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The Falcon Robotics Remotely Operated Vehicle Team designed an ROV 
that uses four innovative technologies. These innovations create a vehicle that is 
very agile, flies true to command, is programmable, and utilizes the surrounding en-
vironment in the operation of the vehicle.  

The first of these technologies addresses agility. The vehicle is tethered 
through an extremely small diameter fiber optic cable, allowing for tremendous ma-
neuverability with minimal restriction of movement. The fiber optic cable also deliv-
ers a superior video image, with no noticeable video degradation for a distance of 
3200 meters.  

The second technology is a three axis, auto pilot, navigational chip. This chip 
is used to help the ROV fly true to the pilot’s joystick commands. This gives the pi-
lot much more fine motor control.  

The third technology is an Innovation First robot control system. This is a 
fully programmable control system that comes with relays and motor speed control-
lers. The system can also display control data via a computer, so diagnostics are very 
easy. 

The fourth technology is an 
open hydraulic system. The system 
intakes the surrounding water and 
pressurizes it to operate a hydraulic 
cylinder that moves a manipulator 
and then expels the water back into 
the environment. By avoiding the 
use of oil or other non-water liquids 
in a closed hydraulic system, there 
is no possibility of leaking contami-
nants into the environment.    

The Falcon Robotics ROV 
team will demonstrate the four tech-
nologies that were used in the de-
sign and operation of the ROV at 
the 2005 MATE/MTS National 
ROV Championships. 
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 The team decided to create an ROV that 
would be operated by three thrusters. Two are 
for horizontal movement and one is for vertical 
movement. The two horizontal thrusters oper-
ate independently so the ROV is capable of 
turning, spinning, and moving forward and 
backwards. The vertical thruster operates to 
move the ROV vertically. The motors are 12v 
DC brush motors from Customized Innovative 
Motors (CIM) in China, which have been 
housed in a 3 inch ABS plastic tubes with me-
chanical seals that keep the water from leaking 
into the motors. The frame of the ROV is made 
of extruded fiberglass from Creative Pultru-
sions. The fiberglass is not quite neutrally 
buoyant, falling on the negative side. The fiber-
glass is durable and comes in many shapes and 
sizes and is easy to work with. The choice of 
this material came from the team’s previous 
experience with the ROV “Stinky”. “Stinky” 
had nearly all the wiring inside its PVC frame, 
which was convenient as  the wiring was  safe 
from getting caught on anything. However, it 
was very hard to make changes after it was 
done because the wiring was not readily acces-
sible. The wiring could not be changed without 
a lot of hassle. This year's ROV has the wiring 
tucked into the fiberglass corners. The ROV 
has a 12volt, 27 amp/hr, onboard sealed lead 
acid battery that provides power to the ROV. 
The battery is very close to all the electrical 
systems and that allows minimum voltage drop. 
Having the battery onboard gives the ROV the 
ability to have the thinnest tethering cable pos-
sible because the cable going topside is  used 
only for control signals and video.  

Sealed Lead Acid Battery 
12v 27 amp/ hr 

Fiber optic 
tether 
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 Last year the team used a 15 element 
tether. This year we worked to improve upon 
that so we went to a fiber optic cable. This 
was possible because our tether is being used 
only for control signals. The mission parame-
ters helped to form the structure of the ROV. 
The ROV had to fit through a 60 by 60 cm 
hole so nothing could be out of dimension or 
it would not fit. This limited the places where 
we could store components that might be 
needed outside the frame. The robotic claw, 
or grabber, which was to be used for retriev-
ing objects for missions could not retrieve 
objects from inside the robot's frame. We 
came up with a solution to change that by 
equipping the grabber with a pneumatic pis-
ton that was retrofitted to work with a hy-
draulic system. We took it one step further 
and made the hydraulic system open to the 
ocean. The cylinder would extend the claw 
outside and retract within dimension when 
desired. The seepage sample retriever is op-
erated by a well pump that pulls the water 
from a guiding funnel and into a valve sys-
tem that switches in order to retrieve two liq-
uid samples. One valve starts the sample 
gathering, but it may have water mixed with 
it. We then run the pump for a short time in-
terval and the system switches to a new path 
and collects only a pure sample without 
ocean water. A temperature probe is attached 
to the sample retrieving system. Power is run 
to the probe and the pump is run in order to 
move a sample of water across the probe 
where it reads the temperature which is sent 
up to the surface via the fiber optic tether.  

