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Vehicle Design
For the Littoral Zone

SurfROVer Handles Transitional Zone from Shore to Deepwater

By Matthew Cook ¢ Dr. Tim Crandle ¢ Ed Celkis

SurfROVer is the latest in a line of in-
ventive, special-purpose ROVs de-
signed and built by SeaView Systems of &
Dexter, Michigan. A battery-operated
crawler with a low-profile design and
wide footprint that creates an extremely
stable vehicle, SurfROVer targets the
transitional zone between shore and
deepwater environments that often can-
not be addressed by other vehicles. The [
challenges of the transition zone include |
potential active surf conditions, where
key aspects of SurfROVer’s design make
it capable of operating in otherwise im- (&
passable conditions. SurfROVer’s innova- |
tive battery-powered propulsion system |
makes it ideal for specialized applica- |
tions such as route surveys and un-
exploded ordnance (UXO) surveys
and for deployment of a cable/pipe-
line tracker, as well as applications
in otherwise impassible surf, such as [§
active surf bathymetry surveys.

Exploiting the Latest Technologies
For many underwater applica-
tions in deepwater conditions, an
ROV can readily be “flown” to per- |
form structural inspections or survey
work. But the littoral zone, where surf
conditions, insufficient depth and the
hazards of shore proximity present
special challenges, remains relatively
unexplored by standard ROVs.
Drawing upon extensive experi-
ence with both off-the-shelf ROVs and
custom vehicle designs, as well as the
latest advances in battery chemistry
and the company’s own custom con-
trol electronics capabilities, SeaView
Systems decided to rethink the pos-

(Top) SurfROVer emerges from heavy surf
conditions during field trials at the ocean-side
shoreline at Duck, North Carolina. In this con-
figuration, targeting relatively shallow water,
the mast supports a GPS antenna that allows
precise navigation control and location of sur-
vey data. (Bottom) The front view of SurfROVer
shows a host of survey equipment, including
lights, HD and SD cameras, multiple sonar im-
agers and a current profiler.
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sibilities for a vehicle that could oper-
ate in energetic surf and traverse directly
from shore up to depths of 100 m.
Some key design considerations that
would make for the most versatile ve-
hicle included: wide and low vehicle
profile for maximum stability; low cen-
ter of gravity with high mass for opera-
tion in energetic surf; wide track drivers
= for good traction with low-psi footprint;
high-powered drive motor system for
versatile payload or towing capacity; ro-
bust mechanical design capable of with-
standing the rigors of high surf; high ma-
{ neuverability, point-turning capability;
ease of deployment and transport; and
use of as many off-the-shelf components

as practical to maintain low cost.
One of the first design consid-
erations was the propulsion for the
vehicle. After careful consideration,
SeaView decided on an electric
motor-driven hydraulic system that

= provides a high level of torque to
= cach of the four tracks. In order

to keep overall system cost down,
SeaView used a combination of
custom-machined components
and standard off-the-shelf parts
that were readily available for more
mundane terrestrial applications. The
tracks, for example, were mass pro-
duced for use on truck setups.

The first application for SurfROVer
was pulling an extremely sensitive
sled-mounted electromagnetic UXO
detection system developed by White
River Technologies. The requirements
of the electromagnetic survey equip-
ment dictated that the vehicle have a
very low electromagnetic noise floor.
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This requirement meant that power could not be provided
via the standard powered umbilical as the movement of
the powered umbilical in the surf would cause too much
interference with the UXO sensing equipment.

Instead, SeaView elected to power SurfROVer with twin
battery banks. These battery packs consist of 1,344 total
individual cells built into banks of 40 cells each, with 14
banks per battery for a total mass of batteries in bottle of
65 kg. Each bank of cells is individually assembled with a
controller board that allows system diagnostics to be fed
back to the control station of the system and allows for
intelligent charging that efficiently and quickly tops off
the batteries after use in the field. By using high-capacity
lithium chemistry batteries in sizable banks with a sophis-
ticated battery management system, SeaView was able to
design SurfROVer with capacity to charge fully in a few
hours and operate for as long as a complete workday on a
single charge.

The mass of the battery bottles also ends up being a large
fraction of the overall vehicle mass and contributes to the
overall stability of the platform. By mounting these bottles
near the axle height of the vehicle, low on the frame, they
contribute to the low overall center of mass for the vehicle.

Battery operation had another benefit when it came to
ease of deployment and transport. By fitting SurfROVer
with a setup console that could be used when mobilizing
the vehicle from within its transport container, the vehicle
can be wirelessly controlled with a wireless hand control-
ler. By activating the setup console, the operator need only
turn on power to SurfROVer and control it with the wireless
hand controller. This possibility proved to be very useful in
deploying the vehicle from the transport container, which
doubles as a control booth. Rather than needing to posi-
tion the transport container at the deployment location, the
container can be positioned as needed based on practicali-
ties at the work site. And SurfROVer can be “driven” to the
deployment location by a single operator with a wireless
hand controller walking with the vehicle. Because of the
ability of SurfROVer to traverse reasonably rugged terrain,
having this capability makes it very easy to deploy in oth-
erwise restrictive environments, which might involve cross-
ing beach or other obstacles.

