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ROV
Deep Discoverer

“Ship-to-Shore”
Telepresence Capabilities

ROV Deep Discoverer
Maximum Depth: 6,000m

Onboard CTD sensor

Records continuous ROV
position/attitude information

6 High definition video cameras

NOAA Ship
Okeanos
EXplorer
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Study Area

Y ROV Dive Sites
Okeanos Explorer Multibeam

: -395.49m
-3380.46 m
General Bathymetric Chart of the Oceans

(GEBCO); National Centers for Environmental
Information (NCEI); Natural Earth




How do we organize video
with reusabillity in mind?

Data are voluminous and
do not compress well

No guidance for mapping
benthic habitats from
video observations

No efficient way to
spatially search or analyze
video observations

Annotations are not
consistently applied by
scientific community
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(CMECS)

Coastal & Marine Ecological Classification Standard
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Aquatic Setting

Biotope: Combination of abiotic feat

and associated species

__* Graphic courtesy of the CMECS Document
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FGDC Metadata
Standard

Developed in
2012

Applicable to
estuary, coastal,
and offshore
environments

Applicable to
deep sea video
data???




Research Objectives

1. Determine the extent to which CMECS can be applied to
deep sea benthic habitats in the Northern Gulf of
Mexico.

2. Assess the feasibility of implementing CMECS to ROV
video and ancillary data in near-real-time applications.

3. Develop geospatial processing technigues necessary to
analyze and generate maps of the observed video
content for enhanced geospatial analysis within a GIS.



Biogeographic Setting: Warm Temperate
Northwest Atlantic — Northern Gulf of
Mexico

Aquatic Setting: Marine Oceanic in the
Subtidal Zone

Water Column Component: Very
Cold, Euhaline Water on the
Benthic Boundary Layer in the
Marine Oceanic Bathypelagic
Layer (Oxic)

Geoform Component: Ridge in a
Submarine Canyon (Bryant
Canyon)

Substrate Component: Coarse
Unconsolidated Mineral Substrate
with Co-occurring Shell Substrate

Biotic Component: Attached
Anemones with the following
Associated Taxa: Sessile
Gastropods
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Geospatial Objectives

a. Environmental Maps of Water Column Information
- Temperature
- Salinity
- Dissolved Oxygen Concentration
- Total Depth (Local Bathymetry)

b. CMECS Compliant Habitat Maps

- Geoform (Seafloor Shape)

- Substrate (Seafloor Composition)

- Biotic (Benthic Biology)

- 2 Mapping Approaches (Buffered & Viewshed)



Mapping the Surrounding Environment

€ calculated from CTD

Dissolved Oxygen Salinity Temperature

e 10m Buffer around
Dive Track

e 0.5mcellsize

e Interpolated using

Interpolated Inverse Distance

Interpolated Temperast:::oc 0.1 kilometer Weighted (IDW)
Dissolved Oxygen Interpolated Salinity L 5249°C  WGS 1984, UTM Zone 15N
5.36712 mg/L 349234 PSU Temperature (CMECS Units) [

K 5.16872mglL . R I Very Cold Water (0 to <5)
Dissolved Oxygen (CMECS Units) Salinity (CMECS Units in PSU) I cold Water (5 to <10)

I Anoxic (0 to <0.1) Il Oiigohaline Water (<5) Cool Water (10 to <15) (

[ Severely Hypoxic (0.1 o <2) [ Mesohaline Water (5 to <18) [ ] Moderate Water (15 to <20) | "0

[ ] Hypoxic (2 to <4) [ | Lower Polyhaline Water (18 to <25) [ ] Warm Water (20 to <25)

[ ] oxic (4to <8) [ Upper Polyhaline Water (25 to <30) [ Very Warm Water (25 to <30

[ Highly Oxic (8 to <12) [ Euhaline Water (30 to <40) [ Hot Water (30 to <35)

B \ery Oxic (212) I Hyperhaline Water (240) I \ery Hot Water (235)

Calculated Seafloor Depth = ROV Depth + ROV Altitude ’

CMECS Layer Unit: Marine Oceanic Mesopelagic Layer

——



Mapping ROV Video

2 Mapping Approaches CMECS Compliant
Habitat Maps

Buffered Viewshed « Geoform Component

e - Individual layers
o :
\Vv - Combined layer

» Substrate Component

- Individual layers
- Combined layer

» Biotic Component

- Individual layers
5 Meter Annular Buffer 44° Wedge Polygon - Too many classes to
Around Extending 5 Meters from

_ _ _ legibly combine
ROV Dive Track Line ROV Location




Overlapping ROV Viewsheds
Overlaying 5 Meter Buffers

=5 ROV Dive Track

== | Viewshed Approach
@ Buffered Approach

30 Meters

WGS 1984 — UTM Zone 15 N
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General Workflow for Habitat Mapping

