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EXECUTIVE SUMMARY
The purpose of this brief is to propose a domestically designed and produced high-performance
and low-cost integrated Remotely Operated Vehicle System (ROV) configurable to Mine
Countermeasure (MCM) application as well as fleet security.
With the large number of small ROV systems that populate the commercial off the shelf (COTS)
ROV marketplace, all have their various applications but none quite meet the specific needs of
the military marketplace. The rapid innovation within the small ROV community has caused the
pricing of small systems to fall rapidly while at the same time functionality to skyrocket. It is
possible for the USN to reap the considerable benefits of better functionality at lower costing
while maintaining domestic control of the manufacture and distribution of these systems.
There is considerable commonality between the MCM and inspection ROV systems. These
common features include thrusters, control electronics and front-end software integration. With
a common control system, graphical user interface and data throughput pipeline, a simple chassis
switch would allow for a mission configurable ROV system which is extremely low cost yet
highly effective.
In the following brief, SeaTrepid outlines its plan to deliver to the Fleet a rapid production
prototype within eight months of contract award with production of line systems within one year
for both a low-cost MCM and security ROV systems. By using off-the-shelf and proprietary
components, SeaTrepid can deliver the ability to domestically control all functions of this system
so as to allow for more frequent inspections due to higher availability at a considerably lower
cost.
In January 2002, NAVSEA (through contract with Phoenix International) conducted an extensive
evaluation of all domestic observation class ROV systems with submersibles weighing below
100 pounds. The clear winner of this evaluation was the Outland 1000 ROV system from both
performance and cost perspectives. The manufacturer’s suggested retail price for the Outland
1000 as currently offered is $32,000 per system. The system proposed is simply a cost, size and
weight-reduction engineered Outland 1000 featuring higher ½ horsepower thrusters, a three
thruster configuration and open-source computer control with a cost-plus price of $15,500 per
system.
Currently, the SeaFox MCM ROV system populates the fleet’s low-cost Mine Neutralization
Vehicle (MNV) inventory at approximately $35,000 per copy. SeaTrepid will emulate in
software many of the components of that system while using volume production, simplification
and higher efficiency components with a simple chassis change from the inspection system on a
cost-plus basis to deliver a low-cost MCM ROV for a target price of $10,000 per system.
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I. Discussion of the Program
A. Previous NAVSEA ROV Evaluation
With the heightened security concerns in the aftermath of September 11, 2001,
NAVSEA foresaw a need for increased security at shipyards. The underwater
surveillance requirements were taxing US Navy security divers. NAVSEA
determined routine security swims could be undertaken effectively with small ROV
systems.
The clear winner of this evaluation in price and performance was the Outland 1000
ROV system from Outland Technology, Inc. of Slidell, Louisiana. This system tested
features a four thruster configuration with brushless digitally controlled 1/4
horsepower thrusters built by Tecnadyne in San Diego, CA. The later modifications
in October 2002 featured a better control matrix, better functionality, a more
simplified design and 1/3 horsepower thrusters. As the Outland 1000 stands today, it
is the best price-performance observation class ROV system in the world.
B. Purpose of This Brief
The purpose of this brief is to propose a modification to make this system smaller,
faster, cheaper and better deliverable in a short timeframe as a fleet
Inspection/Security ROV system. An additional aspect of this brief is the proposed
porting of the components for the inspection class ROV into a mine countermeasures
chassis to produce a very low-cost yet highly maneuverable MNV.
C. The ROV Drag Curve
In order for a detailed discussion of ROV development to occur, a brief review of the
ROV problem is warranted. ROV thrusters produce thrust to overcome the drag
produced by the tether and the vehicle. The drag on the ROV system is a measurable
quantity derived by various hydrodynamic factors. In the USA, the Marine
Technology Society publishes a formula for drag produced by an ROV system based
upon the formula:
Vehicle Drag = 1/2 x s AV² Cd
Where
s = density of sea water/gravitational acceleration
density of seawater = 64 lb/ft³ (1,025 kg/m³)
gravitational acceleration = 32.2 ft/sec² (9.8 m/sec²)
A = Characteristic area on which Cd is nondimensionalized. For vehicles, it is usually
the cross sectional area of the front or the volume of the vehicle to the 2/3 power. For
cables, it is the diameter of the cable in inches divided by 12 times the length
perpendicular to the flow. For ships, it is the wetted surface.
V = Velocity in feet per second [(1 knot) = 1.689 feet/second]
Cd = Nondimensional drag coefficient. Cd is in the range of 0.8 to 1 based on the
cross sectional area for most vehicles. Cd is in the range of 1.2 for unfaired cables,
0.5 to 0.6 for hair faired cables and 0.1 to 0.2 for faired cables.
Total drag is equaled to the vehicle drag plus the tether drag. Therefore,
Total Drag = 1/2 s Av V² Cdv + 1/2 s Au Vu² Cdu (where v = vehicle; u = umbilical)
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As an example, suppose a vehicle is being station-kept at 1 knot (1.9 km/hr) in 1,000
ft (305 m) of water. Suppose further that the cable is hanging straight down and there
is a float on the surface and a weight on the bottom of the umbilical. Assume further
that the umbilical drag from the ship to the float is small and the drag on the umbilical
from the weight to the vehicle is small. Other data:
Umbilical diameter = 1 inch
The frontal projected area of the vehicle = 16 square feet
Then:
Vehicle drag = 1/2 X 64/32.2 x 16 x (1.689)² x 0.8 = 36 pounds
Umbilical drag = 1/2 x 64/32.2 x (1/12 x 1000) x (1.689)² x 1.2 = 284 pounds
This simple example shows why improvements in vehicle geometry do not make
significant changes to system performance.
D. December 2004 USCG Procedures Trials
In December 2004, SeaTrepid evaluated a total of six ROV systems for the US Coast
Guard on the West Coast of the USA for usage in Port and Harbor Security. The
systems tested and the results of those tests are attached as a supplement to this brief.
The systems tested and derived drag curves for these systems are within the
supplement. Below is the summary:

