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Abstract 

This is Team 0x27's second year at NURC. For the 2009 NURC competition, Team 0x27 is 

comprised of students from Highland High School and two ASU Engineering students who were 

0x27 high school team members last year.     For 2009, Team 0x27 will enter as a university 

team even though only 2 of the team members are university students.     

 

The decision to enter NURC and start building in 2008 was made 13 days before the 

competition.  The 2008 ROV performed well and resulted in a second place finish in the high 

school category.  The team learned a lot and for the 2009 season has built an improved version of 

the 2008 design.  Planning for the 2009 ROV began 5 weeks before the competition but the 2009 

ROV was built in less than 24 hours with full 3D camera capability but lacking only the sensors 

and the grabber.    Both 2008 and 2009 ROVs will be entered into the 2009 Mission. 

 

Utilizing two near identical ROVs for 2009 is an advantage in terms of: 

¶ Minimizing the learning curve and debug issues related to the new 2009 platform.  

¶ Rapid build of 2009 platform due to familiarity of design and construction techniques. 

¶ Commonality of parts for spares. 

¶ Strategic advantage of splitting the mission tasks between 2 ROVs.  

¶ Redundancy on the mission in the case of failure of one ROV.   

¶ One ROV may assist the other in case of entrapment or entanglement.  

 
2009 ROV 

Previous Robotics Competitions 

Members of team 0x27 have also competed as part of FRC Teams 39 and 2837. Team 0x27 

participated in NURC 2008. 

 



Design Overview 

The design of both ROVs was mostly driven by the limited budget as well as the on hand 

availability of FRC components.  The sensors, thrusters and manipulators had to be made from 

OEM components and not bought as finished units. 

 

For both ROVs, the frame is made from 31.75mm ID (1.25 inch) PVC pipe and fittings.   The 

waterproof housing for cameras and electronics is a Pelican 1450 case. 

Lessons Learned 

Although there were many lessons and techniques learned in the 2008 NURC competition, there 

were only a few worthy of mention this year.    

1. The Scotchcast injection technique using veterinary syringes was improved by putting 

small modeling clay doughnuts around the wires at the low end of the tubing.  This made 

the possibility of a leak much less.  See photo of the injection process under the 

penetrations section.  

2. In 2008, ROB1 was built with thrusters aligned in the X Y and Z axes and required very 

little in mixing or orthogonalization related to the controls. After some web research and 

looking at last yearôs Falcon robot,     ROV2 was built with a vector arrangement of 

thrusters at 45 degree angles to the frame. Whereas this arrangement traded efficiency for 

improved peak thrust, it has been difficult to orthogonalize the motion of the ROV and 

trim as well as the ROV1 thruster arrangement.   

3. There were good intentions of using the Microstrain GX1 sensor for inertial 

navigation and station keeping.  It was found that the sensor is really effective as an 

attitude sensor but not good enough to be a good IMU (Inertial Measurement Unit) for 

tracking position and rapid return to a point under autonomous control.     

2008 ROV Components  

Frame  

The frame was constructed entirely from 31.75mm ID (1.25 inch) PVC piping. Many small holes 

were drilled in the pipe to allow the pipe to fill with water. The motors were mounted on T-joints 

and strapped in with zip-ties. 

Thrusters  

Six motors were utilized in this ROV. Two vertical thrusters were placed on the upper horizontal 

pipe to control the up/down motion of the ROV. Two other thrusters were placed on the lower 

horizontal pipe to control forward/reverse translation. Finally, two thrusters were mounted 



diagonally from each other and in opposing direction (perpendicular to the forward/reverse 

thrusters) to allow rotation of the ROV.  

 

 
2008 Motor Configuration 

2009 ROV Components  

Frame  

The frame for this ROV was also constructed from PVC piping, and the motors were mounted on 

T-joints and strapped in with zip-ties. 

Thrusters  

After evaluating the functionality of the 2008 ROV configuration, an altered motor configuration 

was implemented. Four motors were mounted on each corner of the ROV at 45 degrees. This 

configuration allows for translation in all directions as well as rotation about the center of the 

ROV. Additionally, two motors were mounted vertically to control the up/down motion of the 

ROV. The vertical axis motors were mounted in a fore/aft configuration to give pitch axis control 

as well.  The degrees of freedom are the same as the 2008 ROV.   