Table of Joined ROV
Navigation, Attitude, & CMECS

Classifications

[ Create Buffered

Create Viewshed
Polygons 1]

Polygons 1

Raster Calculator

Rasterize (Combines Layers by
Model 4 Component)
Reclassify Model Generalize Combined
(Apply Coding Schema) 37 Layers 1

Spatially Join to
Raster Decode Template

Combined Geoform Combined Substrate
Raster Layer Raster Layer

Number of
Models & Submodels: 44

Combined Biotic Raster Layer
(Not Computed)



Mapping with CMECS

Eliminates 4 erroneous overlapping

classes
7

Dive 01:
Buffered Geoforms

Level 2 Geoforms
[ ] Unknown Geoform

[ Rock Outcrop / Mound(s) / Bioturbation
[ Rock Outcrop / Mound(s)
I Rock Outcrop / Bioturbation
I Rock Outcrop
I Reef Complex / Rock Qutcrop
/ Mound(s) / Bioturbation
I Reef Complex / Rock Qutcrop
/ Mound(s)
I Reef Complex / Rock Outcrop
/ Depression / Channel
- Reef Complex / Rock Outcrop
/ Bioturbation
I Reef Complex / Rock Outcrop
I Reef Complex / Mound(s) / Bioturbation
[ Reef Complex / Mound(s)
[] Reef Complex / Hole(s) / Depression
/ Channel
[T77] Reef Complex / Hole(s) / Bioturbation
[ Reef Complex / Depression / Channel

[ ] Trash/Rock Outcrop / Mound(s) / Bioturbation

WGS 1984 - UTM Zone 15 N

Reef Complex / Depression

[ | Reef Complex / Bioturbation

[] Reef Complex

[ ] Mound(s) / Hole(s) / Depression
/ Channel

[ ] Mound(s) / Hole(s) / Bioturbation

[ ] Mound(s) / Hole(s)

[ ] Mound(s)/ Bicturbation

[T77] Mound(s)

[ Hole(s) / Bioturbation

I Hole(s)

I Depression / Channel

I Depression

I Bioturbation

Dive 01:
Viewshed Geoforms

Level 2 Geoforms

[ ] Unknown Geoform
[ ] Trash/Rock Outcrop / Mound(s) / Bioturbation
] Rock Outcrop / Mound(s) / Bioturbation
[ Rock Outerop / Mound(s)
I Rock Outcrop / Bioturbation
I Rock Outcrop
I Recf Complex / Rock Outcrop
/ Mound(s) / Bioturbation
I Reef Complex / Rock Outcrop
/ Depression / Channel
B Recf Complex / Rock Outcrop

0.1 Kilometers A

[ |
WGS 1984 - UTM Zone 15 N

[ | Mound(s) / Hole(s) / Bioturbation

(s)

[ ] Mound(s) / Hole(s)

[ | Mound(s) / Bicturbation
(s)

/ Bioturbation [ ] Mound(s
I Reef Complex / Rock Outerop [ Hole(s) / Bioturbation
[77] Reef Complex / Mound(s) / Bioturbation  [Jll] Hole(s)

[ | Reef Complex / Mound(s)

] Reef Complex / Depression / Channel
[ Reef Complex / Depression

[ ] Reef Complex / Bioturbation

[ ] Reef Complex

I Dcpression / Channel

I OCepression

I Bioturbation
Il Unobserved Areas Classified by

Buffered Approach
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Buffered
Approach

Viewshed
Approach

N
20 meters _ WGS 1984

| | UTM Zone 15 N
&8 5 Overlapping Classes Removed §~_ROV Dive Track

Unobserved Areas Classified
by Buffered Approach

by Viewshed Approach
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Fofilis |

Enhanced Geospatial Analysis

AR e
oy g e

L9 ROV Start

A S

50 meters

I

WGS84 - UTM15N

Deep-sea Corals —» i =

(i~

X,

ROV End

CMECS Substrate Units ?
| Fine Unconsolidated Mineral Substrate

"] Rock & Fine Unconsolidated Mineral Substrate

| Rock Substrate

.| Rock & Coarse Unconsolidated Mineral Substrate

B Coarse Unconsolidated Mineral Substrate Depth Range:
Bl Unobserved or Unknown Substrate 1,252 - 1,267 meters
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Depth interpolations

allow for feature size Interpolated
estimates. Total Depth
of Dive Track

Topographic High (H) = Eathymery

-1,926 meters : -1924.52 m 25 Meters A
Topographic Low (L) = I |
ROgr=p L -1931.60 m (

-1,929 meters WGS 1984 — UTM Zone 15N
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Conclusions

CMECS IS applicable to deep sea benthic habitats in the

Northern Gulf of Mexico.