Size Comparison Between ROV Systems Tested
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Here are the systems tested during procedures trials (without specific names) with
their accompanying dimensions:
System and
Parameter
Depth Rating:
Length:
Width:
Height:
Weight in air:
Number of Thrusters
Lateral Thruster
Approx. Thrust
Tether Diameter
Rear Camera
Side Camera
Generator Req.

Small
ROV A
330 ft.
10 in.
7 in.
6 in.
4 lbs.

Small
ROV B
500 ft.
14 in.
9 in.
8 in.
8 lbs.

Small
ROV C
500 ft.
21 in.
9.65 in.
10 in.
24 lbs.

Medium
ROV A
1000 ft.
18.6 in
14 in
14 in
40 lb

Large
ROV A
500 ft.
24 in.
15 in.
10 in.
39 lbs.

Large
ROV B
1150 ft.
39 in.
18 in.
18 in.
70 lbs.

3
No
2 lbs.
.12 in.
No
No
1 kW

3
No
5 lbs.
.44 in.
Yes
No
1 kW

4
Yes
9 lbs.
.30 in
No
No
1 kW

4
No**
12 lbs.
.35 in.
No
No
3 kW

4
Yes
25 lbs.
.52 in.
No
No
2 kW

4
Yes
23 lbs.
.65 in.
No
Yes
3 kW

** - Medium ROV A possesses lateral thrusting capabilities due to offset of vertical thrusters

Here are the approximate net thrust (positive forward thrust versus total system drag)
curves at .5 knot, 1 knot, 1.5 knot and 2.0 knots for the above systems:

Drag Curves of Systems Tested at .5 Knot
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Drag Curves of Systems Tested at 1.0 Knot

Drag Curves of Systems Tested at 1.5 Knots
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Drag Curves of Systems Tested at 2.0 Knots

The net thrust is shown here with the horizontal line representing zero net thrust. All
points below this line are negative net thrust causing the vehicle to lose headway
against an oncoming current. Note: these tether lengths represent theoretical crosssection drag for a length of tether perfectly perpendicular to the oncoming water.
Vehicle drag assumes a perfectly closed frame with the dimensions in the above table
for the respective system. As the tether cross-section presentation changes, the drag
curve will vary exponentially.

