS!

Contact us at: gmasetti@ccom.unh.edu, tyanne.faulkes@noaa.gov 
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A NOAA Python Distribution 

PYDRO UNIVERSE

A Collection of Open-Source
Hydrographic Tools

A Growing Community of 
People with Interests in 

Ocean Mapping



Pydro GIS

1994 2015Closed Source



1994 2015Closed Source 2016



1994 2015Closed Source 2016

▪ COLLABORATION WITH THE UNIVERSITY

OF NEW HAMPSHIRE

▪ RELEASE OF NOAA BUILT APPS

▪ OPEN UNDERLYING CODE FOR USE

2016 → TRANSITIONING TO OPEN



▪ https://svn.pydro.noaa.gov/

INSTALLATION





PYDRO - DEVELOPMENT

• More info on Thursday:
• Apps, libs, and dependencies
• SVN server
• Distribution & Licensing
• Governance & Maintenance



THANKS!

Contact us at: gmasetti@ccom.unh.edu, tyanne.faulkes@noaa.gov 
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HYDROFFICE

A research framework 
for ocean mapping to 
facilitate research-to-

operation (R2O) 





specs

manuals

tools
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CCOM/JHC Italy

2013
Initial thoughts
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A framework of 
libraries and tools 
for Ocean Mapping

Quickly prototype 
and test 
innovative ideas

Ease the transition 
from research to 
operation

Ref.: G. Masetti, Wilson, M. J., Calder, B. R., Gallagher, B., and Zhang, C., “Research-driven Tools for Ocean Mappers”, Hydro Int., vol. 21, 5. GeoMares, 2017.

2015
White Paper



July 2016
Site Review



March 2017
SSM release
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CCOM/JHC Italy

January 2018
Team Change



HYDROFFICE APPS
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▪ QC Tools

▪ Sound Speed Manager

▪ BAG Explorer

▪ ENCx

▪ Huddl

▪ StormFix

▪ SmartMap

▪ Bress

▪ CA Tools

▪ OpenBST

▪ …



HYDROFFICE APPS
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PYTHON SCIENTIFIC STACK

OCEAN MAPPING LIBS

&   SCRIPTS



Support open formats

Listen the field feedback

Maintenance is a time sink

Support from hydro community
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OCS-UNH CO-DEVELOPMENT



DISTRIBUTION

14

Pydro Universe Stand-alone Apps Python Packages
www.nauticalcharts.noaa.gov www.hydroffice.org GitHub/PyPi/Conda



HYDROFFICE.ORG

15

• Mobile-first, dynamic website

• Based on Django & JavaScript

• Per-tool Home Page
• Info
• Stand-alone downloads
• Manuals
• Embedded tutorials



HYDROFFICE.ORG

16
(*) Google Analytics, Number of Sessions, location filtered: Durham, unset.



HYDROFFICE - DEVELOPMENT

• More info on Thursday:
• Apps, libs, and dependencies
• Packaging
• Distribution & Licensing
• Governance & Maintenance



THANKS!

Contact us at: gmasetti@ccom.unh.edu, tyanne.faulkes@noaa.gov 
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QC TOOLS

Performs automated 
quality control checks 
on surfaces and final 

feature files



WORKFLOW

3

GDAL Open Formats

• BAG

• S-57

• Shapefile

• KML





Survey ReviewChart ReviewInfo

Grids go here!

S57 files go here!

Choose your output files





SURVEY REVIEW



SURVEY REVIEW

8

Detect Fliers

Detect Holidays

Grid QA

Anomaly Detector

VALSOU Check

SBDARE Export

Scan Features

Scan Designated

Submission 
Checks





DETECT FLIERS AND ANOMALY DETECTOR
ALGORITHMS AND HOW TO USE
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LAPLACIAN OPERATOR

If the estimated flier height 
= 2m, greater than 8 will be 

flagged



LAPLACIAN OPERATOR

(9-3) + (9-3) + (9-3) +(9-3) = 24

24 > (2m threshold x 4)



LAPLACIAN OPERATOR

(9-9) + (9-6) + (9-3) +(9-8) = 10

10 > (2m threshold x 4)



LAPLACIAN OPERATOR

(8-9) + (8-9) + (8-9) +(8-9) = 4

4 < (2x4)



LAPLACIAN OPERATOR



GAUSSIAN CURVATURE



GAUSSIAN CURVATURE



ADJACENT CELLS

Flier height = 3m 



ADJACENT CELLS

Flier height = 3m 



ADJACENT CELLS



ADJACENT CELLS



EDGE SLIVERS



ISOLATED NODES



NOISY EDGES



FILTERS



FLIER HEIGHTS
FLIER FINDER VS ANOMALY DETECTOR





DETERMINING FLIER HEIGHT: FLIER FINDER

Base heights are increased 
due to :

•Depth variability (NMAD)

•Roughness (Gaussian 
Curvature)





DETERMINING FLIER HEIGHT: ANOMALY DETECTOR

• Local proxies!