Guiding Funnel 

Retractable Grabber arm 

Pneumatic Solenoids 
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 The team flies the ROV 
using five computer chip cameras 
that have been housed in PVC un-
ions and sealed behind a glass lens 
with an O-ring. One of the five 
cameras is used to drive the ROV 
while the other four monitor the 
ROV’s key features. Inside the 
ROV is a four way digital switch 
that changes which camera signal 
is sent to the surface. We were un-
sure whether the ROV would be 
competing in a dark environment, 
so we equipped the ROV with five 
high-intensity clusters of LED 
lights. The LED lights draw little 
current so they are more effective 
than tradi-
tional light 
bulbs to use 
as dive 
l i g h t s . 
T h e s e 
lights have 
been at-
tached to 
ext ens io n 
cables. To 
waterproof 
the lights 
they were 
submersed 
in clear 
acrylic. 

LED Light Cluster 
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One of this year’s challenges for the team was to have a grabber that retracts and ex-
tends. Due to the operating environment of the mission we had to decide on how to 
operate a pneumatic system underwater. We first tested a pneumatic system under wa-
ter. We found that air would leak from the cylinder, and we were limited in function 
by the amount of air the we can take on the ROV. Buoyancy was also an issue we 
were afraid would be affected. We then considered using a hydraulic system with oil. 
After considering the possible negative effects of using oil, the team  approached the 
idea of using the surrounding liquid in which  the ROV would be immersed.  The 
“ocean” would be the reservoir for the hydraulic system. One interesting potential by-
product is that it doesn’t really matter if the system leaks water into the “ocean”. We 
are essentially using the environment of the “ocean” as part of the ROV’s hydraulic 
system.  We avoided using oils or any substance that might leak and potentially cause 
harm to the “ocean”.  
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· 1 joystick control 
· 3-D glasses 
· Adjustable cameras 
·  Wireless Tether ROV 
· Digital compass 
· Underwater Servos 
· Smaller Motors 
 