Tether Cross-Section Drag Increases as Presentation Changes

The obvious message from this data is that the tether drag on the vehicle is the largest
factor in ROV deployment and usage. The higher the thrust-to-drag ratio and power
available, the better the submersible pulls its tether to the work site.
Inherent in any tasking expectations for a security ROV system is the clear need to
develop a coherent “Threat Definition” to avoid wasting time on items that are not
significant security risks. Tasking questions include: “Is it necessary to do a full hull
inspection or can we limit our search to running gear/sea chests? Are we looking for
a 1-pound pipe bomb or a 55-gallon drum filled with toxic substances?” The answers
to these questions will determine the approach to a security inspection. Threat
definition is not within the scope of this brief.
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For a MCM ROV system, the reluctance to cut the cable and abandon the vehicle is
directly proportional to the cost of the system (the higher the cost the higher the
reluctance). With a low-cost and highly functional domestically produced MCM
ROV system costing less than 1/3 the price of the currently-used system, the fleet can
suffer three loss/abandonment cases and still be ahead from the loss of just one
SeaFox.
E. Strategy for Lowering the Cost of the Fleet ROV System
A significant cost savings can be achieved by emulating the function of many of the
ROV components in software operated from a common laptop computer. The basic
component layout of an ROV system is as follows:

Through the usage of software, the specially built control box housing the monitor,
power supply and controller will be eliminated and replaced with a low-cost waterresistant stainless steel housing for the power supply easily transportable by one man.
The monitor will be replaced by a computer screen (already needed for running the
sonar and positioning software) while the proprietary controller will be replaced with
a standard PS2 gaming controller.
The departure from closed architecture proprietary designs towards open architecture
industry driven standards will allow for infinite customization in the field with
inexpensive off-the-shelf components. With the usage of standard industry
components, common knowledge and skill sets will ease the training requirements for
ROV technicians thus further lowering the cost to the USN.
With the weakening US Dollar, foreign-manufactured systems are getting more
expensive by the day. With domestic design, engineering and manufacturing of all
aspects of this ROV system, we bring home jobs, maintain the control of the program
and increase the usage/capabilities of the USN through higher usage from lower peroperation costing.
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F. The Development Team

Primary Contractor

Software Support

Outland Technology
ROV Engineering

Primary Contractor – SeaTrepid (Pottstown, Pennsylvania)
Bob Christ, SeaTrepid’s Principal, co-founded VideoRay in 1999 (manufacturer of
small ROV systems for the military and commercial markets) and pioneered the
usage of small ROVs in port and harbor security tasks. Mr. Christ (44 years of age)
has a B.S. in Aviation as well as a B.S. in Accounting from Louisiana Tech
University in Ruston, LA. Mr. Christ is an ATP-rated aircraft pilot as well as a
Certified Public Accountant (Louisiana certification inactive). SeaTrepid’s core
competencies are operational implementation of ROV systems, training,
documentation and technical support.
SeaTrepid References:
Ken McDaniel – US Coast Guard (G-OPD) at (202) 267-1505
Steve Van Meter – NASA (KSC) at (321) 867-7287
Software Support – American Standard Robotics (St. Petersburg, Florida)
ASR’s president and founder, Mark Micire (29 years of age) has a M.S. in computer
science from University of South Florida in Tampa, FL. American Standard
Robotics, Inc. develops, markets, manufactures, and distributes robots and sensors
designed to aid in hazardous environments.
ASR References:
Craig B. Cooper – NOAA Undersea Research Center at (305) 451-0233
Brian Weiss – National Institute of Standards & Technology at (301) 975-4373
ROV Engineering – Outland Technology, Inc. (Slidell, Louisiana)
The principal officers in Outland are Charles “Chuck” Daussin and George “Buddy”
Mayfield. Daussin (58 years of age) has a B.S. in electrical engineering from
Louisiana State University and Mayfield (56 years of age) has a B.S. in Engineering
from Century University. Outland Technology Inc. was established in Gretna,
Louisiana in 1984. From inception, the company's goal has been to design and
manufacture a broad range of high quality video and audio products using high
volume components adapted for specific applications. The company’s ROV product
line has been adapted to the military marketplace with the US Military as a rugged,
simple and useful solution to its underwater inspection needs.
OTI References:
Ken Nelson - US Army TACOM at (309) 782-1021
John Dudinski – US Navy Panama City at (850) 235-5580
G. Strategy for Rapid Development of Production Prototype
The new fleet ROV system will be built based upon the current Outland 1000 ROV system
design. This system is currently produced and in use with the US Military as well as
commercial operators. Under its current configuration, the Outland 1000 has a four-thruster
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1/3 horsepower arrangement with limited camera coverage.
From recent work with small ROV systems in Port and Harbor security, SeaTrepid as well as
the US Coast Guard has determined that a three-thruster design configuration is sufficient to
maneuver an ROV system to any needed location for inspection tasking. With extra camera
coverage around the vehicle, elimination of the fourth thruster can be gained so as to allow
for weight, size and cost savings to benefit the overall cost-efficiency of the delivered unit.
Further, the size of the vehicle can be reduced while maintaining the same horizontal thruster
configuration allowing for better performance, greater distance offset to target and easier
handling of the system. With a design refinement by Tecnadyne of the 1/3 horsepower
thruster currently used on the Outland 1000, the power output can be increased to ½
horsepower while simultaneously lowering the cost of the production thruster system. A
further propeller modification will allow equal forward and reverse thrusting for better
maneuvering.
Specific modifications to the current Outland 1000 design to increase
performance and lower production costs on the inspection vehicle are as follows:
-