• Base height starts as a percentage of median depth

• Flier height increases with a percentage of depth 
depending on the localized  depth variability and 
roughness.



Depth

Proxies

Identified 
Fliers

Flier 
Heights

Identified 
Fliers



HOLIDAY FINDER
ALGORITHMS AND HOW TO USE



HOLIDAY FINDER



HOLIDAY FINDER

Object 
Detection*:
>3 collinear 

nodes

Full 
Coverage*: 
>3x3 nodes

* From the 2019 HSSD

All Holes



37





GRID QA



GRID QA



Object Detection Complete Coverage

Option A: 100% bathymetric bottom 
coverage with multibeam sonars with object 
detection multibeam developments of 
contacts and features*

Option A: 100% bathymetric bottom 
coverage with multibeam sonars with 
complete coverage multibeam developments 
of contacts and features*

Option B: 200% side scan sonar coverage 
with concurrent multibeam bathymetry 
collection with object detection 
development of contacts and features. 
Bathymetric splits, where appropriate, are 
required. 

Option B: 100% side scan sonar coverage 
with concurrent multibeam bathymetry 
collection with complete coverage 
requirements of contacts and features. 
Bathymetric splits, where appropriate, are 
required. Note that all 100% side scan sonar 
is insufficient to disprove a feature. 



OBJECT DETECTION VS. COMPLETE COVERAGE



Specification: 
At least 95% of all 
nodes on the 
surface shall be 
populated, with 
at least 5 
soundings.



Specification: 
At least 95% of 
geographically 
distributed grid nodes 
shall meet TVU 
specification.

where depths less than 100m: A = 
0.5, B= 0.013 (IHO Order 1) 
depths greater than 100m: 
A = 1.0, B = 0.023 (IHO Order 2)



Specification:
For variable 
resolution surfaces, 
95% of all surface 
nodes shall have a 
resolution equal to 
or smaller than the 
coarsest allowable 
resolution for the 
node depth.









SCAN DESIGNATED
ALGORITHMS AND HOW TO USE



SCAN DESIGNATED

From the 2019 HSSD:

• All submerged features must have designated soundings.

• Distance between two designated soundings must be greater 
than 2mm at survey scale.

• Top of natural topography must be greater than 1m proud off 
the seafloor, and

• The difference between gridded surface and potential 
designated sounding is greater than the allowable TVU at that 
depth. 



SCAN DESIGNATED



SCAN DESIGNATED



FEATURE SCAN
ALGORITHMS AND HOW TO USE



WHAT ARE FEATURES? 

A feature can be any anthropogenic or natural object that may merit 
individual cartographic representation (e.g., rocks, wrecks, obstructions, 
bottom types).

The minimum size of a feature that is required to be found and represented 
in the submitted surface is different for water depths in object detection 
(i.e., features ≥ 1 m x 1 m x 1 m) and complete coverage (i.e., features ≥ 2 m 
x 2 m x 1 m) requirements, see Sections 5.2.2.2 and 5.2.2.3, respectively.



S-57 FILES: A COMMUNICATION DEVICE



ASSIGNMENT OF FEATURES

• Field is provided a Composite Source File (CSF) .
• CSF is compiled from ENCs, preliminary ENCs, and geographic cells (from 

the Remote Sensing Division)—provides the field with the largest scale 
and most up-to-date shoreline data. 

• CSFs contained assigned features which are indicated in NOAA extended 
attribute “asgnmt”. Project managers will fill out “invreq” to provide more 
information on how to address an assigned feature. 

• All features off shore of the Navigational Limit Line (NALL) whill be 
assigned. 

• The Project Manager may deem items inshore of the NALL navigationally 
significant and will individually assign those items as well. 



ATTRIBUTION OF FEATURES



FEATURE SCAN



FEATURE SCAN

Demo



VALSOU CHECK
ALGORITHMS AND HOW TO USE



VALSOU CHECK



VALSOU CHECK

Add part about specification here



SBDARE EXPORT
ALGORITHMS AND HOW TO USE



SBDARE EXPORT

• Created to satisfy requirements outlined in Appendix G: 
Bottom Samples and Coastal and Marine Ecological 
Classification Standard (CMECS) Translation for Submittal to 
National Center for Environmental Informatio (NCEI) in HTD 
2018-4: Bottom Sample Drop Camera Imagery

• Script exports ASCII file, shapefile, and 4 bottom type 
images populated with EXIF metadata (if available). 





COASTAL AND MARINE ECOLOGICAL CLASSIFICATION

STANDARD (CMECS)



SBDARE EXPORT



SBDARE EXPORT

• Filters the final feature file selection down to SBDARE features, 
and then only points.

• Creates an ASCII file that is semi-colon separated that collects 
the attribution for Latitude, Longitude, Observed time, Colour, 
NATQUA, Remarks, Source date, Source Indication, and images 
from the final feature file and two CMECS Co-Occurring 
Element Names and Codes which are defined in the HTD. 

