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ROV PILOT TECHNICIAN
raining for professionals

We provide innovative professional training courses for the marine
industry that meet the highest standards.
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Our trainees receive a thorough ROV Pilot education alongall ing it provides. Our unique train-
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program with experts from across the marine industry to enhance your achieve excellent test’s results, but
Creating crisp, high-resolution imaging for subsea applications requires overcoming a

unique set of challenges, particularly at the extreme depths where ROVs are used. It is criti-
a successful career as a commercial ROV Pilot. knowledge that will enable you cal that every piece of equipment is designed not only to withstand the high pressure far

Our training develops part of the ROV practical training Modules to progress to basic, intermediate below the surface, butalso to account for the way light interacts with water.

on-board a Multipurpose Supply Vessel performing real opera- and advanced ROV training - and

understanding, achieve and develop the professional skills required for also to build a solid foundation of

tions in onshore and Offshore waters found in the industry. beyond to an ROV Pilot career.
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The camera's view port (or lens port) sits in front of the lens,
protecting it from the deep-sea environment. There are
two basic types of view ports: dome and flat ports. Both
are used in underwater camera housings and are able to
withstand high pressure.

Flat view ports are less expensive and easier to implement
in an underwater imaging system. Yet for applications that
require high quality imaging—from subsea infrastructure
inspections to oceanographic research—dome view ports
enable a wider field of view, contribute less optical distor-
tion, and maintain higher resolution limits over flat view
ports. Additionally, the mechanical properties of dome
view ports are better suited to high-pressure environ-
ments, giving them an edge when it comes to overall sys-
tem performance. These advantages make a dome view
port an invaluable investment for any operation that relies
on top-quality subsea imaging.

WATER & LIGHT

It's no surprise to anyone who works in the subsea industry
that light behaves differently underwater than it does in
air. Water has what's called a higher refractive index. This
means when light enters water, it bends—refracts—more
than it does when traveling through air. The direction the
light bends depends on its angle relative to the surface as
it passes through. Perpendicular to the optical surface, the
light does not refract. The farther away the rays of light are
from perpendicular, the more pronounced the refraction.

Glasses, ceramics, and other materials used in view ports
likewise have different refractive indexes. In flat view ports,
the surface is a flat plane. Since light passes through the
view port at different angles across the field of view, there
will always be some refraction, increasing further towards
the edges. The result is that the camera’s field of view is
considerably narrowed and the image appears magnified.
This also limits how wide of a field of view can be achieved
on a flat port to about 96°.

The concentric spherical surfaces on dome view ports are
optimal for underwater wide-angle imaging. Rays of light
are able to pass perpendicularly through the surfaces of
the dome with no refraction, eliminating upper limits on
the field of view.
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DOME VIEW PORTS — BEST PERFORMANCE UNDER PRESSURE
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Refraction limits the maximum field of view through a flat portin water to less than100°,
whereas dome ports do not have arefractive limit on the field of view.

Dome view ports additionally avoid color fringing, or chro-
matic aberration, a common problem in imaging. When
light is refracted, it separates into the color spectrum. The
component colors passing from the water through a flat
view port travel at different speeds, and are bent at slightly
different angles when they reach the lens. This results in
imaging that appears to have overlapping colors, blurri-
ness, and “ghosting,” where the different colors do not fo-
cus on the same point, creating a copy of the image offset
from the rest of the picture.

The spherical curvature of dome view ports allows rays
from across the field of view to pass through the surfaces
without deflection on its way to the lens. The result is a
clear image with sharp colors.

There are still significant design challenges to overcome
when using a dome view port. From an optical perspective,
a dome port forms a “diverging lens” at the front of the
camera lens. This moves the focal plane towards the cam-
era, making objects beyond it appear closer than they re-
ally are. In some cases, the camera lens can be aligned with
the center of curvature of the dome and focused, in water,
on the nearer focal plane. In other cases, particularly with
varifocal zoom lenses, this is not feasible and a secondary
corrector optic is required to push the focal plane back out
within the focus limits of the lens. Despite this and other
practical issues, a corrected dome port is a superior optical
solution and worth the effort.

Abubblegum coral filmed at approximately 1600 m depth in Pamlico Canyon, off the coast
of North Carolina. Image courtesy of Erik Cordes, Temple University, Deep Search (BOEM,
USGS, NOAA OER), HOV Alvin, 2018, © Woods Hole Oceanographic Institution.

Close-up image of the same bubblegum coral filmed in Pamlico.Canyon. Credit:Image cour-
tesy of Erik Cordes, Temple University, Deep Search (BOEM, USGS, NOAA OER), HOV.Alvin,
2018, © Woods Hole Oceanographic Institution.