Made of lightweight aluminum, SurfROVer measures
only 2.6 by 2 by 0.8 m yet delivers a pull force of 500 kgf,
enabling it to easily pull survey sleds. Its size and weight
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(Top) ;SurfROVer in the wash nearshore at Duck. The
gray object seen. in the whitewater behind the ve-
hicle is the sensor-arraysbeii

towed by SurfROVer.
(Bottom) The camera views, GPS and other data pro-
duced by SurfROVer allow itto be completely con-
trolled from inside-the-combination travel container

and control sheds. g

make it easily transported by flatbed trailer/pickup truck.

Vehicle operation via a fiber-only umbilical eliminates
the magnetic interference created by a powered umbilical.
This approach necessitates use of either an onboard power
source such as batteries or a nonelectrical power technique
such as hydraulic drive.

Building on Previous Developments

Previous ROV vehicle development at SeaView has
resulted in a set of tools, utilities and skills that factored
heavily in the design and implementation of SurfROVer.
Among the existing capabilities that come into play are:
battery management systems; ganged battery and pressure
bottle assembly; system controls using SeaView’s ROV
bus control system; and system control multiplexer using
SeaView'’s SVS-109 multiplexer.

In particular, the ROV bus system, devised by SeaView
with the intent of making common control elements such
as light controllers, motor power controllers and system
communications operate using standard hardware ele-
ments, proved to be highly beneficial for the development
of the overall system.

SeaView was able to take advantage of its own SVS-
109 fiber-optic multiplexer board to manage video and
sonar data feeds via the fiber link. The SVS-109 has been
proven and already widely used on many custom ROVs or
as an upgrade to vehicles such as the Saab Seaeye Falcon
to enhance the bandwidth and number of ports available
on the ROV. On SurfROVer, the SVS-109 provides enough
bandwidth for video, lights and motor control and enables
SeaView to manage the full suite of survey equipment
through a single mux board.

Design Tradeoff: Battery vs. Umbilical Power
One of the key considerations in the initial specifica-
tion for SurfROVer was locomotion. While many ROVs
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are powered via high voltage
umbilical, this approach has
severe limitations for work-
ing in active surf conditions.
A powered umbilical might be
workable for low-energy surf
but would be problematic in
energetic surf. In addition, the
powered umbilical would im-
pose limitations for shoreline
proximity. As part of an ongo-
ing push to enable more ap-
plications with battery power,
SeaView developed a custom
power system for SurfROVer
that could be reused in a vari-
ety of applications. In order to
provide the best control, low-
est environmental footprint and
ease of deployment, SeaView
selected an electric motor-
driven hydraulic locomotion
system and developed a com-
bined battery and bottle system
for the SurfROVer that could be

used singly or in ganged operation for other vehicles.

Special Requirements for UXO

For some applications, such as mapping unexploded
ordnance, sensitive electromagnetic sensors are required.
The copper power supply line, even when shielded, can

Max Operating Depth 300 msw

i

Overall Di (LxWxH) 26mx2mx0.8m
Weight (in air) 680+ kg, depending on configuration

| Neg. buoyant: ~600 kg, depending on config.
0.52 psif3.5 kilopascals

Weight (submerged)
Ground Pressure

Pull Force 500 kgf

Battery Life [ 8-12hr.

Speed (Submerged) ~1.5m/s

Propulsion [ Electrohydraulic

Turning Radius On-the-spot (without tow array)
OPERATING CONDITIONS

Current Conditions
Bottom Type Environments

3-kt. current regardless of incident angle
Range of soil types (sands, muds) up to 80
kPa

Up to 2 m plunging waves; Sea State 3
Traverse capability for obstructions 0-20 cm
above flat seafloor; barriers, troughs, macro-
ripples, shell reefs; etc.

Wave Action/Sea States
Traverse Capability/
Obstructions

|

PAYLOAD CAPABILITY
Payload All tion

Payload Volume/Hotel Space
Payload Power

Platform Data

150 kg+

~100 liters

AC/DC voltages available

PTZ camera, 2xSD cameras, direction,
velocity, roll/pitch/yaw, pressure depth, health
status

Desired RTK-DGPS; augment with IMU and
USBL (tbd)

10/100 Ethernet, RS232, RS485, TTL. Analog
I/P. Digital IO, Quadrature Encoder. Gbit
Ethernet (optional)

Positioning

Payload Data Interface

TOPSIDE INTERFACE
PC Interface
Data Interface

Windows control/display
Ethernet via tethered modem (e.g.,
Ethernet modem)

FO-

SeaView Systems’ SurfROVer specifications.

present an insurmountable
source of noise that propagates
into the sensor’s field of view
and perturbs the sensitive elec-
tromagnetic readings.