Change from a four thruster to a three thruster configuration shrinking the chassis
size by 25%
Adapt a ½ horsepower thruster design further increasing power available for
maneuvering the vehicle
Eliminate one of the forward cameras and increase camera coverage to a four
camera configuration while maintaining a single channel of video through the
coax (video overlay on the vehicle) for two simultaneous video feeds
Eliminate the entire control box and emulate through software
Change from closed proprietary communications architecture to open source
Change to Ethernet communication protocol to enhance data throughput
Engineer universal underwater connectors to allow for interconnectivity between
components
Injection mold as many parts as is possible so as to lower the marginal cost of
production
Adapt fiber optic communications to increase bandwidth while lowering the
amount of heavy conductors in the tether so as to shrink the tether size
considerably [increasing performance through lowering of the drag coefficient]
Specific modifications to produce a MCM ROV system from the above design:

-

Change the chassis to a MCM inexpensive torpedo shape molded plastic housing
Switch to a lower cost thruster arrangement since lifetime motor requirements are
lower
Transfer the vehicle power source from surface power to onboard inexpensive
batteries mounted aboard the vehicle
Adapt an unshielded [or lightly shielded] fiber optic communication link as the
tether
Lower the camera coverage to a single fixed camera
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H. Timeframe to Delivery of Various Phases
This program is divided into four distinctive phases:
1) Development of Production Prototype
2) Tooling Up for Production, Production and Fleet Delivery
3) Training and Documentation
4) Servicing and Fleet Support
Development of Production Prototype – This phase will be accomplished within eight
months of contract award. SeaTrepid proposes to split this phase into two separate
concurrent contracts for each the MCM and the inspection ROV systems.
Tooling up for Production, Production and Fleet Delivery – SeaTrepid will team with
an ISO 9001 certified production facility conveniently located near USN facilities for
production, spares depot, servicing and testing of potential modifications. Timeframe
to delivery of line units from the completion of the production prototype will be six
months. SeaTrepid anticipates the first deliveries of line units within four months of
production start in order to make fleet systems available within one year of contract
award.
Training and Documentation – SeaTrepid has an experienced staff trained in all
aspects of ROV operations, documentation and support. The production systems will
be deployed with full training accomplished as the systems meet the users in the field.
Servicing and Fleet Support – SeaTrepid will co-locate the service and support depot
with the production facility so as to allow for ongoing spares stocking matched with a
skilled labor pool to service any problems encountered. With a 24-hour service and
support line, SeaTrepid will rapidly react to any field issues encountered from
extended usage of this equipment. This capability will be in place as the first
production systems are delivered to the fleet.
Within 14 months of contract award, the US Navy will have a fleet ROV system
delivered with training and support services.
I. Life Cycle Costing of Entire Program
Phase I - Development
The proposed funding vehicle for the development phase of the inspection ROV
program will be the US Navy’s “Tech Solutions” program. This method allows for a
maximum program funding of approximately $400,000. SeaTrepid proposes to
separate the inspection and MCM vehicles into two separate yet concurrent
development contracts to properly fund this program and share development tasks
between vehicles. Since the inspection vehicle is a very simple repackaging of an
existing commercial product, the inexpensive “Tech Solutions” funding vehicle will
suffice. For the MCM ROV system, some basic R&D will be required advancing the
degree of engineering risk. Accordingly, SeaTrepid has placed some additional
budgeted costs to take account for the “Unknown” factors involved with that
engineering risk. The target price for the MCM system is $10,000 per unit subject to
NUWC Program Manger decisions. Costing by category is as follows:
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Development of Production Prototype for the Inspection ROV System:
$225,000 Hardware Modification of Outland 1000
$125,000 Development of Front-end Software for Control Integration
$15,000 Local, Water Tunnel and Field Testing
$35,000 NUWC Program Manager
Development of Production Prototype for the MCM ROV System:
$425,000 Hardware Modification of Above Design
$50,000 Development of Front-end Software for Control Integration
$65,000 Local, Water Tunnel and Field Testing
$35,000 NUWC Program Manager
$975,000 Total Program Development Cost Spread Over Two Contracts
Phase II - Production
The production will be performed at an ISO 9001 certified production facility located
near USN facilities for easy delivery, testing and support of fleet requirements.
Approximate Production Costs of Inspection ROV System:
$125,000 Tooling Up for then Production of Inspection System
$5.4 mil 350 units at $15,500/unit
$5.5 mil