UNDER PRESSURE

Beyond the optical advantages, the inherent mechanics of
dome view ports are better able to withstand the extreme
pressures far below the water’s surface.

Depending on how a force interacts with an object, the ob-
ject will experience different types of stress. Two types of
stress are tension (stretching) and compression (squeezing).

A flat view port spanning a circular opening under hydro-
static pressures experiences local regions of high compres-
sive stress as well as high tensile stress. Dome view ports,
on the other hand, resist pressure uniformly outward from
the center, resulting in a more even distribution of com-
pressive stress without any tensile stresses.
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Comparison of the stresses in a flat port vs. adome port of the same radius and thickness.
Tensile stresses appear in the flat port at the central region on the inside surface. Note the
gradient scale for the dome port is a subset of the range of stresses seen by the flat port,
and they are confined to compressive stress.

Why is this significant? It comes down to the way that cer-
tain materials are more capable of withstanding one type
of stress over the other. The transparent materials that are
most suitable for high pressure optical ports - glass, sap-
phire, ceramics - are brittle materials, characterized by ex-
ceptional mechanical strength under compression and poor
strength under tension. The tensile stresses experienced
by flat view ports make them more likely to fracture under
pressure, compromising the entire imaging system. Domes
are far more resistant to fracture with their more uniform
distribution of purely compressive stress.

The ROV Jason deploying a state-of-the-art Shallow Profiler platform built by the University

of Washington Applied Physics Laboratory. The mooring is connected to the 00l Cabled Array
through afiber optic cable allowing real-time two way communication and response capabilities
from shore at the University of Washington. Image courtesy of Deborah Kelley, University of
Washington, VISIONS'18 (NSF-00I), ROV Jason, 2018, © Woods Hole Oceanographic Institution

The Shallow Profiler platform hosts a winched instrumented profiler which transects the
water column between the mooring platform at 200m and a few meters below the surface 9
times a day. Since 2015 the three profiler moorings have made more than 27,000 profiles in
the NE Pacific to study conditions and the environment in some of the most biologically pro-
ductive waters on the planet. Image courtesy of Deborah Kelley, University of Washington,
VISIONS'18 (NSF-00I), ROV Jason, 2018, © Woods Hole Oceanographic Institution
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THE IMPORTANCE OF TESTING

Simply using a dome is not a complete solution; practical con-
cerns such as differences in thermal expansion and in what's
called the Poisson'’s ratio between the housing and the dome
port can cause localized tensile stresses to build up, forming
small cracks and driving them to failure over normal use.

Cyclic pressure testing ensures that a view port design is up
to the task of reliably operating thousands of meters below
the surface. In cyclic testing, the material is placed in a cham-
ber where it is subjected to varying pressures at repeated
intervals. This type of testing accelerates crack formation
and growth in brittle materials and will show if a design will
withstand the extreme environmental conditions subsea
equipment experiences over the course of its usage.

Sample cyclic pressure test series showing the pressure cycles at each stage of testing along
with a running total of all pressure cycles. This Apex SeaCam unit achieved 10,000 cycles to
10,000 PSl without a single failure.
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DOME VIEW PORTS — BEST PERFORMANCE UNDER PRESSURE

The verdict: dome view ports offer significant advantages
over flat view ports for deep-ocean applications. With su-
perior optics and greater reliability, dome ports provide
consistently high-quality imaging for even the most de-
manding subsea applications.

DeepSea Power & Light (DSPL) has over 30 years of
experience designing optical solutions for the subsea
industry. DSPL rigorously tests its subsea equipment
at its in-house facilities at conditions that mirror re-
al-world use, ensuring performance from the surface
down to the deep-ocean floor.

The Apex SeaCam filming a bed of mussels at a natural methane seep at 2100 m on the

Blake Ridge off of the US South Carolina coast. Imagery from WHOI MISO-EPO GoPro 12MP
camera provided by D. Fornari (WHOI) and E. Perrone (EP Oceanographic) and taken through
aDeepSea Power & Light dome port and corrector optic. Support for camera development
provided by NSF. © Woods Hole Oceanographic Institution

Apex' SeaCanm’

4K UHD and HD

The pinnacle of performance

Superior Performance - Proprietary corrector optics with low-distortion 70° horizontal FOV.

Zoom Capabilities - 12x optical zoom in 4K UHD and HD output formats. Visually lossless digital zoom up
to 20x in 4k UHD and 24x in HD output formats.

Robust Design - Titanium housing and optical dome proof tested 10,000 pressure cycles to 6,000 m.

Flexible Configuration - FleXlink’, CWDM fiber optic, and coax output options. VISCA compatible.

Contact us today for more information: 1 800 487 3775 sales@deepsea.com www.deepsea.com/apex-seacam
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