 



 
2009 ROV Motor Configuration 

 

The advantage of the 2009 geometry is that fore/aft and port/starboard linear thrust is increased 

by sqrt(2). The electrical efficiency of this design is less than the 2008 design by a factor of 2 

(i.e. it takes 2x the power to get the sqrt(2) increase in thrust) . It has been found that with the 

2009 thruster geometry, trimming the controls and maintaining orthogonality of the linear thrust 

axes is more difficult.  

Shared Components  

Manipulators  

Due to the late date of getting details regarding the prop dimensions, the original manipulator 

scheme was discarded and the new design manipulators are still under development.   The 

philosophy for collecting the vials and core samples is that the robot should be able to collect all 

of them while submerged and minimize the number of returns to the surface. 

 

In addition a conventional grabber claw is being fabricated that will be able to manipulate tethers 

and the mass pinning the anchor as well as to retrieve any dropped vials or core samples. 

 

The motive force for all grabbers will be supplied by 500 GPH cartridge bilge pump motors. 

 

 

 



Electronics  

 
Electrical Housing 

Power Supply/Distribution  

A 12 V  17 Ah lead acid battery is used to power each ROV. Each ROV is protected with a 50 amp main 

breaker and then distributed to the drive motors, manipulators, sensors, and lights.  The left over 20Amps 

may be utilized in a surface ROV equipped with camera and lights.  

Tether  

A direct tether connection was created using a one-hundred foot Ethernet cable. The Ethernet cable is 

rubber filled so there is no air in the insulation. This is an important feature for this application so the 

buoyancy of the cable does not change with depth. The tether cable has slight negative buoyancy.   The 

cable is made by LG Electronics and is supplied with their closed circuit TV systems. 

 

 

 

 

 



The tether consists of eight conductors used for the following: 

1. Ground (Cameras)  

2. Camera 1 NTSC video  

3. Camera 2 NTSC Video  

4. Ground (RS232 + audio)  

5. RS232 - interface to controller (control) 

6. RS232 - controller to interface (control)  

7. RS232 - controller to PC (sensor data)  

8. Audio  

 

A break out board is used on each side of the tether to interface with the multiple systems present on 

board the ROV and on the surface. 

Controller  

ROV Controller  

The ROVs are controlled using the Microchip IFI Robotics Control System.  This system provides digital 

I/O , PWM outputs and analog inputs.  The IO capability for the ROV application is overkill but the price 

was right as they were borrowed from the FRC  parts bin.  

 
Microchip IFI Robotics Controller 

 

Motor Controllers  

 
Victor Motor Controller 

 

The thrusters are controlled by PWM controlled Victor 884 controllers made by Innovation First. 

These full H-bridge controllers are capable of 40+ Amps at 12V and are more than sufficient for 

the 10.5A maximum current drown of the thruster motors. 

 

http://www.ifirobotics.com/frc-robot-control-system-overview.shtml
http://www.ifirobotics.com/frc-robot-control-system-overview.shtml
http://www.ifirobotics.com/victor-884-speed-controller-robots.shtml
http://www.ifirobotics.com/victor-884-speed-controller-robots.shtml
http://www.ifirobotics.com/victor-884-speed-controller-robots.shtml
http://www.ifirobotics.com/frc-robot-control-system-overview.shtml
http://www.ifirobotics.com/victor-884-speed-controller-robots.shtml


 
BB-3-9 ESC 

The grabber motors are  full H-bridge controllers form BaneBots and are capable of 3.5 Amps 

continuous and 10 amps peak  current. The model is BB-3-9. These small controllers were used 

because there were not enough Victors.  

Motors & Propellers 

The ROVs maneuver through the water using 750 gph bilge pump cartridge motors that are 

connected to  RC airplane propellers than measure 14 cm (5.5 inches) in diameter and have a 

pitch of 5.1 cm (2 inches).  

The fine pitch helped to increase the rpm's of the motors and decrease currents.  A finer pith 

would have been better but was not readily available. 

The propellers are mounted to the motors using custom made aluminum couplings. The motors 

are mounted to the PVC frame using two tightened zip ties. 

The bilge pump motors are an exact ID fit into a 1.25 inch PVC T fitting. 

 

 

http://banebots.com/pc/ELECTRONICS/BB-0309
http://banebots.com/pc/ELECTRONICS/BB-0309


Cameras 

Each ROV is equipped with dual cameras on fabricated pan/tilt brackets that allow for precise alignment 

of the convergence point of the lenses for the purpose of providing 3-D vision.     The cameras are   the 

circuit boards that were removed from   LG Electronics dome cameras model number LVC-D100NM. 

