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Abstract 
 
Octopus and Whale are the two ROV’s constructed by the Desert Vista High School Atlantis 
Robotics team for the 2009 National Underwater Robotic Challenge, which will be held in 
Phoenix, Arizona, on June 12th-14th. The team ROV’s are built on an analog switching-based 
control system, without the use of microcontrollers or speed controllers for optimal performance 
and reliability. Other components of both ROV’s are more complex; the imaging and 
navigational assistance system relies on a wide variety of software and hardware to perform 
image manipulation and analog-digital conversion. All components were off-the-shelf and 
readily available to the general public, although some were obtained as spares from the 
classroom or the lab. Although the team did run into some difficult technical problems, with the 
assistance of Mr. Dan Zavaleta and Mr. Dave Zavaleta, all were overcome. It is only the first 
year that Desert Vista High School has participated in this competition, however, and so the team 
is both excited and anxious for the results of the upcoming competition and the challenges of 
next year. 
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Team Biographies 
 
Kelsey Booth graduated from Desert Vista High School this May. She will be attending Barrett 
Honors College at Arizona State University and plans on studying electrical engineering at the 
Fulton School of Engineering. While at Desert Vista, Kelsey was the Technical Director for the 
Desert Vista Orchestras, a position she has held for three years. In addition to this technical 
experience, she also coordinated the lighting design for various dance productions. Among these 
activities, Kelsey played cello in the Desert Vista Symphony and Chamber Orchestras, the North 
Central Region Honor Orchestra, the Southwest Youth Symphony, and the Metropolitan Youth 
Symphony. Furthermore, Kelsey is a National Merit Scholar; she has also been awarded the ASU 
National Merit Finalist Scholarship and the Ruth Ann Page Memorial Scholarship. 
 
Dominic Chen is a rising senior at Desert Vista High School. He is involved in numerous clubs 
and activities, including the BattleBots Robotics, Science Olympiad, and Academic Decathlon; 
he is co-captain of Desert Vista’s Academic Decathlon team. Dominic is also an avid clarinetist 
and has participated in both the ABODA North Central Region and ABODA All-State Bands; he 
has also had the honor of performing at Carnegie Hall with the Desert Vista Wind Ensemble in 
spring of 2008. Outside of school, he is a member of the Governor’s Youth Commission and is 
Co-President of the Student Council at his Chinese school. He is a CompTIA A+ certified 
technician and hopes to pursue a career in Computer Science in the future. 
 
Elaine Rhoades is a rising senior at Desert Vista High School. She is involved in numerous clubs 
and activities, including the Desert Vista Thunder Marching Band, the Concert Band Ensembles 
(primarily the Wind Ensemble), Students for the Advancement of Gifted Education (SAGE), and 
BattleBots Robotics. She is an avid musician, playing piano, flute, and French horn. In addition, 
she is a fantastic scholar, maintaining a 4.0 GPA for three years. Outside of school, she is an 11-
year Girl Scout and a holder of both the Girl Scout Bronze and Silver Awards. She hopes to 
pursue a career in space physics after high school. 
 
Nicholas Selby is a rising sophomore from Desert Vista High School. He hopes to pursue 
engineering as both a college major and career choice. In order to aid his academic journey, he 
enrolls in activities such as robotics competitions because, “this is how my mind works.” 
Nicholas is involved with several clubs at Desert Vista, including the Engineering club, the 
Speech, Theatre, and Debate Company, Students for the Advancement of Gifted Education 
(SAGE), Key Club, and E: 4 Anatomy. Nicholas is also an avid scholar, completing his freshman 
year with an overall 4.0 GPA and an Academic Letter. He has also won various awards, 
including the Certificate of Honorable Merit in Latin, 1st Year Thespian, the AIA Scholar Award, 
and numerous medals as a part of his participation in the finals in Speech events at tournaments 
and State Semifinals. 
 
Dan Zavaleta is the Engineering and Technology Department Chair at Desert Vista High School. 
He has been teaching for 27 years in the technology field, and has taught at Desert Vista since it 
opened in 1996. 
 
