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Introduction to ROVs

“Remote-operated vehicle”
 Underwater use

« External visual display/control
 Tethered cable: control unit - robot

Intended to replace underwater
manned vehicles (submarines)

Variety of forms and functions




A Quick History Lesson...

1953 - “Poodle”

1961 — XN-3 (underwater camera)
* US Navy; military operations

1966 - “CURV” (cable controlled underwater recovery
vehicle)
* Recovered lost hydrogen bomb

1970s and 1980s — ROV-225 and ROV-150
« Offshore (oil) operation

2009 - “Nereus” explores the Mariana Trench (6.8 miles)



Different classes of ROVs

 Light, Medium, and Heavy work class

Class Type Power (h

Micro Observation )

Low Cost Small Electric ROV <5
(<100 meters)
Mini Observation o )

Mini (Small & #9:(Electric)) <10
(< 300 meters)
Light/Medium Work Class )

Medium (Electro/Hyd) <100
(<2,000 meters)
Observation/Light Work Class ) ) )

High Capacity Electric <20
(< 3,000 meters)
Heavy Work Class /Large Payload ) )

High Capacity (Electro/Hyd) <300
(<3,000 meters)
Observation/Data Collection

Ultra-Deep (Electric) <25
(>3,000 meters)
Heavy Work Class /Large Payload

Ultra-Deep (Electro/Hyd) <120
(>3,000 meters)
Trenching and Burial Bottom Crawlers and Plows
Towed Systems Towed Systems

ROV.org




Light/Observational Class




Heavy Work class
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ROV Catalog



http://digital.oceannews.com/publication/?i=264011
http://digital.oceannews.com/publication/?i=264011

Applications of ROVs
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Applications of ROVs




Applications of ROVs in Fisheries/ Aquatic
Science

Marine Habitat Mapping Technology for Alaska, |.R. Reynolds and H.G. Greene (eds.) 109
Alaska Sea Grant Coliege Program, University of Alaska Fairbanks. doi:10.40. hmta.2008.08

Conducting Visual Surveys with
a Small ROV in Shallow Water

Robert E. Pacunski and Wayne A. Palsson
Washington Department of Fish and Wildlife, Miil Creek, Washington

H. Gary Greene
Moss Landing Marine Laboratories, Moss Landing, California

Don Gunderson
University of Washington, School of Aquatic and Fisheries Science, Seattle, Washington

Abstract cialized teams to operate, the greater affordability, lower
Small remotely operated vehicles (ROVs), sometimes operating costs, and relative simplicity of small ROVs makes

them especially suited for use by natural resource agencies
and academic institutions operating on limited budgets and
with minimal resources (i.e., vessels, personnel). Unlike large
ROVs that typically require a large, dedicated support vessel,
asmall ROV can be deployed from a range of platforms that

e el
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described as low-cost (<$150,000) ROVs, have become
valuable tools in the study of marine organisms and their
habitats. The versatility and relative simplicity of these vehi-
cles is enabling scientists and fishery managers to develop a
better understanding of the marine ecosystem that has not

Published in Marine Technology Society Journal
Volume 32, No. 3, Fall 1998, pp. 37-47.

Oceanographic Research Using Remotely Operated Underwater Robotic
Vehicles: Exploration of Hydrothermal Vent Sites On The Mid-Atlantic
Ridge At 37°North 32°West

R. Bachmayer, S. Humphris, D. Fornari, C. Van Dover, ]. Howland, A. Bowen, R. Elder,
T. Crook, D. Gleason, W. Sellers, and S. Lerner

Abstract
This paper describes three 6000 meter tethered underwater vehicles - DSL-120 sonar, ARGO IT mapping system and
Jason/Medea remotely operated vehicle - used during the summer of 1996 for an oceanographic expedition to investigate
hvdrothermal vent sites at the "Lucky Strike" segment (37°N 32°W) of the Mid-Atlantic Ridge as part of the RIDGE (Ridge
Inter-Disciplinary Global Experimeny) Initiative (RIDGE,1993). This suite of vehicles has dramaticaily augnented the
suite of deep submergence vehicles available to oceanographers and has resulted in new approaches to deep-sea research.