• Shapefile is created with all the same attribution but has four 
individual fields for images. 





SUBMISSIONS CHECKS
ALGORITHMS AND HOW TO USE



SUBMISSIONS CHECKS





CHART REVIEW



CHART REVIEW



CHART REVIEW

BAG Truncate

Grid XYZ

S57 Truncate

Feature Scan

Triangle Rule



BAG/S-57 TRUNCATE



GRID XYZ



FEATURE SCAN & TRIANGLE RULE



STANDALONE TOOLS
RORI, UNCERTAINTY CALCULATOR, NOAA CARIS FILES



STANDALONE TOOLS



STANDALONE TOOLS: UNCERTAINTY CALCULATOR

Demo



STANDALONE TOOLS: RORI

?

Demo





Which tool to improve first?



THANKS!

Contact us at: gmasetti@ccom.unh.edu, tyanne.faulkes@noaa.gov 
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CA TOOLS

Performs chart 
adequacy tasks by 
comparing survey 

data and current ENCs 



CHART COMPARISON
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TIN CREATION

• From several features in the input ENC:
• SOUNDG points.
• DEPCNT lines with valid VALDCO attribute.
• DRGARE polygons with valid DRVAL1 attribute.
• Point features with valid VALSOU attribute.
• COALNE and SLCONS lines.
• DEPARE polygons (only for ENC cell boundaries).

• Augmented by interpolating the linear features (at 1 cm @ 
compilation scale).
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z



7

z
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TILTED TRIANGLE
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FLAT TRIANGLES → POINT-IN-POLYGON TEST
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INPUT DATA



SETTINGS & EXECUTION
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SOUNDINGS SELECTION



INPUT DATA



SETTINGS & EXECUTION









COMING DEVELOPMENT



MORE INFO? READ THE MANUAL!



THANKS!

Contact us at: gmasetti@ccom.unh.edu, tyanne.faulkes@noaa.gov 
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BAG

The Bathymetric 
Attributed Grid format



ORIGIN

• S.M. Smith, “The Navigation Surface: A Multipurpose Bathymetric 
Database”, MS thesis, University of New Hampshire, 2003.

http://www.opennavsurf.org/papers/smith_thesis_navigation_surface.pdf


HISTORY

• 2004 – First workshop.
• Initial specifications for the BAG format.

http://www.opennavsurf.org/papers/ons_require.pdf


HISTORY

• 2005 – US Hydro Conference: 

http://www.opennavsurf.org/presentations/ons_ushydro05.ppt


HISTORY

• 2006-04-07 – v.1.0.1: First release.

• 2009 – v.1.1: Expanded XML metadata and optional datasets.

• 2009 – v.1.2: Nominal Depth as depth correction type 
(NAVOCEANO).

• 2011 – v.1.4: Added compression.

• 2012 – v.1.5: New XML Schema to follow current ISO standards.

• 2013 – v.1.5.1: Added node and elevation solution groups (SAIC).

• 2016-07-05 – v.1.6: Added support for variable resolution grids.



PRESENT



PRESENT

• Current Release: 1.6.4 (May 5, 2018)



FORMAT SPECIFICATION DOCUMENT



BAG
Uncertainty

Elevation

Tracking List

SINGLE-RESOLUTION BAG



VR BAG
(SR) Uncertainty

(SR) Elevation

(SR) Tracking List

(VR) Tracking List

(VR) Refinements

VARIABLE-RESOLUTION BAG



ELEVATION LAYER

• Each value defines elevation at an exactly specified geographic 
point.

• The metadata provides the description of the depth correction 
type:
• True depth, corrected for sound speed.
• Nominal depth at assumed sound speed of 1,500 m/s.
• Nominal depth at assumed sound speed of 4,800 ft/s.
• Corrected depth using Carter’s tables.
• Corrected depth using Matthew’s tables.
• Unknown depth correction type of mixture of above types.



UNCERTAINTY LAYER

• Co-aligned with the elevation layer.

• The metadata provides the description of the uncertainty type:
• Unknown
• Raw standard deviation of soundings that contributed to the node.
• Standard deviation of soundings captured by a CUBE hypothesis.
• NOAA standard product uncertainty V1.0 (a blend of CUBE uncertainty and other 

measures).
• Estimated standard deviation based on historical/archive data.
• Average of all of the contributing sounding TPEs within a node.



METADATA

• ISO 19115 (geospatial metadata) and ISO 19139 (XML encoding).

• Embedded in the BAG file to ensure that cannot be separated.

• Validated using Libxml2.



METADATA

Open issues:

• Many of the fields are free-text, and therefore open  to  
interpretation.

• The current definition of S-102 has some changes to the 
metadata schema that require changes to the BAG file format 
to be compliant. However,  by the defining document, S-102 
should be compatible with BAG (rather than the other way 
round).



TRACKING LIST

• Recording the  original  contents  makes  the  base  grid  fail-safe.