The sensitivity of the cameras are 0.2 lux which allows the robot to be able to see well with very little 

light. 

The cameras are placed 6 cm apart which is approximately the distance between human eyes, and 

converged at the end of the manipulator thus the picture can be seen well with a 3D viewing system.  This 

camera system was used in 2008 and required the driver to cross his eyes while looking at side by side 

images to get the full 3-D effect.     This year for ROV 2, the team hope s to use the Falcon Robotics 3D 

viewing system that has been offered to all teams. ROV1  will have to still use the eye crossing method.   

 
LG Cameras 

Lights  

The headlights were constructed with a custom 3x8 array of LEDs. The lights were casted in a 

clear resin to waterproof them. Each LED has an intensity of 3.75 lumens each. With 24 LED's 

the total is 90 lumens . 

The LED arrays are powered by a current regulator to assure constant intensity independent of 

voltage fluctuations of the ROV's power system caused by high current drawn by motors and 

other functions. 

 
Headlights 



Sensors  

Temperature  

To measure the temperature, a linearized thermistor is placed at the end of a cable. The MCP9700A's 

output is 10 mV per Kelvin degree, thus for example, at 25 degrees C the output is 2.98 Volts which falls 

conveniently within the range of the 0-5 Volt 10 bit analog to digital converters included in the IFI 

controller. The resolution base on one  LSB of the IFI 10 bit  A/D converter is expected to be 0.5 Celsius  

degrees.     The measurement is then transmitted to the surface via RS232 signal which is then displayed 

by the dashboard program on a computer. 

The sensor's time constant is 1.7 seconds giving a measurement accurate up to 99.3% after 8.5 seconds.    

As a  large temperature gradient is not expected at the point of measurement,  the time to take an accurate  

measurement is expected to be 5 seconds or less.        Some mass may be removed (by sanding the TO-92 

package) to decrease the time constant. 

 

Thermister 

Sound  

An electret microphone placed in a small water proof container with a soft membrane at one side. This 

membrane will allow for the transmission of the sound with minimal loss. 

 

The signal from the microphone is then amplified using a preamp circuit with a gain of 200 and then 

transmitted to the surface via the tether. The preamplifier allows the signal to noise ratio to be minimized. 

On the surface, a RANE SE 10 professional audio parametric equalizer will be used to filter the noise and 

amplify the signal. The output of the equalizer is then amplified and played through a speaker. A sound 

recorder also records the sound of the volcano. 

Depth  

The ROV can measure depth by utilizing an absolute pressure sensor. The pressure measurement 

is then converted into the depth and displayed on a screen. 

 

Since the output of the pressure sensor is the differential voltage between the two output pins, a 

differential amplifier is needed to scale and offset the output of the sensor to fit within the range 

of the analog to digital converter.(0-5 volts, 10 bits) . 

     

The pressure sensor used is an MPX2200AP absolute pressure sensor capable of measuring up to 

200 kPa which is the pressure at the depth of 10 meters at sea level. The absolute measurement is 



made possible by a reference vacuum chamber in the device.   Prior to the mission, atmospheric 

pressure will be zeroed out by an offset adjustment. 

In addition to fulfilling the measurement of the depth of a target, the data from this sensor is 

planned to be used for a depth control loop that is still under development.  

 

 
Differential Op-Amp 

Waterproofing  

Special care was required to water-proof the box. This was absolutely critical, as a small leak 

could be catastrophic to the electronic control system. 

 

Water-tight Box  

 The electronics are housed in a Pelican 1450 case. This case was tested to be water proof up to ten 

meters. To test this, the case was placed in a small tub of  water and using a vacuum pump the internal 

pressure was reduced to near zero. This is equivalent to a pressure difference the ROV would experience 

when under approximately one atmosphere or about 10 meters of water. 

 

 

 



Penetrations 

Holes were drilled on the outside of the box to allow tether and motor connections. 

The tether and motor wires were threaded through clear vinyl tubing and carefully filled with Scothcast, 

an effective casting polymer.   

 
Student Filling Penetration Tubing with Scotchcast 

The Scotchcast potted vinyl  tubing was then pushed through the rubber grommet inside  the  cable 

gland.  O-rings were added between the cable Glands and the waterproof case and an O-ring groove was 

created by molding epoxy putty around the O-ring.  

 

Completed Penetration 