David Zavaleta is a retired engineer for General Motors. He has worked with high school 
students for 25 years on various projects. 
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Research 
 

·  ROV’s were first developed in the 1960s under the funding of the US Navy 
·  The first ROV to ever launch on an official mission was called CURV, and its function 

was retrieving a nuclear bomb lost at sea 
·  Their most practical current use is that in gathering oil from off-shore sites 
·  If not used for the gathering of fossil fuels, ROVs are usually tasked under three main 

categories: 
o Construction: built for buoyancy and stability, these monsters are used to 

transport and apply tools where they are needed deep in the ocean 
o Military: made to be cheap but pressurized, these quickly built sacrifices 

detonated enemy mines up to 3000’ deep 
o Scientific: many progresses from deep sea animals to environments have been 

discovered with these delicate wonders 
·  ROVs such as Ventana work on examining canyon walls off the coast of Monterey Bay 

in California 
·  ROVs exist because they are the cheapest  and safest underwater intervention machines 
·  Although it served no logical purpose at the time, the first tethered ROV, named 

POODLE, was developed by Dimitri Rebikoff in 1953 
·  An ROV is defined by the National Research Council Committee as an “underwater 

robot that allows the vehicle's operator to remain in a comfortable environment while the 
ROV performs the work underwater” 

·  ROVs can be made as small as a breadbox. Such robots are called flying eyeballs and 
cost anywhere between $10,000 and $100,000 

·  Lower-cost ROVs are for marine recreational use only 
·  Purely electrical ROVs are still developing and are quite recent technology 
·  Modern arms used in ROVs can maneuver 4,410 pounds of force and frames that can 

support 11,025 pounds 
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Project Organization 
 
Each member of our team has unique talents, expertise, and responsibilities that contribute to the 
team.  All team members competing in the competition have a basic understanding of all robot 
and control systems.  The main responsibilities of each team member are as follows: 
 
Kelsey Booth: Captain, Pilot, Systems Tech (control), and Design 
Dominic Chen: Manager and Systems Tech (electronics and computers) 
Elaine Rhoades: Design and Practice Organization 
Nick Selby: Co-Captain, Pilot, and Systems Tech (robot) 
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Methodology 
 
The methodology for this project consisted of four steps. The first step was to research 
underwater ROV design both in the NURC competition and in industry.  The team watched 
videos and read previous tech reports.  The second step consisted of creating a prototype ROV 
and testing the prototype.  The third step consisted of designing the competition ROVs based on 
experience and research from the first and second steps.  The team constructed two ROVs for the 
competition.  The fourth and final step was to create props similar to mission props and practice 
with the ROVs. 
 
During step one the team watched the teaser and mission videos.  The team also studied the 
sketchup models of the mission props. Based on this, research was conducted into ROV design 
for competition as well as design for research and commercial uses.   Initial designs were drawn 
up.  The team discussed many ideas and decided which ones to consider. 
 
During the second step the team decided on a basic design for the prototype ROV.  This 
prototype ROV was a rectangular shape with a cross piece in the middle for the propellers (fig  ). 
The two black and white security cameras that were available were mounted to the bottom of the 
front and the top of the front.  The top camera was angled up to aid in finding a teammate when 
returning to the surface (fig  ). After creating this ROV we tested it in a diving pool.  During 
testing we discovered several issues, which were addressed in the next step (see Failure 
Analysis). 
 
For the third step we designed and built the competition ROVs.   We decided to use two ROVs 
for the competition because of the time constraints and difficulty in keeping track of where the 
ROVs are within the mission setup.  The main robot is a small octagon, which can move easily 
and pass through the glacial tunnel.  Due to time constraints for building the ROVs we decided to 
modify our prototype ROV to use as the second. This ROV is designed to collect the core 
samples and bioluminescent bacteria samples while the main ROV completes the rest of the 
tasks.  This second ROV’s dual mission is to provide a birds eve view of the field and the main 
ROV. 
 
The fourth and final step is to determine the order of the tasks to complete and decide how we 
will complete the tasks.  During this step we determined the competition timeline for each of our 
two ROVs. The team then practices together until we can complete the mission in less than 30 
minutes. 



 8 

Failure Analysis 
 
There were several failures that occurred during ROV development” 
 

Camera Housing Leaks 
 
The camera housing leaked from several seals including the back, front lens, and the rear plug. 
We redesigned the camera housing for the octopus robot. For the original robot we covered all 
seals with silicon to prevent leaks. 
 

Loose Propellers 
 
We decided to tighten the propellers before each practice and the competition after having them 
fall off several times during practice. 
 