• 6 column:
• Row and column location of the node (2 uint32_ts).
• Original depth and uncertainty (2 floats).
• A reason code indicating why the modification was made (uint8_t).
• An index number indicating the item in the metadata lineage (uint16_t).



HDF5 COMPRESSION

• Two variables control the compression:
• The compression level (0-9).
• The chunk size, the atomic object on which the compression is executed.

• Variability between nearby nodes is typically low for hydrographic 
data sets.

• Default values after testing:
• Chunk size: 100x100.
• Compression level: 1

http://www.opennavsurf.org/papers/BagCompressionP.pdf


DIGITAL SIGNATURE (OPTIONAL)

• A section of fixed length at the end of a BAG file.

• Implemented using BeeCrypt library for FIPS DSS 186-2.



ARCHITECTURE BOARD

• The board is composed of members of the ONSWG.

• It coordinates bug-reports, change requests, and new features.



LICENSE

The Open Navigation Surface is free software. 

There are no restrictions on use or adaptation of the source code, 
although we would prefer if you contributed modifications, 
extensions and bug-fixes back to the project rather than releasing a 
(potentially incompatible) version of your own. 

The software comes with no warranty, express or implied, as to 
fitness for any purpose. That is, the code is provided for your 
convenience, and you agree by downloading the code distribution 
that the Open Navigation Surface Working Group and its members are 
not responsible for any loss or damage, of whatever kind, that may be 
caused to you by the use of this software, or by you because of your 
use of this software.



TOOLS

• BAG Viewer, basic Qt OpenGL viewer.

• BAG Explorer, a plugin of HDF Compass.

• Any HDF5-aware tool (e.g., HDF Compass, HDF View).



FUTURE

• Fix issue with Product Uncertainty Description:
• CARIS standard uncertainty.  Larger of CUBE’s uncertainty output and the 

standard deviation of all soundings in a bin around the node, reported at 
95% CI assuming Gaussian statistics.

• Leidos standard uncertainty.  Larger of CUBE’s uncertainty output and the 
average vertical uncertainty of all of the soundings that make up the 
primary hypothesis in CUBE, reported at 95% CI assuming Gaussian statistics.

• Generalized  standard  uncertainty.    Uncertainty  derived  from  
geostatistical  estimation  or  other methods, described with a statement in 
the metadata.



FUTURE

• Fix issue with geo-referencing:
• WKT geo-referencing convention:

• EPSG 9606 (adopted solution).

• EPSG 9607.

• Conflicting metadata information:
• South-west and northeast bounding corners. 

• Sample spacing.

• Number of rows/columns.





IHO S-102
BATHYMETRIC SURFACE PRODUCT SPECIFICATION





GDAL → CURRENT LIMITATIONS

27



GDAL → WRITE SUPPORT

28

Spring
2019



GDAL → VR SUPPORT

29



GDAL → VR SUPPORT

30



BAG EXPLORER

A tool to explore the 
content of files in the 

Bathymetric 
Attributed Grid (BAG) 

format
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BAG EXPLORER DEMO

33

www.hydroffice.org/bag



THANKS!

Contact us at: gmasetti@ccom.unh.edu, tyanne.faulkes@noaa.gov 
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SOUND SPEED MANAGER

A ready-to-go and free
solution to ease the 

management of sound 
speed profiles for 

ocean mapping

Ref.: Masetti, G. et al., Sound Speed Manager: An open-source application to manage sound speed profiles, International Hydrographic Review, vol. 17, pp. 31-40, 2017.



COLLABORATIVE EFFORT
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COLLABORATIVE EFFORT

4



OPEN SOURCE
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LIBERAL LICENSE

6
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✓Support

✓Open

✓Free



FORMAT CONVERTER
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NETWORK IO

9
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MVP SIS
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PROFILE ENHANCEMENT
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DATA DISSEMINATION

24



25
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RECENT IMPROVEMENTS



SSM → SIMULATORS AND TESTING



SSM → KMALL AND K-CONTROLLER



DATA MONITOR

30



DATA MONITOR

An extension of Sound 
Speed Manager to:

Monitor survey data
Predict cast time

31



DATA MONITOR

32

• Merge ideas from:
• Manda’s svplot
• Wilson’s CastTime

• Leverage:
• SSM database
• SSM-SIS interaction



CASTTIME
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0 32

salinity

Sound speed

D
e

p
th

Δd

In a nutshell:
• If Δd is bigger than you wish, 

sample more often.
• If Δd is smaller than you care about, 

sample less often.
• If Δd is just about right, keep the 

same interval.



CASTTIME
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So how do we get Δd?