Using a ruggedized fiber-
only umbilical line for commu-
nications and battery banks for
system power brought a key ad-
vantage for some survey appli-
cations, including UXO surveys
that were the focus of the first
work with SurfROVer.

The two specially engineered
lithium-ion battery pods deliver
up to 12 hr. of battery life and
require no surface power supply
(e.g., generator or shore power).
All  communications (video,
lights, operating controls, etc.)
are run over optical fiber. Sur-
fROVer’s caterpillar tracks are
electrohydraulically driven.

Field Trial Results

A series of field trials were performed in November

2016 in order to test the performance of SurfROVer in vari-
ous conditions. These included both freshwater and saltwa-

Banks, North Carolina.

ter environments, as well as one near-freshwater estuarial
setting on Albemarle Sound, on the inland side of the Outer

Tough Subsea Work Demands Precision Equipment!

This multi-configurable,
ROV-friendly saw operates
at a low RPM but with the
same high torque as other
saws. The end result is a
fast, efficient cut with less
wear on the blade.
Transportation box, slings and
blades included.

Seeking qualified distibutors.

Special Prices expire March 31, 2017 Call 337-837-3999 and use offer code STQ2

Whether it's a diver or an ROV... cutting
wire ropes, cables, or pipes demands
precision equipment that can get the job
done safely and quickly.

Aqkl)Ja—Tech specializes in highly customized
subsea tools that get any job done better,
faster, cheaper and safer.

We also keep a huge inventory of off-the-
shelf tools that can be shipped
immediately to anywhere in the world.

I
AquarTech
e

Services, LLC

Durable. Powerful. Safe.

CP Probe Hot Stab &
Receptacle -
it
$675 ea. $1,350 ea. g
-

Light weight, very few parts, 17H, Dual Port, 15k, Made in

US, in stock now, ready to ship.

super mobile for diving, can be
adapted for ROV use

Custom configurable.

Camera & Light

$650 Light
$850 Camera

Custom made. Titanium housing,
sappbhire lenses, local support.
Ready to ship.

ROV CaviBlaster
& ROV CaviGun

$22,500

Includes custom made gun for
one-pass cleaning of complex
shapes. Offshore ROV ready.

115 Nova Dr. Broussard, LA 70518 (337) 83

7-3999

www.sea-technology.com

info@aqua-techservices.com

www.aqua-techservices.com
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The immediate goal of these tests was to verify the per-
formance of SurfROVer as a tow engine for EM sensors
developed by White River Technologies of Lebanon, New
Hampshire. For the EM sensing application, precise GPS
information for both SurfROVer and the towed EM sensor
array was a key data requirement. (The sensor array was
towed via a trailing sled that kept the EM sensor at the
needed distance from the onboard electronics.)

Initial field trials of SurfROVer were conducted at a
Great Lakes location and at the Army Corps of Engineers
Field Research Facility at Duck, North Carolina. These trials
included three test zones: the beach, an active surf littoral
zone and a freshwater estuary test site on the inland side
of the lake.

This included GPS positioning, which necessitated a
GPS mast that would be above the water surface for all
parts of the track, along with a survey GPS base station, so
testing in this case was limited to depths of less than 15 ft.

The testing resulted in some insights that will be reflect-
ed in design improvements, but the stability of the platform
was found to be quite good, even when towing the rela-
tively long arm required for the EM sensors.

Directions for Future Development

Building on the basic framework of the SurfROVer’s ini-
tial design, SeaView sees a range of possible variations,
including a smaller vehicle that would offer less towing
force but would be even easier to transport and deploy. In
addition, the battery banks as designed offer the possibil-
ity of either longer running time by adding more battery
bottles, or lower mass by running a single bottle, at the

expense of shorter run time. SeaView even envisions the
possibility of a fully autonomous vehicle capable of per-
forming extended survey work based on a preprogrammed
track plan. At that point, the video game controller used to
drive the SurfROVer could be replaced by mission plan-
ning software, and the operator could focus on data being
produced by the survey. 8T
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of Michigan Marine Hydrodynamics Laboratory in
1998 with force, pressure, acceleration and orienta-
tion sensors, as well as microcontrollers and motion
control systems. At SeaView, his responsibilities in-
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- Lightweight, easy to deploy.
- High Thrust.

- Intelligent Flight with Shark Marine’s
“DiveLog Software” Provides:
- 3D Route Following.
- Station Keeping.
- Auto Depth / Altitude.

- Able to run off of a wide range of
power supplies.

cAaArrAcu/oAa

The Barracuda is a new breed of ROV, designed to work in high current.
Small, Streamlined, Extremely Powerful and loaded
with Advanced Capabilities.

- Integrated Total Navigation System (TNS)
Including GPS, DNS,(LBL also available).

Shark Marine Technologies Inc.www.sharkmarine.com sales@sharkmarine.com Ph: (905) 687 6672
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