Buoyancy 
 
We decided to open the ROV frame and only use buoyancy tubes at the top to improve stability. 
By having the lift at the top and the weight at the bottom the ROV is unlikely to flip over. 
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Performance Evaluation  
 
The team had the opportunity to test the ROVs in pools on multiple occasions to ensure that all 
components of both ROVs functioned well in both chlorinated and saline water. When the robot 
and all associated equipment was prepared, placed and ready for the test, the Atlantis ROV was 
flung into the pool.  
 
Buoyancy was our first challenge. The intricacy of the skeleton allowed for even slight 
misapplications of the PVC cement to become detrimental leaks. When left in for even a period 
of 30 seconds, the robot would begin tilting drastically. During our first test, both camera 
housings leaked. The additional water in those casings further threw off the buoyancy. Once the 
casings had been drained and the cameras dried out, we tested the ROV again. Our next problem 
was that the robot was taking too long to become neutrally buoyant. To fix this, we drilled eight 
holes on the top of the ROV’s framework, which allowed it to take on water faster and thus 
become neutrally buoyant faster. We then added sealed PVC pipes to the top of the ROV placing 
all of the air at the top and weight at the bottom to create a more stable ROV. 
 
Our second, octagon ROV performed much better than it’s larger counterpart. This ROV can 
move much faster and turn easily. While the camera housings held on this ROV, the light 
housings did not. The light housings leaked, causing the same buoyancy issues experienced with 
the original ROV. 
 
One problem we experienced with both ROVs is a difficulty in figuring out where the ROV is in 
body of water. To help our pilot keep some perspective of where the ROV is within the pool, we 
decide to have our prototype (larger) ROV observe the main octagonal one to provide a third 
person perspective. 
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Detailed Design and Design Implementation  
 
The basic design of these robots consists of a PVC pipe frame with mounts for the propellers, 
cameras, and lights. A tether runs from the ROV with the camera lines and the power cables for 
the motors. Since we decided to use the motors for both forward and reverse, we have a separate 
ground for each. 
 
 Our depth and temperature sensors will be strapped to the frame where they are visible to the 
camera. 
 
The frame is glued together using the Blue pipe glue, which is waterproof and very strong. This 
enables us to have a strong and watertight frame. Although we decided to fill the frame and just 
use flotation at the top, the watertight seal was important for the floats on top. 
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Imaging and Navigational Assistance System 
 
The imaging and navigational assistance system makes use of two bullet-style color security 
cameras, connected to the robot via two composite cables. These directly interface with the 
computer via a Hauppauge ImpactVCB video capture cards, allowing for digital manipulation of 
the video input on the computer. The Dell Optiplex runs both Ubuntu Linux and Windows XP 
Professional, allowing for a range of manipulations to be performed. These include 3d 
stereoscopic transformation with red-cyan anaglyph, which can be performed using a number of 
freeware and commercial utilities, including but not limited to Stereoscopic Player, Stereoscopic 
Multiplexer, GraphEdit, Stereo Movie Player, Sentinence, and DScaler. On Windows, the 
capture card interfaces with the operating system via the provided WinTV application, while on 
Linux the capture card is driven by the bt878 Video for Linux driver in combination with 
MythTV, VLC, ffmpeg, xawtv, and others. A client-server architecture via crossover cable is 
also being explored, as well the addition of an ATI All-in-Wonder capture/tuner card powered by 
drivers and software provided by the GATOS project for additional video inputs and additional 
xserver/monitor outputs. 
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Mission Strategy 
 
The task of the robot is as follows: 
 
·  Free the anchor of the research ship 
·  Manually activate the emergency ascent device on the damaged ROV 
·  Turn on remote sensing station work lights 
·  Re-attach the broken mooring of the remote sensing station 
·  Retrieve a scientific package from the remote sensing station 
·  Deliver a new scientific package to the remote sensing station 
·  Retrieve a glacial core sample from a tunnel bored into the glacier perpendicular to a 

region of turbidity currents below the glacier, before glacial collapse. 
·  Measure the depth of the opening to the tunnel where the glacier core sample is to be 

retrieved, before glacial collapse. 
·  Measure the temperature of the newly created volcanic vent. 
·  Record the sound of the volcanic vent 
·  Retrieve core samples from iceberg 
·  Retrieve bioluminescent bacteria samples from iceberg 
 