SURVEY DATA MONITOR & CAST TIMING
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Estimate sounding depth bias using simulated flat seafloors
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SURVEY DATA MONITOR & CAST TIMING

36

Sound Speed (m/s)

D
e

p
th

 (
m

)

1490 1535

0

4

16

8

12

0 10 20 30 40

Horizontal Range (m)
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• In the example, outer beam depth bias (of 0.46 m) exceeds NOAA specs
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Time Elapsed
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(2/3) * tolerance

(1/3) * tolerance

t1 t3 = 1.15 *  t2t2 = 1.15 * t1

A l g o r i t h m  L o g i c  E x a m p l e :  R E L A X

t1 = initial sampling 
interval
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Time Elapsed

D
e

p
th
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s 
(m

)

tolerance

(2/3) * tolerance

(1/3) * tolerance

t1 t3 = t2 t4 = t3t2 = t1

A l g o r i t h m  L o g i c  E x a m p l e :  S T E A D Y

t1 = initial sampling 
interval
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Time Elapsed

D
e
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th
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s 
(m

)

tolerance

(2/3) * tolerance

(1/3) * tolerance

t1 t2 t3

A l g o r i t h m  L o g i c  E x a m p l e :  P A N I C ! !

PHEW!!
(1/2) * tolerance

t3 = (1/2) * (hindsight interval)2t2 = (1/2) * (hindsight interval)1

t1 = initial sampling 
interval



OTHER FEATURES AVAILABLE IN

• Scriptable Library

• Synthetic Profile Server tool

• SeaCAT plugin (serial communication port)

• DQA functions

• Surface sound speed sensor

• Data decimation and other settings

• Data other than salinity, temp, and sound speed

• Interaction with acquisition/processing software

• … BUT we have online and offline documentation!

42



MANUALS

43

https://www.hydroffice.org/manuals/soundspeed/index.html



ADOPTION

• NOAA OCS Vessels (through Pydro distribution)

• UNOLS Vessels (frozen, stand-alone app)

• An increasing number of hydrographic agencies and professional 
surveyors based on:
• Contacts by email
• Workshops & conferences feedback
• Data from Google Analytics

44



45
(*) GOOGLE ANALYTICS, NUMBER OF SESSIONS, JANUARY 2018, LOCATION FILTERED: DURHAM, SILVER SPRING, SEATTLE, UNSET.



SOUND SPEED MANAGER DEMO

46

www.hydroffice.org/soundspeed



THANKS!

Contact us at: gmasetti@ccom.unh.edu, tyanne.faulkes@noaa.gov 
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SMARTMAP

A tool to evaluate 
the effects of 

oceanographic 
variability on 

mapping surveys

Ref.: Masetti,, G., Kelley, J., Johnson, P., and Beaudoin, J., A Ray-Tracing Uncertainty Estimation Tool for Ocean Mapping, IEEE Access. IEEE, pp. 1-9, 2017.



3



4



SMARTMAP ALGORITHM

5

• Constant Gradient:

• Snell Law:



6



SMARTMAP COMPONENTS

• Backend
• C++
• Python

• Frontend
• GeoServer
• OGC services

• WebGIS
• hydroffice.org/smartmap/

7



SMARTMAP WEBGIS

8

• RTOFS + 
WOA13 + 
GoMOFS

• Nowcasts + 
Forecasts



PAST ANALYSES

9



GULF OF MAINE OFS → BETA

10





12



THANKS!

Contact us at: gmasetti@ccom.unh.edu, tyanne.faulkes@noaa.gov 
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GENERAL WORKFLOW

2

• Filtering and
• Pre-Processing

• Analysis and
• Output

• Data 
• Acquisition

RAW PRE PROC



3

GEOCODER

3

PROCRAW PRE

Ref.: Fonseca, L., and Mayer, L.A., Remote estimation of surficial seafloor properties through the application of
Angular Range Analysis to multibeam sonar data, Mar. Geophysical Res., 28 (2), p. 119-126, 2007.



4

GEOCODER

4

ARA

MOS

RAW PRE

Ref.: Fonseca, L., and Mayer, L.A., Remote estimation of surficial seafloor properties through the application of
Angular Range Analysis to multibeam sonar data, Mar. Geophysical Res., 28 (2), p. 119-126, 2007.



PATCH-BASED VS. THEME-BASED ARA

5
Ref.: Fonseca, L. et al., Angular range analysis of acoustic themes from Stanton Banks Ireland, Applied Acoustics, vol. 70. pp. 1298-1304, 2009.



6

GEOCODER

6

ARA

MOS

RAW PRE

Ref.: Fonseca, L., and Mayer, L.A., Remote estimation of surficial seafloor properties through the application of
Angular Range Analysis to multibeam sonar data, Mar. Geophysical Res., 28 (2), p. 119-126, 2007.



BRESS

Preliminary segmentation 
from co-located DEMs and 

backscatter mosaics

Based on principles of:
Topographic openness

Pattern recognition
Texture classification





















Ref.: Jasiewicz, J., Stepinski, T.F., Geomorphons - a pattern recognition approach to classification and mapping of landforms, Geomorphology, 182, 147-156, 2013.
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STEPS FROM #1 TO #3

30

Landform ClassificationLocal Ternary Patterns



STEPS FROM #4 TO #5

31

Output SegmentsArea Kernels



32



33



34

POC: Derek Sowers (OER)

Ref.: Sowers, D. et al., Application of the Coastal and Marine Ecological Classification Standard to Gosnold Seamount, GeoHab Atlas, in print.









