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Abstract 

The Kraken is a low-cost, reliable, and adaptable platform for use in demanding 
underwater environments. The main strengths of the robot are its commercial off-the-
shelf design, its minimal thermal and power demands, and its modularity. The focus this 
year was to take the chassis developed previously and improve its reliability. The 2011- 
2012 San Diego City College (SDCC) robotics team implemented a new propulsion 
system, improved the vision subsystem's reliability and added a fully passive SONAR 
system. Changes made by the SDCC team will significantly improve the functionality of 
the Kraken. 
 

 
Introduction 

The Kraken was designed with the weaknesses and strengths of the SDCC 
robotics team in mind. Without the same team continuity and resources that a four year 
school provides, the Kraken was designed to be modular and easy to modify - allowing 
future teams to improve it without changing the entire robot. All of the systems and 
components are designed to be drop-in so all components are quickly replaceable. 
Kraken allows each year's team to modify the AUV without the financial and engineering 
burden of an entirely new design. 
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Hull Design 

The Kraken features an aluminum and Delrin open-frame design with watertight 
boxes used to house the electronics and sensors. An open frame design is modular and 
reliable and allows new components and enclosures to be added as needed. The top 
aluminum plate holds the computing enclosure and the SONAR enclosure, which is 
placed above the center of gravity to ensure roll stability. While the bottom plate holds 
the two battery enclosures and a bottom facing camera.  
  
 Plastic enclosures were selected because they are waterproof at mission depths, 
are cheap, easy to connect and easy to access. Connections from the enclosures to 
external components are provided by watertight glands, installed in tapped holes, that 
screw tight  onto cables entering the box. The addition of sonar and torpedo launchers 
necessitated an increase in space in which to house new circuitry. A larger box was 
installed with an additional, smaller box connected by Flex PVC tubing with water tight 
couplings allowing wires to run between the two boxes. JB Weld and a tool plast-dip, 
creates a rubberized seal around the whole connection to ensure waterproofing.  

     
The six motor housings are placed symmetrically to ensure stability. Faced holes 

were created in the side plates to provide maximum thrust. Which are large enough to 
allow for changes in the position and attitude of the motor housings ensuring complete 
modularity. The cameras are housed in the GoPro waterproof case designed for 
cameras with a large convex lens in the front. The bottom cross plate holds a downward 
facing camera and two Li Ion battery packs housed in two, off the shelf waterproof 
boxes. Large holes in the side plates allow for ease of access to the battery boxes, 
allowing for quick changing or charging of the batteries. While two torpedo launchers 
and grabber are to be mounted on the inside of the side plates.  
 
Electrical Design 
 
A. Power Control Circuit 
      Power control for the Kraken is configured on one single fully developed power 
board that was custom made for this project. It contains separate motor power and 
computer/sensor power circuits, reducing the risk of motor power spikes affecting 
semiconductor components. Both circuit are powered by lithium polymer batteries.  
 
     The current from each battery is first filtered by an electrolytic capacitor and a 
high-speed, 30- volt, 1500 W transient voltage suppressor. The filtered motor power is 
sent directly to the H-bridges while the computing power goes through a 2- mp, DC-DC 
9 V switching regulator. The off-the-shelf components are mounted using point-to-point 
connections on perfboard. 
 
B. Computer Power Circuit  
        The Kraken has a modular computer power circuit. Power is fed from the lithium 
packs through a voltage regulator that maintains a 12 V power output with a variable 
input of 10-36 V with a maximum of 2 Amps. Power passes from the computing/sensors 
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battery through the power distribution board to the Arduino Mega, motor controllers, 
sonar system, pressure sensor, and the torpedo launching circuit. Power going to the 
pressure sensor comes from the 9 V regulator. 
 
C. Motor Control Circuit 
           San Diego City Robotics design engineers aimed for a fully modular and 
replaceable motor control and power circuit as it is the most likely to develop overloads 
due to concept and design testing. Every part of the motor control circuit comes from off 
the shelf parts making replacements readily accessible and easy to obtain. Power 
passes from the motor battery through the power distribution board to the H-bridges 
here it is modulated by the PWM signal from the Arduino Mega microcontroller and then 
sent to each of the six motors. 
            

A PWM signal is sent from the Arduino Mega microcontroller to an H-bridge 
connected to the motor battery which outputs the amplified signal directly to the motors. 
The H-bridge allows the motor to provide bi-directional thrust. 
            