  The following are potential  improvements that the Falcon Robotics ROV team thinks would 
make for a better ROV. While the specifics on the improvements will depend on the mission, these are 
just some general ideas.  
 The team  would like to go to one joystick control as apposed to three joystick control. This 
would allow the pilot to do the work of two pilots and save time in completing the missions. It would 
also decrease the amount of operator space needed by personnel to run the ROV.  
 The next item on the improvement list would be the 3-D  glasses instead of monitors for the 
pilot. This would allow for depth perception which is absent in monitors. The 3-D glasses might even 
eliminate the need for two camera angles because the pilot could judge distances. The glasses would 
also free up even more space in the operator area where monitors can be in the way.  
 Having adjustable cameras is another dream of the team. The adjustable cameras would allow 
the team to have fewer cameras to see in multiple locations.  The other benefit would be if the camera 
could zoom in and out to eliminate the need to move the ROV to get closer views, or further away to 
get wider angles.  
 The Wireless tether is a feature that would be very mission dependent. This feature would be 
totally beneficial if the ROV had to do a lot on maneuvering around objects. With a tether buoy at the 
surface that could move to stay above the ROV at all times, an ROV can go around objects that might 
otherwise cause the tether to be wrapped around and risk the success of the mission. This would be pos-
sible if the buoy is free from the operator controls and the communication would be conducted through 
radio signals for both ROV control and video. The buoy could be motorized to follow the horizontal 
path of the ROV that is equipped with a gyro chip that tracks its motions.  The tether could be reeled in 
and out using the programmable controllers and feedback from the vertical motions detected by the 
gyro chip.   
 A digital compass would be great for two reasons. One is obviously so we can know which 
way the ROV is oriented, and two is to track the flight path of the ROV. The data can be tracked by a 
computer topside in the control area. The ROV can then be directed to take the flight path in reverse. 
This would be ideal for exploring areas like caves where navigation is extremely difficult.  
 The team has long wanted to be able to move things on the ROV underwater. They need ser-
vos to do this, but they have had no luck doing this so far. It is something the team knows is out there 
but just hasn’t had time to explore. The ability to move things that the ROV acquires would be ex-
tremely helpful. A multi-jointed arm could be constructed to allow for greater dexterity of a robotic 
ROV arm.  
 The smaller motors  would allow for more room in the ROV to put more components in the 
vehicle, provided that there is not a great power trade off for the smaller size.  
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Troubleshooting, like first aid, is a skill that we want everyone to be proficient in and, 
hopefully, rarely have to use.  To minimize the need for troubleshooting, the Falcon 
Robotics team emphasizes functional design, robustness, maintenance and the accessi-
bility of critical parts.  We also try to have replacement parts for as many components 
as possible.  Unique custom made parts or irreplaceable parts are avoided as much as 
possible.  
 When designing our ROV, we try to build our systems in cohesive, functional 
units.  The hydraulic systems are in their own case, electronics in their own, etc.  All 
sub systems have their own fused power branches.  When a problem arises, the modu-
lar design of our ROV allows for faster diagnostics and minimizes the chance that a 
repair or modification will create a problem in another system. 
 Real time feedback is essential for timely troubleshooting, especially during a 
mission.  Knowing what fuse is tripping or what motor controller is not responding 
while the ROV is underwater allows “on-the-fly” troubleshooting.  The ROV control-
ler is programmed to send feedback to the user via the fiber optic data link.  Real time 
information is necessary for real time corrections. 
 While robust design and real time feedback minimizes the need for trouble-
shooting, problems do occur.  Before diagnosing a problem, students have to be famil-
iar, through training and experience, with how a properly operating system works.  
When a malfunction occurs, students are trained to observe as much appropriate data 
as possible and then to eliminate systems and functions that are working correctly.  
When the problem is localized, they isolate the fault and test it if possible.  (If the 
lights do not work, and it might be a blown fuse, then there would be no voltage at the 
bulb.  If there is voltage at the bulb, then the problem must be the bulb or the ground 
return.  If there is a problem in the return line, then there should be voltage at the 
ground side of the bulb…) 
 It has been our experience that systemati-
cally eliminating what works helps us make a 
timely diagnosis, even when there are multiple 
faults or, the worst, intermittent problems. 
 Modular design, a thorough understanding 
of how a system works, experience in trouble 
shooting and systematically eliminating what works 
leads to timely repairs. 
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 It just so happens that there is some cutting edge tech-
nology being developed by an individual named  Dr. Bill Stone 
in conjunction with NASA for  the purpose of exploring Eu-
ropa. Bill Stone is a great example of a modern day explorer 
who is pushing the limits of human endurance and technologi-
cal ability. He has 11 patents to his name and has  published 
220 papers on a wide range of topics. He has invented many 
tools in his quest for new discoveries. While he was not ac-
cepted as an astronaut for NASA, he still shares the same drive 
for discovery.  

 Bill’s latest invention that supports the mission theme of the 2005 MATE com-
petition is an underground, underwater ROV designed to detect life and to make vir-
tual 3-D maps of the underwater caves. The project is called DepthX. On board this 
Volkswagon -sized ROV is a device that Bill invented that can map underwater caves. 
DepthX will be tested in an underwater cave in 2007 at the source of its inspiration, 
Sistema, Zacaton, 4,500 feet beneath Oaxaca, Mexico. The device will use a sonar-
based technique called simultaneous localization and mapping, which Bill used in 
1998 to create the first 3-D underwater cave map.  
 This technology will be used  on the mission that NASA will send to Europa, 
where the ROV is the third step in a three step process. Landing on Europa is the first 
step, melting through the ice with a nuclear- powered cryobot is the second step, fol-
lowed by Dr. Bill Stone’s DepthX. The ROV will descend 30 miles, propel itself 
around the ocean while mapping the area and sniffing microscopic life forms, then 
send the collected data over an acoustic modem to the cryobot which will then send 
the data to the lander on the surface where it is beamed back to Earth.  