38
Ref.: Masetti, G. et al., Bathymetric and Reflectivity-derived Data Fusion for Preliminary Seafloor Segmentation and Strategic Bottom Sampling, GeoHAB, 2018.



39

Different Criteria:

• Given a fixed number of 
samples, locations with 
largest coverage?

• How many samples to 
obtain a given percentage 
of coverage?

• What are the more 
“meaningful” locations 
for bottom sampling?

???



40



41



THANKS!

Contact us at: gmasetti@ccom.unh.edu, tyanne.faulkes@noaa.gov 
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BSIP

A project that aims of 
checking the 

consistency of the 
backscatter processing 

results provided by 
various software suites



BSIP → RATIONALE

3

Significant differences in backscatter  products

generated by different software 

using the same dataset 

Major limitation for: 

▪ Quantitative analysis

▪ Combining multiple sources

▪ Time-monitoring of seafloor changes 



BSIP → WEBSITE

https://bswg.github.io/bsip/

https://bswg.github.io/bsip/


BSIP → PARTICIPANTS



Ref.: Lucieer, V. et al., User expectations for multibeam echo sounders backscatter strength data-looking back into the future, Marine Geophysical Research, vol. 39(1), pp. 23-40, 2018.



COMMON DATA SETS





BSIP → OPENBST



OPENBST

An open-source 
toolchain for 

processing acoustic 
backscatter data



Raw Data File
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A SHIFT IS REQUIRED FROM THE EXISTING CLOSED-SOURCE APPROACH

AN OPEN-SOURCE AND METADATA-RICH

MODULAR IMPLEMENTATION

NOT COMPETING WITH COMMERCIAL SOLUTIONS, BUT

A SET OF COMMUNITY-VETTED, REFERENCE ALGORITHMS



EXTENDS

SONAR-NETCDF4

FOLLOWS CF METADATA CONVENTIONS



RAW

MOS

Raw Data
Decoding

Geo
Referencing

Radiometric
Corrections

GEO
BS

ARA

Angle Dep.
Removal

Mosaicking

• OpenBST v. 0.1.0
• RawDecoding
• perbeam_bs_from_snippets_using_median

PROCESSING METADATA





OPENBST → SEQUIM BAY EXPERIMENT



OPENBST → SEQUIM BAY EXPERIMENT



OPENBST → ARCH ENGINE



GITHUB

+

PYDRO 2020



THANKS!

Contact us at: gmasetti@ccom.unh.edu, tyanne.faulkes@noaa.gov 



STORMFIX

G. MASETTI & T. FAULKES

CANBERRA, JUNE 18-20 2019

V0



STORMFIX

A collection of methods 
for artifact identification

and reduction
in acoustic backscatter

mosaicking

2
Ref.: Masetti, G., Calder, B. R., and Hughes Clarke, J. E., Methods for Artifact Identification and Reduction in Acoustic Backscatter Mosaicking, U.S. Hydro, Galveston, TX, 2017.



3

Saipan

Project Area



4

~30K nmi2
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STORMFIX

8

ARTIFACTS

DETECTION

ARTIFACTS

REDUCTION

BACKSCATTER

MOSAICKING

ANGULAR

RESPONSE

ANALYSIS

Ref.: G. Masetti et al., “How to Improve the Quality and the Reproducibility for Acoustic Seafloor Characterization”, GeoHab 2017. p. Nova Scotia, Canada, 2017.



STORMFIX: HOW IT WORKS?
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JUST REMOVAL VS RANDOMIZATION SCHEMA
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ARTIFACTS

DETECTION

ARTIFACTS
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ARTIFACTS

DETECTION

ARTIFACTS

REDUCTION

BACKSCATTER

MOSAICKING

ANGULAR
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THANKS!

Contact us at: gmasetti@ccom.unh.edu, tyanne.faulkes@noaa.gov 
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EPOM

A project that aims to 
provide

e-Learning resources 
for Python coding

specific to the Ocean
Mapping field 



EPOM → CCOM/JHC RATIONALE

3

Incoming students in Ocean Mapping (OM) courses 

come from very different backgrounds

Some have limited programming experience

Need to ensure 

a minimum common level of programming skills



EPOM → GOALS

• To familiarize with key programming concepts

• To teach programming habits and skills

• To introduce the effective use of the extensive help and online 
resources available for Python

• To provide just enough basic Python knowledge to start to code

4

NOT A FULL COURSE ON HOW TO PROGRAM IN PYTHON!



WHY PYTHON?