D. Batteries 
           Power is provided by two 11.1V, lithium polymer battery packs, mounted on the 
bottom plate of the submarine. One battery feeds power to the motor control circuit 
(5800 mAh), while the other provides power to the Fit PC, Arduino and other sensor 
modules on the AUV (2650 mAh).  
 
The full battery voltage is supplied to each motor control circuit, while a 2 amp, fully 
isolated, switching DC regulator provides the 12 volts required by the Fit PC2, 
microcontroller, depth sensor, cameras, and sonar system. The switching regulator 
provides significantly more efficient voltage control, compared to a linear regulator as 
less power is dissipated as heat in switching regulator design. This also reduces the 
size of cooling surfaces, and allows logic grounds and power grounds to remain isolated 
from each other. 
 
Computing and Sensors 
 
A. Fit PC2 
           The FIT-PC2 is an Intel Atom Z530 Linux based computer with 1 GB of RAM. As 
the main data processing component of our computing system, it is responsible for 
running the Kraken’s mission control software. It collects information from the cameras 
the sonar and the pressure sensor. This information is then processed and commands 
are sent to the Arduino. It allows for data logging on board the AUV and can connect to 
a wireless tether for remote debugging. 
 
B. IMU (Inertial Measurement Unit) 

The process of maintaining an accurate position in space is a prerequisite for 
much of the sub’s activities during the course of the competition. The Razor 9DOF IMU 
used in 2010-2011 has been upgraded to an Arduimu v2. It utilizes MotionFusion, a 
software tool that uses a three-axis gyroscope, a three-axis accelerometer and a digital 
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compass. It provides the instantaneous and reference heading to our Navigation Box 
control code. 
 
C. Arduino MEGA 2560 
           The standard Arduino Mega used in 2011 was upgraded to an Arduino Mega 
2560 multi-controller. The 2560 doubles the Kraken's program space as well as the 
memory available to NavBox, increasing the processing capacity and allows for a more 
robust program to run the Kraken. The Arduino Mega reads the current heading and 
depth information provided by the IMU. It then determines the appropriate speed and 
heading of the Kraken, and sends signals to the motor controllers. 

D.  Sonar 
  In conjunction with Professor Pruitt of San Diego City College a viable sonar 
option was manufactured. The Hydrophone Array consists of (4) custom fabricated 
piezoelectric elements that are potted and mounted into an anodized aluminum 
adjustable scan angle frame. This array faces forward on a plane tilted downward at 45 
degrees.  Two hydrophones across the top of the array detect horizontal displacement, 
and a third placed below these is paired with one of the upper hydrophones to detect 
vertical pinger position. The immense design challenges included pinger level variation 
with location, unwanted pinger frequencies, echoes from the pinger signal, and the 
mathematical complexity of converting arrival times to pinger heading angles, requiring 
the San Diego City Robotics electrical team to engineer several inventive solutions.  

Fig 1 – Gain Amp 

Fig 2 – Microprocessor/LED Circuit 
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One problem was the tremendous variation in pinger level depending on the Kraken’s 
location in the pool. This was solved by sending each hydrophone output to a 100X gain 
operational amplifier circuit that produces a constant voltage square wave.  This caused 
a second problem, a DC shift in the output signal causing an asymmetrical square 
wave. An Input offset trimmer was then added to the 100x gain operational amplifier, 
resulting in an output square wave with a 50% duty cycle.  

  

 

There was a need to discriminate against other pinger frequencies and noises outside 
of the desired frequency range. The fixed-level square wave signals are sent to a 
programmable 4th order (MAX7490) switched capacitor filter, leaving only a sine wave 
of constant level. The center frequency of each MAX7490 chip is controlled by a DSP 
generated clock, which allows on-the-fly frequency selection in the 22KHz to 30KHz 
range. Because distortion was observed at the filter output, a voltage divider was then 
added between the amplifier and the filter, resulting in a cleaner output from the filter 
circuit. The final analog processing step was to feed each signal pair to a phase 
comparator that produces a pulse width proportional to the phase shift between each 
hydrophone signal.   Measurements from last year’s competition indicate that there is 
commonly a gap of 1.2 seconds between echoes and the next pinger burst. Thus, a 
counting timer in the code is set to only store a measurement if there has been silence 
for more than 1 second to keep the sub from chasing echoes coming from the wrong 
direction.  