1. INTRODUCTION limit the performance of operational underwater ROV
The last decade of oceanographic research has seen systems in scientific missions.

underwater remotely operated vehicle (ROV) technology

evolve from fragile laboratory engineering prototypes 2. DEEP-OCEAN SCIENTIFIC FIELD

First attempt to use a remotely operated vehicle to observe
soniferous fish behavior in the Gulf of Maine, Western
Atlantic Ocean

Rodney A. ROUNTREE", Francis JUANES®

" Marine Ecology and Technology Applications, Inc.. East Falmouth, 178 Teaticket Hwy. MA 02536, USA
* Department of Natural Resource Conservation, University of Massachusetts, Amherst, MA 01003

Abstract  Underwater sound and video observations were made at noon. sunset, and midnight in sand, gravel, and boulder
habitat in the Stellwagen Bank National Marine Sanctuary, Gulf of Maine, USA in October 2001 using a remotely operated vehi-
cle (ROV). Seveunteen species of fish and squid were observed with clear habitat and time differences. Observations of feeding
behavior, disturbance behavior, and both interspecific and intraspecific interactions provided munerous opportunities for potential
sound production: however, sounds were recorded only during a single dive. Although high noise levels generated by the ROV
and support ship may have masked some sounds, we conclude that fish sound production in the Gulf of Maine during the fall is
uncommon. The recorded fish sounds are tentatively attributed to the cusk Brosme brosme. Cusk sounds consisted variously of

isolated thumps, widely spaced thump trains, drumrolls. and their combinations. Frequency peaks were observed at 188, 539, and

Development of a Remotely Operated Vehicle Based Methodology to Estimate Fish Community
Structure at Artificial Reef Sites in the Northern Gulf of Mexico

WILLIAM F. PATTERSON, TII. MICHAEL A. DANCE#*, and DUSTIN T. ADDIS
University of Wesi Flarida, Depariment of Biology, 11000 University Parkway, Pensacola, Florida 32514 USA
*Current Address: Texas A&M University at Galveston, 3007 Avemue U, Galveston, Texas 77551 US.

ABSTRACT

A remotely operated vehicle (ROV) based methadology was developed 10 estimate reef fish community stricture at antificial
reef sites off Pensacola, Florida in the nonthern Gulf of Mexico. The method is based on the visual census technique developed by
Bohnsack and Bannerot (1986). with a key dep that sarmg was eonducted with a micro ROV instead of divers. A

VideoRay Pro 111 ROV equipped with a red laser seale (distnce between lusers = 10 cm) was employed o sample fish
and estimate the size distribution of fishes at study s Pool experiments were conducted to examine the effect of distance from
5 " 10°, 15% 20°, and 307 from perpendicular) on the accuracy of estimating
¢ laser scale. Resules indicate that fish length estimated with the laser seale was accurate (i.¢., mean absolute error
< §95) for distances < § m and angles of incidence <20° from perpendicular, In the feld, the ROV was used 1o sample a | 5-m wide
eylinder around artificial reefs from the seafloor through the water column.  Two readers independently analyzed video
24) in which all fishes were identified 1o the lowest 1axonomic level possible and counted, Average percent erros bery
il i fi (p = 0.001). Overall, results sug-

between counts was (

among all samples wa
gest that micro ROVs o d 1o estimate reef fish community structure precisely at artificial reef sites, as well as to estimate
size distributions sccurately of fishes present,

KEY WORDS: Artificial recf, recf fish, Remotely Operated Vehicle
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Advancements in ROV technology

* Open source ROVs (OpenROV.com)
Customization/programming (Arduino electronic platform)
Kickstarter project: raised several hundred thousands $$$
Kits for self construction

Low-cost ($1,200)




Advancements in ROV technology

Development of autonomous undersea vehicles

(AUVs)

* Habitat mapping
« Seafloor survey

* Fish tracking?

* Invasive species control?