These tasks will be performed in the following ways: 
 
o Two team members will possess tasks involving the piloting of the ROV. A main 

Captain/Pilot will perform most of the trials lifted above, and a copilot will complete 
those that the pilot may struggle with. The larger ROV will be in charge of completing 
the tasks and providing a first-person perspective while a smaller, observatory ROV will 
provide a third-person perspective. 

o The anchor will be removed by blunt force. A simple push should be sufficient. 
o The emergency ascent device will be activated via a swift draw of a pin by the metallic 

extension arm. 
o The remote sensing station work lights will be effortlessly switched on with a flick of the 

arm. 
o The broken mooring will be born in the arm to the remote sensing station. 
o The lost scientific package will be retrieved in the grasp of the arm.              
o When the previous package is brought to the surface for retrieval, the new package will 

be hand-delivered to the ROV, which will then transport it to the desired location. 
o Like lost scientific package, the glacial core sample will be carried out of the tunnel by 

the arm on the ROV. Maneuverability through the cavern will be uncomplicated. 
o Depth measurement will be achieved via the use of a submergence data processing 

machine. 
o Temperature will be sensed with a temperature sensor. 
o The sound will be recorded with a microphone and the open source program Audacity. 
o The iceberg core samples and bioluminescent bacteria samples will be retrieved in the 

same manner as the lost scientific package and glacial core sample: with the arm. 
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Procedures 
 
1. Unload cart and storage boxes from truck and place them in assigned spot 
2. Plug computer into power strip 
3. Place batteries in metal frame 
4. Meter batteries 
5. Connect power wires from switchboard to battery 
6. Untangle umbilical cord 
7. Turn on computer 
8. Connect Plug 1 from control panel to umbilical 
9. Connect Plug 2 from control panel to umbilical 
10. Flip on master power 
11. Make sure video and sound works 
12. Check Left Propeller 
13. Check Right Propeller 
14. Check Vertical Propeller 
15. Carefully place the ROV into the water 
 
If video or audio is lost… 
1. Check battery connection 
2. Check Master Power connection 
3. Check power strip connection 
4. Check umbilical connection 
 
If horizontal propeller fails… 
1. Power the ROV to the surface with vertical propeller and replace 
 
If vertical propeller fails… 
1. Hoist ROV to the surface by the umbilical cord and replace 
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Budget 
 

Item  Quantity  Length  Unit Price  Total  
3/4" PVC Pipe 1  27'  $2.00  $2.00  
750 GPH Bilge Pump from Johnson Pump 6  N/A  $30.00  $180.00  
PVC Pipe Cement (8 oz. can) 2  N/A  $9.00  $18.00  
Bullet-Style Security Camera with Color and 
Audio 

2  N/A  $45.00  $135.00  

Pinhole B/W Security Camera with Audio 1 N/A $40.00 (donated) 
Exide Powerfit 12v Battery 6  N/A  $35.00  $210.00  
18 ga. Stranded 4-wire Trailer Harness with 
connectors 

2  100'  $50.00  $100.00  

18 ga. Lamp wire 2  100'  $40.00  $80.00  
3-way momentary switches 6  N/A  $4.00  $24.00  
2-pole on-off switches 4  N/A  $3.00  $12.00  
Zipties (1000/bag) 2  N/A  $20.00  $40.00  
Silicone 3  N/A  $5.00  $15.00  
Electrical tape 10  40'  $1.00  $10.00  
CRT TV 2  N/A  $180.00  (donated)  
Duct Tape 1  180'  $7.00  $7.00  
Plexiglass 1  18' x 24'  $10.00  (donated)  
LEDs 2  N/A  $1.00  $2.00  
Assorted bag of nuts and bolts 1  N/A  $35.00  $35.00  
6061T6 8in. Thick Aluminum Sheet 1  N/A  $3.00  $3.00  
1.25" Ts, elbows, and 45s PVC joints 10  N/A  $0.60  $6.00  
.75" Ts, elbows, and 45s PVC joints 50  N/A  $0.60  $29.00  
Dell Optiplex 1 N/A $400.00 (donated) 
Hauppauge ImpactVCB Video Capture Card 1 N/A $50.00 $50 
Dell Latitude 600 1 N/A $300.00 (donated) 
Dive Lights 2 N/A $20.00 (donated) 
Total        $958.00  
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Electrical Schematics  
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