Fig 3 – Phase Shifter Circuit 
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An issue arose in the process of making the several mathematical calculations 
necessary to convert the timer counts to information that was useful to the commander 
module. A lookup table is used in lieu of time-consuming calculations, and the degrees 
of horizontal and vertical deviation are then sent to the commander module. This led to 
another issue - the original microcontroller clock was chosen to be 4 MHz for stability 
but the time it took the code to measure the pulse widths was too close to the actual 
pulse width time being measured for small degree values to the far left.  By doubling the 
clock frequency to 8 MHz, usable horizontal resolution was obtained. 

Mechanical Design 
 
A. Propulsion 

Six Pacific Hydrostar 66094 bilge pump motors were used last year based on 
several criteria: superior power compared to those used in years past, ease of 
installation, and factory water sealing and low cost. The DC power system simplified the 
electrical design, and the motors are fully waterproofed as-is, allowing for ease of 
installation. This year, these where upgraded to the Marine Rule 27D 1100 bilge pumps 
which follow the same criteria. these pumps have a displacement rating of 1100 gph 
compared to the 500 gph of the old pumps. Theoretically, this increased capacity in our 
bilge pumps should provide a greater thrust, improving the agility and response of our 
autonomous vehicle.  
 
As packaged, the motors had a hydro-dynamically unfavorable shape that imposed drag 
on the vehicle, adversely affecting its performance. By applying Bondo, the motors were 
modified into a conical shape. Once done a mount was attached with epoxy to the top of 
the motor which could be easily installed into the machined bracket. 
 
B.  Torpedo Launcher 
 The primary function of the torpedo’s and their launchers are to complete the 
vision targeting challenges of the mission.  Aluminum cylinders have been machined 
and milled to accept a pressure gauge, and underwater electronic solenoids for firing 
compressed air.  Control comes form an onboard firing and power circuit, fired by the 
Arduino 2560.  The torpedo’s are of our own design – designed in SolidWorks, and cast 
from polymer resin. 
 
Software Design 
 
A. Overview 

The goal of our computing system is to be small, require little power and allow 
the Kraken the capability to attempt every competition task. Based on the 
aforementioned requirements, our computing platform consists of a single-board 
computer, an Arduino, and 2 cameras. The aggregate power draw at maximum load is 
less than 1.13A. In order to maximize system performance, all software is written in a 
mixture of C, C++, and Assembly. 
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B. Dashboard 
Dashboard is a graphical user interface that has been developed for testing and 

debugging. It enables real-time data viewing and remote control of the sub while 
submerged, via an 802.11G buoy tethered to the AUV. A server running on the Mission 
Computer transmits data such as thruster duty-cycle, heading, depth, etc. to a land-
based client machine running Dashboard. Upon receiving the information, Dashboard 
displays and logs the data, with the ability to replay the session at a later time. 
 
C. Vision 

The vision processing system is based on OpenCV, and makes extensive use of 
existing libraries, but also includes software written by our team. There are 3 primary 
algorithms used: a color blob tracking algorithm, a path-tracking algorithm, and an 
outline-tracking algorithm. All of these operations start with a threshold in HSV space. 
 
D. Navigation Box 

Navigation Box is the motor control code that runs on the Arduino Mega. When 
given a target depth and heading by Mission Commander, it reads in the data from the 
IMU and pressure sensor and outputs the PWM signal to the six motors to reach the 
desired depth and heading. Mission Commander also tells Navigation Box how fast to 
run the drive motors to go forwards or backwards. 
 
E. Mission Commander 

Mission Commander is the mission logic software that runs on the FIT-PC2 that 
controls the Kraken and decides which mission is being attempted and what protocols it 
should use to achieve the mission. It outputs to Navigation Box to control the motors 
and for vision-based tasks, interfaces with Vision to decide what to do. 
 
 
 
Conclusion 
 
     The Kraken is a low-cost, reliable AUV platform. While competing in the 
RoboSub Competition is its main objective, the Kraken also has many potential 
applications such as mine clearing, scientific exploration, and automated surveillance of 
ports.  The Kraken's disposable cost and reliability allows it to attempt more difficult 
missions without much risk to the owner. With computer vision, passive SONAR, and 
complete three axis control, the Kraken has the potential to be a viable and efficient 
AUV solution to a variety of marine applications. 