Approximate Cost to Deliver 350 units to the Fleet

Approximate Production Costs of MCM ROV System:
$125,000 Tooling Up for then Production of MCM System
$2.0 mil 200 units at $10,000/unit
$2.1 mil

Approximate Cost to Deliver 200 MCM units to the Fleet

Phase III – Training and Documentation
Assumptions for the development and delivery of training to the fleet on-location are
as follows:
Approximate Initial Inspection ROV Training Cost - 10 locations at 3 days/session:
$85,000 Development of Training Materials
$45,000 30 days Training Personnel Cost at $1,500/day
$20,000 Travel and Living Expenses
$150,000 Approximate Cost to Train for Initial Inspection ROV Fleet Deliveries
Approximate Initial MCM ROV Training Cost - 4 locations at 3 days/session:
$55,000 Development of Training Materials
$18,000 12 days Training Personnel Cost at $1,500/day
$10,000 Travel and Living Expenses
$83,000

Approximate Cost to Train for Initial MCM ROV Fleet Deliveries
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Phase IV – Ongoing Support
The ongoing support of the Fleet systems will be maintained from the production
facility conveniently located near USN facilities so as to easily support any
operational issues arising from extended use. Ongoing support is maintained on a
support contract gauged to the value of the delivered system on an increasing cost
scale as the systems age. The life expectancy of a fleet ROV inspection system is
five years. The life expectancy of a MCM ROV system is less than one year and
should not require support coverage.
Time Period
Year 1
Year 2
Year 3
Year 4
Year 5
Total Support

Support %’age
10%
15%
18%
20%
24%

Inspection ROV
$542,500
$813,750
$976,500
$1,085,000
$1,302,000
$4,719,750

MCM ROV
N/A
N/A
N/A
N/A
N/A
$0

Total Life Cycle Costs
The life cycle costs for this entire program is summarized as follows:
Cost Category
Prototype
Production
Training

MCM ROV
(200 units)
$575,000
$2,125,000
$83,000

Inspection ROV
(350 units)
$400,000
$5,550,000
$150,000

Total
$975,000
$7,675,000
$233,000

II. SUMMARY AND CONCLUSION
This program fits in with the US Navy’s UUV Master Plan (updated November, 2004) in both
letter and spirit. This is a quick deployment of COTS technology based upon evolving
capabilities. This program features mission configurable components delivered quickly to the
field with minimal development, production and support requirements in a useful and simple
fashion.
This program is designed to significantly reduce costs and risks of existing capabilities while
bringing the development, production and support for this equipment to a US-based contracting
facility.
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