Autonomous fish tracking
by ROV using Monocular Camera

Jun Zhou Christopher M. Clark

Lab for Autonomons and Intelligent Robotics

Department of Mechanical Engineering
University of Waterloo

200 Univ

ity Ave. West, Waterloo, ON,

(2L 3061,

Canada

iSzhon@engmail.uwaterloo.ca, celark@uwaterloo.ca

Abstract - T
track
(ROV)
image processing

imation of particular species of fi
th Bass. The algorithim uses a se
uding the Gabor filter for texture, pre

A, An efficient
ntexd that enables
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Large N
Alrers ir

mark the body and tail. Fea
produces the position and orie:
ative to the ROV, By implementing tl
on each frame of a series of video frao
sive relative state wmtes can be obtained w
are | o acros: 1w via a Kalman Filter.  Video
taken from a VideoRay MicroROV operating within
Paradise Lake, Ontario, Canada was used to demon-

Figure 1: The Videoltay Pro 111

MicroltOW

In this research, target tracking of fish via au-

robots
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sisting marine biologi
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Fig. 2: Concept AUV with a vison-guided robotic arm
extended to inject and control COTS numbers in reef en-
vironments (inset: injection arm in retracted position).


http://www.dailymail.co.uk/news/article-3220579/Could-robot-save-Great-Barrier-Reef-Crown-thorns-killer-called-COTSbot-seeks-coral-destroyers-shoots-lethal-injection.html

Advancements in ROV technology

Echosounder Weather Station

Dual-frequency BioSonics echosounder with 70-kHz Compact multi-purpose weather sensor for

and 200-kHz transducers. temperature, wind speed and direction, and
barometric pressure.

Cornell Project



Advancements in ROV technology




Discussion

 Limited use of ROVs in Freshwater systems
e Limitations?

* Potential uses?

* Population estimates, fish attractor surveys, water
monitoring, habitat mapping?

Tramsections of the American Fisheries Soctety 126:871-875. 1997
& Copyright by Ibe American Fisheries Society 1997

Use of a Remotely Operated Vehicle to Study Habitat and
Population Density of Juvenile Lake Trout

C. L. Davis, L. M. CaRL, avD D. O. EVans
Ontario Minisiry of Narural Resources, Aguaiic Ecosystems Science Section
Research. Development and Transfer Branch
Post Qffice Box 7000, Peterboraugh, Ontario K9J 8M5, Canada

Abstract.—We determined the feasibility of using 8 habitat. This is p y imp for
remoiely operated vehicle (ROV) w observe juvenile  gsnecies such as lake trout, that have low recruit-
lake trout Safuel i The ROV wasequipped  popy ares (Evans and Willox 1991). Qur objec-
with a high i low-light, black-and-white video 3

camera and two halogen headlamps and was tethered by tives were (1) to d be the resp of j i
a 152-m umbilical cable. We used the ROV to sample  lake trout to the ROV and (2) to compare estimates
two central Ontario lakes: Souree Lake in summer and  of juvenile lake trout density from the ROV survey
fall and Lake Opeongo in summer, We surveyed the lake  with the relative density measures from a small-
bottom at depths of 2.5-40 m in both lakes during daY  mesh gill-net survey that was conducted concur-




POTENTIAL LIMITATIONS?

* Cost?

- Battery life?

* Depth?

- Capabillities?

 User friendliness?

« Standardized methods?
» Positional accuracy
 Training?

» Tethering



Marine Habitat Mapping Technology for Alaska, J.R. Reynolds and H.G. Greene (eds.) 109
Alaska Sea Grant College Program, University of Alaska Fairbanks. doi:10.4027/mhmta.2008.08

Conducting Visual Surveys with
a Small ROV in Shallow Water

Robert E. Pacunski and Wayne A. Palsson
Washington Department of Fish and Wildlife, Mill Creek, Washington

H. Gary Greene
Moss Landing Marine Laboratories, Moss Landing, California

Don Gunderson
University of Washington, School of Aquatic and Fisheries Science, Seattle, Washington
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