 The ROV will collect samples 500 meters 
down, employing a search method Bill calls 
“hierarchical detection and discrimination.”  It cate-
gorizes all life forms in familiar environments and 
then excludes that information in the extended 
search of the toxic environments. It is akin to using 
a negative to improve  a search parameter. “The 
question is, can you train a robot to look for the 
things that would guide you to the unusual bits of 
life?” Dr. Bill Stone wonders.  
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Many skills were gained during the 2005 MATE 
competition season. Two of the more challenging ones that 
the team experienced this year are the navigational Crista 
IMU gyro chip  from Cloud Cap Technologies, and the  Fi-
ber Optic control tether system from International Fiber Op-
tic Systems.  

  The first new electronic systems is the gyro 
chip that detects x, y, and z axis as well as acceleration. 
The object of the gyro chip is to make the ROV’s move-

ments true to the pilot’s 
commands. Basically, if the 
pilot wants the ROV to go straight then the Crista IMU chip 
will detect the motion of the ROV and send the data of 
those movements to the robot controller aboard the ROV. 
The Robot controller will in turn make comparisons to the 
Pilot’s Joystick commands. The program code in the robot 
controller will then make the needed corrections by trigger-
ing the motor speed controllers to adjust the thrusters to 
match the pilot’s intentions. This will hopefully give the pilot 
more accurate control of the ROV. This process will also be 

helpful in stopping the ROV in a given position in the water as well. If the pilot’s joystick 
commands are to have no movement at all then any drift measured by the ROV should be 
compensated by the gyro chip.   

The second electronic system is our fiber optics system, which serves as this year’s 
“tether”. It allows the robot controller to communicate with the operator controller, or inter-
face. It also allows the ROV to move better in the water, without being hindered or affected 
by the tether practically at all. The challenge with the fiber optic system was that our robot 
interface and our operator interface did not come with a fiber optic connection. We had to 
properly modify the interfacing by finding the correct pin inputs and outputs for our robot in-
terface to be able to communicate with the operator interface via a pair of fiber optic trans-
ceivers. These transceivers can send control data two ways as well as video to the pilot. 
The fiber optic cable is a mere 3mm thick and weighs practically nothing. The Cable is 
spooled up on a garden hose reel and is outfitted with a fiber optic rotating joint.  This allows 
for the garden hose reel to be used without tangling the cable. The tether handler just has to 
real in or reel out cable and not worry about tether management.  
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Tether design is a critical part of the design of an 
ROV.  This year one of our goals was two minimize 
the size of our tether.  In order to do this we decided 
to have a fiber optic cable as our tether.  This 3 mm 
in diameter cable will be a large reduction in size 
from last years 15 pin serial cable. 
 In order to communicate the 2 video sig-
nals and robot controller’s data to the surface and 
back down to the ROV, we had to find a multi-
plexer.  Through the sponsorship of International 
Fiber Systems (IFS)  we were able to acquire a 
VR7220-2DRDT Series multiplexer.  This box 
sends 2 video signals in one direction only, but also 
has 2 data channels that are bidirectional.  It accom-
plishes this by using 2 different colors of light 
(1310/1550 nm) that are higher than our visible 
range (400-700 nm).  One wavelength of light car-
ries the 2 video images while the other wavelength 
carries the 2 data channels. 
 There are many different fiber optic stan-
dards.  The multiplexer fixed our fiber optic require-
ments into a  62.5 multimode cable with ST connec-
tors at both ends.  Optical Cable Corporation spon-
sored us with this need.  They provided 61 m of a 
military tactical cable that is used on the Patriot 
missile.  Not only did it meet our needs for the fiber 
optic requirements but also had a 700 lb tensile 
strength. 
 Picking the right tether is important but so 
is tether management.  To accomplish this we 
bought a rotary garden hose reel.  With this we can 
just reel out some cable or reel it back in.  To keep 
the cable from turning and getting kinked we found 
a fiber optic rotary joint (FORJ).  Princetel was kind 
enough to sponsor us by sending a MJX-155-28.  
The ends of the pigtails coming off of it were termi-
nated to male ST connectors, so we had to use fe-
male ST-ST bulkhead connectors to mate to our 
tether as well as the shorter fiber optic cable going 
to the control panel. 
  