5

▪ SIMPLE TO LEARN

▪ INCREASINGLY POPULAR

▪ FREELY AVAILABLE







TWO MAIN LINES OF ACTION

8

Programming Basics
with Python

26-Aug-2019
Fall Term begins

Introduction to
Ocean Data Science

Development & 
Beta Testing

1-Jul-2019
Official Release



PROGRAMMING BASICS WITH PYTHON

9

▪ Basic programming concepts with a focus on OM applications

▪ Structured in 2 phases:
❑ Asynchronous, online learning through a remotely-hosted collection of 

Jupyter notebooks (using JupyterHub).
❑ In-person meeting during the orientation week:
o To answer students questions

o To evaluate their understanding of the concepts

o To stimulate collaboration among students

26-Aug-2019
Fall Term begins

1-Jul-2019
Official Release

Online Learning

Review Meeting



INTRODUCTION TO OCEAN DATA SCIENCE

10

• A connector to the OM courses

• 2 modules in ESCI/OE 872 – Applied Tools for OM
❑ Module #1 → First 2 weeks: 

o Data analysis/visualization (e.g., numpy, matplotlib)

o Algorithms and data formats (e.g., scipy, GDAL, PyProj)
❑ Module #2 → Last 2 weeks: 

o How to develop research code (e.g., git, Pydro)

26-Aug-2019
Fall Term begins

2 weeks 2 weeks



DEVELOPMENT & BETA TESTING

11

▪ Current solution for Programming Basics in Python based on JupyterHub:
❑ A Python environment that runs on a multi-user server
❑ All the students have an identical computing environment
❑ No need to install Python and third-party libraries on local machine
❑ Students only need a modern browser and an Internet connection!

1-Jul-2019
Official Release







DEVELOPMENT & BETA TESTING

14

▪ SERVER CURRENTLY HOSTED AT: HTTPS://EPOM.HYDROFFICE.ORG



DEVELOPMENT & BETA TESTING

15

▪ AN INITIAL COLLECTION OF NOTEBOOKS:



DEVELOPMENT & BETA TESTING

16

▪ AN INITIAL COLLECTION OF NOTEBOOKS:
▫ KEY CONCEPTS

▫ SUPPLEMENTARY INFO

▫ EXERCISES WITH SOLUTIONS

▫ A VIRTUAL ROOM ON PIAZZA.COM WHERE STUDENTS:
▫ ASK (AND ANSWER) QUESTIONS

▫ INTERACT WITH INSTRUCTORS

▫ START TO BUILD A COMMUNITY



CURRENT FEEDBACK

17

“I think these are a great place to start.”

“Very nicely done!”

“Nope this is pretty neat!”

“I really like how I can do this from home 

without having to install any software.

“All the text is very readable and easy to 

comprehend.”



EPOM → PUBLICLY AVAILABLE

18



EPOM → AVAILABLE IN PYDRO 2019

19



THANKS!

Contact us at: gmasetti@ccom.unh.edu, tyanne.faulkes@noaa.gov 
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IN BRIEF

• APPS, LIBS, AND DEPENDENCIES

• PACKAGING

• DISTRIBUTION & LICENSING

• GOVERNANCE & MAINTENANCE



APPS, LIBS, AND DEPENDENCIES



HYDROFFICE→ KEY CONCEPTS

• All the Python code is in Python 3.6+
• No code in Python 2: https://pythonclock.org/

• No need to use: from future import division, print function, …

• All the Python packages are under a common namespace: hyo2
• For instance, QC Tools is under hyo2.qc

https://pythonclock.org/


hyo2.enc

hyo2.qc

INSTALLATION REQUIREMENTS

hyo2.abc hyo2.grids

HydrOffice

Third Party

depends on
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HYDROFFICE → DEVELOPMENT ENVIRONMENT

• Package ecosystem: https://anaconda.org/
• Cross-platform: Windows, Linux, Mac
• Language-agnostic

• Python

• C++

• ..

• Package manager: conda
• Channel: conda-forge

https://anaconda.org/
https://conda-forge.org/


HYDROFFICE → DEVELOPMENT ENVIRONMENT

• Download and Install miniconda 4.5.4
• Why 4.5.4? Last installer based on Python 3.6
• Why Python 3.6? Selected Python version for current field season

• Add conda-forge channel:
• Run: conda config --add channels conda-forge 

• Install all the required packages:
• Run: conda install matplotlib scipy gdal …

• Run: pip install PySide2 …

• Clone and Install HydrOffice packages:
• Run: pip install –e .