-  Observed elements not addressed by CMECS: Brittle stars attached to biology
(neither sediment or hard substrate), Brine, and Hydrate

. CMECS IS applicable to ROV video and ancillary data but 1S

NOT practical for a single analyst to apply in near-real-time.

3. Geospatial outputs promote data discovery, accelerated data

analysis and data visualization — especially within the context
of a GIS.

- Viewshed mapping approach DECREASES the number of overlapping classes at
most dive sites.

- Buffered mapping approach is most useful for vehicles lacking the appropriate
bearing information.
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Mapping Benthic Habitats from Classified Video Data:

Applying the Coastal and Marine Ecological Classification Standard (CMECS) to ROV
Video Data for Enhanced Geospatial Analysis of Deep Sea Environments

Contact us!
ncei.info@noaa.gov
www.ncei.noaa.gov

NCEI Ocean & Geophysics Facebook: http://www.facebook.com/NOAANCEIoceangeo
NCEI Ocean & Geophysics Twitter (@NOAANCEIocngeo): http://www.twitter.com/NOAANCEIocngeo



http://www.facebook.com/NOAANCEIoceangeo
http://www.twitter.com/NOAANCEIocngeo

urrent EX Video Annotation Softwar

[MVideos |[ Prayiss Resolution: Low ¥ | Time: 25-5ep-2017 19:45:00 Latitude: 2516045 Longitude: -161 64389 Depth: 17916 Heading: 206.6 Search All Videos

Cruises ¥ Insite Pacific Zeus Pt a on ROV Deep Discoverar
—-NOAA DER Musician Seamour
EX1708 Dive 21: Caiman Ar
EX1708 Dive 20: Middle Bar
EX1708 Dive 19: Mendelsol
EX1708 Dive 18 Schumann
EX1708 Dive 17: Rapano Ri
EX1708 Dive 16: Water Colt
EX1708 Dive 15: Mozart Se-
EX1708 Dive 14: Liszt Sean
EX1708 Dive 13: Paganini &
EX1708 Dive 12: Mussorgsk
EX1708 Dive 11: Water Col
EX1708 Dive 10: Shostakov
EX1708 Dive 9: Viardi Seam
EX1708 Dive & Wagner Se;
EX1708 Dive 7: Debussy Se
EX1708 Dive 6:Aborted Deb
EX1708 Dive 5: Gounod Se:
EX1708 Dive 4:Sibelius Sea
EX1708 Dive 3: Beethoven |
EX1708 Dive 2: Beach Ridg
EX1708 Dive 1- Tropic of Ce
+-NOAA OER Johnston Atell (EX
ONC Maintenance 2017-06 Na
+-NOAA OER Mountains in the D
ONC Mantenance 2017-04/05
+-NOAA OER Howland/Baker Isli
+ NOAA OER American Samoa £

Search Comments Find| Next

£ NOAA OER EX-16-08 (Dec 20° | Dive Log Entries || My Annotations

+ WVENUS Maintenance 2016-101 || Start Date (UTC) End Date (UTC) Comment Latitude Longitude Depth Origin Action

+-0OFO Expedition 2016-08 (Aug . - o = Echinodermata Crncidea Articulata (Crincid):on Cnidaria Anthozea Oclocorallia Alcyonacea Scleraxonia -
5-Sap-2017 19:41:5, 25 - 41:5. ¥ L4 5 9 -16164 ) { &

' NEPTUNE 2016-06/07 SKQ20" 25-3ep-2017 19:41:52 Sep-201719:41:52 | ~ - iidae (Precious Coral). 251604 16164388 17922 SeaScribe | A

NEFTUNE 2016-06 RV Siluliag 25-Sep-2017 19:43:26  25-8ep-2017 194326 Anhropoda Crustacea Malacostraca Decapoda (Decapod) shimp in water 2516043 -161.6438 17908 SeaSeribe
NEPTUNE Maintenance 2016
VENUS Maintenance 2016-041

25-Sep-2017 19440 daria 203 allia Actiniana (Anemaone) 3 -16 3 17914

+ NEPTUNE Maintenance 201 25-5ep-2017 19.46:24  25-Sep-2017 19:.46:24 | Cnedana Meduszoa (Jellyfish) 2516039 -161.6439 1795 SeaScrbe | A
L FINE Mai: n1e.nama T
| skt R 25-8ep-2017 19:62:43  25-Sep-2017 196243 | Cridaria Medusozoa Hydrozoa (Hydroid) 2516038 -16164401 17946 SeaSerbe | [y L,

ONC'’s annotation software SeaTube provides a user interface that enables video
playback, position, and time-stamped annotations.

* Photo credit: NOAA OER & Ocean Networks Canada (ONC)
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Bearing
Distance to Line

Requires User Input

Bearing
Distance to Line

G
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Geometry
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