Fiber Optic Rotating Joint 
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 In order to transmit our data from the robot 
controller we called Innovation First, the maker of our 
controller, and found the pinout that is needed to run 
an RS232 serial signal between the robot controller 
and user interface.  It was a standard pinout of 3 to 
transmit and 2 to receive and 5 as ground but required 
us to jumper pins 8 and 9 in order to “trick” it to com-
municate.   
 The multiplexer also had to be configured to 
transmit the RS232 signal.  On the side of the multi-
plexer there are dipswitches that need to be set to the 
protocol of the data being used.  For RS232 it needs to 
have the first pin off and the second pin on.  Both of 
our channels of data are using the RS232 protocol.  
One channel is the robot controller while the other is 
the feedback from the gyro chip. 

 The video portion of the fiber optic was pretty self explanatory.  The multiplexer has 2 BNC 
video connectors on each box.  One important point,  however, is that one box is transmit and one is 
receive when it comes to the video signals.  We used a standard converter to change the BNC connec-
tors to a standard RCA jack.  The video signal then went to a Hi-8 VCR to record the competition.  
From the VCR it went to a video converter in order to use a flatscreen LCD monitor and eventually to 
the monitor.  
 The general overview of the system is that 2 video signals travel uni-directionally while 2 data 
channels travel bi-directionally over a single piece of glass that is the size of a hair.  They are able to do 
this by utilizing 2 different frequencies of light that are outside the human spectrum of vision.  This is 
all accomplished with the use of fiber optic multiplexers, cables, female ST bulkhead connectors, and a 
fiber optic rotary joint. 
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• Boris Innocenti, retired scuba shop owner, Aqua Sports, Phoenix, Arizona 
For Menotoring the team in O-Ring technology and manufacturing fittings 
 
• Innovation FIRST inc., 6611 Interstate 30 west, Greenville, Texas, 75402 
www.innovationfirst.com 
For technical support on robot control system 
 
• Donald Rodocker, President from Seabotix 1425 Russ Blvd, T112D, Sandiego, CA 92101, 
don @seabotix.com 
For technical support and mentoring. Also for tour of Seabotix facilities, Nov. 2003 
 
• Phelps Dodge Corp., Honeywell, Intel, Wells Fargo, Microchip corp. and many individual 
sponsors for supporting the Carl Hayden High School, Science & Technology Club 
 
• Frank Swankoski, Omega Engineering Inc. , Temperature Engineer swan@omega.com 
For thermocouple wire and technical information 
 
• Walt Ahland, Lights Camera Action, 806 W. Impala Circle, Mesa, Arizona 85210-5996, 
sales@lights-camera-action.net 
For technical support and for locating and donating the rov tether 
 
• Karen Suhm, PHD in Physics, former Microchip employee, currently starting her own engineer-
ing firm 
For her technical support in electronics and contagious enthusiasm 
 
• International Fiber Systems Inc., 16 Commerce Rd., Newtown, CT 07460 USA 
For their donation of a fiber optic communication system and  their technical support 
 
• Princetel Inc., Fiber Optics Products,  4 Prince Rd. Suite 209, Lawrenceville, NJ, 08648 
For their donation of a fiber optic rotary joint, FORJ, and technical support 
 

The following companies also donated products and services 
 
Otter Box, Inc., Optical Cable Corp., Pairmate Cable Data Products,  Sea-
con,  Southwest Fastener, Electric Supplying, Fastsigns, Supercircuits, 
Phoenix Tool & Gauge, Scuba Sciences 