• Test the app:
• Run: python –m hyo2.qc.qctools

https://repo.anaconda.com/miniconda/


HYDROFFICE → DEVELOPMENT ENVIRONMENT

• Suggested Code Editor (IDE):
• PyCharm

• Community Edition is fine

• Cross-platform

• Suggested GIT Client:
• Sourcetree

• Free

• Support Windows and Mac

• To compile C++/C code:
• CMake
• Visual Studio 2015 (Windows)

https://www.jetbrains.com/pycharm/download/
https://www.sourcetreeapp.com/download-archives
https://cmake.org/
https://visualstudio.microsoft.com/vs/older-downloads/


HYDROFFICE → CODING STYLE

• The HydrOffice’s Python code follows:
• PEP 8 – Style Guide for Python Code

• PyCharm (and modern IDEs) simplifies PEP8 fulfillment

https://www.python.org/dev/peps/pep-0008/


PACKAGING



PACKAGING → KEY CONCEPTS

• Based on:
• Python Packaging User Guide by the Python Packaging Authority (PyPA)

• Python-pure Packages vs. Extension Packages
• We need extension packages to:

• Speed-up the code execution

• Call code written in other languages

11

https://packaging.python.org/


PACKAGING → BINDINGS

• Based on:
• ctypes for hyo2.bag

• “a foreign function library for Python” → part of the standard library

• Allow to call functions in shared libraries from pure Python.

• Cython for QC Tools, CA Tools, SSM, etc.
• “an optimising static compiler for the Python programming language”

• A superset of the Python language that supports:
• Calling C functions

• Declaring C types on variables and class attributes

• SWIG for hyo2.grids, hyo2.enc, etc.
• A tool to call C/C++ code from a variety of high-level programming languages

• Parse C/C++ interfaces and generate the “glue code”

• Numba for OpenBST(?)
• “JIT compiler that translates a subset of Python and NumPy code into fast machine code”

• Translate Python functions to optimized machine code at runtime using LLVM compiler
12

https://docs.python.org/3.6/library/ctypes.html
https://cython.org/
http://www.swig.org/
https://numba.pydata.org/


PACKAGING → VERSIONING

• Based on:
• PEP 440 – Version Identification and Dependency Specification

• “The release segment consists of one or more non-negative integer values, separated by dots”

• Examples of final release: 
• 3.1.8→ “3”: major, “1”: minor, “8”: micro or fix

• 2019.0.3→ “2019”: major, “0”: minor, “3”: micro or fix

• Examples of pre-release:
• 2.1.0b1→ “2”: major, “1”: minor, “0”: micro or fix, “b1”: beta release #1

• 4.0.0rc2→ “4”: major, “0”: minor, “0”: micro or fix, “rc1”: release candidate #2

13

https://www.python.org/dev/peps/pep-0440/


PACKAGING → DOCUMENTATION

• Based on:
• Sphinx

• Originally created for the Python documentation

• Multiple output formats: HTML, LaTeX, PDF, etc.

• Hierarchical structure, cross-references, indexing, code handing, etc.

• Generate documentation is publicly available on:
• The HydrOffice website
• Within the apps

14

http://www.sphinx-doc.org/en/master/


PACKAGING → DOCUMENTATION → HTML

15



PACKAGING → DOCUMENTATION → PDF

16



PACKAGING → CONTINUOUS INTEGRATION (CI)

• Based on:
• AppVeyor

• Windows

• Travis-CI
• Linux 

• Mac

17

https://www.appveyor.com/
https://travis-ci.org/


PACKAGING → REPOSITORY STRUCTURE

Test Data

Documentation

Example Scripts

Freezing Stuff

Logo, icons, etc.

Tests

Installation setup

License file



PACKAGING → REPOSITORY STRUCTURE

HydrOffice namespace

QC Tools package



PACKAGING → REPOSITORY STRUCTURE

QC Tools GUI

Survey module

Chart module

Shared code among modules



DISTRIBUTION & LICENSING



DISTRIBUTION

22

• User-installed packages
• “pip install –e .”

• Users that want to improve/contribute to the code base

• As part of the Pydro Distribution
• Automatic updates (e.g., through Pydro Explorer/NOAA Pydro Server)

• Stand-alone apps



DISTRIBUTION → STAND ALONE

23

• Python freezer: pyInstaller
• Cross-platform

• Large community

• App-required code and libraries collected into a single folder

• No “installation”, just unzip and run it!

http://www.pyinstaller.org/


DISTRIBUTION → STAND ALONE

24



LICENSING

• Dual License
• Community license → GNU LGPL

• Industrial Associate license

• Public domain for NOAA contributions:
• “Portions of this project were developed under a cooperative agreement with NOAA Coast Survey 

Development Laboratory, and contain NOAA-developed code in the public domain.”

http://ccom.unh.edu/partners


LICENSING



GOVERNANCE & MAINTENANCE



GOVERNANCE & MAINTENANCE

• Similar to other open-source projects (e.g., GDAL, matplotlib)

• Based on well-known GitHub mechanisms:
• Pull Requests (PR)
• Issues/Labels
• Milestones/Projects



HYDROFFICE → GITHUB ORGANIZATION

• https://github.com/hydroffice

https://github.com/hydroffice


GOVERNANCE & MAINTENANCE

• Different roles based on code contributions:
• Issues fixed
• Features added
• Workload & time availability

• 3 main roles:
• Core Developers
• Code Contributors
• Testers



THANKS!

Contact us at: gmasetti@ccom.unh.edu, tyanne.faulkes@noaa.gov 


