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Systems Design
Vision
Computer Vision Design


Originally, the vision design was going to be based on blob analysis for targeting and a Hough transform for angle measurement.  The code for these programs would be integrated into the onboard computer if the cameras had no onboard programming capability.  The DVT cameras, however, were much more powerful than originally anticipated in terms of onboard processing power, in addition to a script tool.  The onboard processing allow for x- and y-coordinates, as well as the primary angle and area of the target blob, to be output in a string via Ethernet cable.  The integrated script file allows the correction code to be written on the camera itself, freeing up processing power in the main computer.


Our vision system is made up of two DVT Legend 542C cameras – one forward-facing and one downward-facing.  The forward-facing camera is designated to pick up and home in on the red buoys that the AUV is required to dock with.  The downward-looking camera is designated to follow a bright yellow or orange plastic strip in a certain direction.  Both cameras are housed inside a clear plastic camera housing that is mounted on the front of the vehicle.


The vision system is comprised of four “sensors” that make up a “product” – a color sensor, blob detection sensor, blob analysis sensor, and correction script.  The color sensor allows the camera to “learn” a certain color in its range, and also allows the programmer to place thresholds in the system for variations in the image (changes in light, light angle, etc.).
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 This color is then fed to the blob detection sensor, which will only detect blobs within the threshold sent by the color sensor.  This allows the cameras to pick out specific colors – since the main targets for the cameras are of a certain color, this is an optimal solution.  The blob detection sensor sends the data of the blob to the analysis tool in order to extract the position within the camera frame and the primary angle.  
[image: image2]
Once this analysis is complete, a “correction” block of code translates the position into a distance from centerline and the angle into a +/- 90 degree angle off of centerline.  The result is a serial stream fed to the computer that gives the distance in pixels from centerline of the image, the difference of angle from centerline, and area of the blob.


[image: image3]  

Angle is not very crucial to the forward camera, but is the main part of the design for the downward.  Area provides a measure of distance, primarily for fine control closer to the object.  For simplicity’s sake, we used the same code for both cameras.  The only difference is the color that each camera learns prior to the competition.


The camera system is difficult to learn and grasp, but once the concepts are understood, the system is powerful, versatile, and easy to use.  A major stumbling block in the camera system design was the predisposition of the cameras to a different use.  The cameras were originally designed for industrial applications – essentially scanning a large number of objects in a short amount of time looking for defects.  Our system needs to locate a certain color in a field of view and home in on that target, and do it in an electronics-hostile environment.  Determining what sensors were needed and how to integrate them with each other was the most intensive portion of the process.


The vision system inherently requires human supervision.  In order to pick up on a particular color, the color must first be “learned” by the vision system.  This requires direct control by a human to pick out and program the color.  This color does not remain constant, and so thresholds must be programmed as well.  If the thresholds are too wide, the camera will pick up on objects that are not the desired target.  Our vision system was designed to allow human intervention and programming through the wireless comms buoy.


The AUVSI AUV competition is machine vision intensive.  During the summer, we plan to implement two other products for the cameras in addition to our color detection products.  One product will locate the “blackjack table”, or the bin to drop markers in.  The second product will locate the PVC “air duct” that the AUV must maneuver through, as well as provide boresight data to the navigation system.

Navigation
The navigation plan started off very simple and straight forward.  It was supposed to take about one month to get through all of the reading material and become familiar with the components.  After that the DVL, compass, IMU and depth cell were supposed to be tested and calibrated in segmented amounts of time.  

After working with the components, almost the entire plan has changed.  The compass was rendered inoperable, the evaluation of the IMU’s showed that only one was even operable, the DVL had to wait until the vehicle was put together, and the idea to calibrate the depth cell was dismissed earlier in the semester, but brought back last minute.
Navigation spent a lot more time working with the other “departments” to help in whatever ways possible, like working on a design for the box layout, putting together the power point/presentation and putting together the final submission.  

DVL

Originally we believed that the DVL itself needed to be updated, which fortunately was not the case.  We were able to straighten out the cap that last year’s team had put on the machine improperly.  We also found out that there was a problem with rust with the screws and mount for the DVL on the first vehicle.  This allowed for us to adapt by getting stainless steel screws for the new vehicle.  

Another challenge we faced was with being able to talk to the DVL.  In moving the AUV to the lab upstairs over the summer, the components we needed to interact with the DVL without using the rest of the AUV were lost.  This created problems because when the person in charge of navigation had allotted time to work on calibration the vehicle was in pieces.  This showed lack of planning and communication at the beginning of the project.  We overcame the problem by having navigation work on other things while the vehicle needed to be apart, and then working together as a group to put things back together and get the DVL back up and running.

While we were in the process of trying to hook up the DVL through the AUV, a live power cable made contact with a metal plate and started part of our project on fire.  The DVL was untouched, but after the incident we figured it would be for the best if we just ordered what we needed to work with the DVL by itself on the desk top.

Compass

The compass was the component that would have presented the most challenge to the team in the navigation system.  In the previous year, the compass had not been calibrated and completely stopped working for the competition in San Diego.  When it came to the box layout we had to be very careful of placement because we did not want the magnetic fields created by wires with high currents to alter the readings.  The navigation part of the team was working on a simple set of instructions for calibration to be done the day of the competition so that any variance in magnetic fields created by change of location or other unforeseen factors would be accounted for.  This was halted when the compass burned out.
In a sense we did beat last year’s team with the compass.  Instead of killing the compass at the competition, we decided to get a head start on things and blow the compass long before any of the calibration was done.  As a team we had agreed that no one was to hook up any wires without the person in charge of that piece of equipment and/or the person in charge of electrical engineering was present.  This rule was ignored by one member of the team.  This component which runs on 5 volts of electricity was hooked up to 24 volts and promptly blew out. 

The person in charge of Navigation decided to still include the compass as part of the design of the box so that a compass could be added to the vehicle at a later date without much concern over the changing magnetic fields from the other components of the AUV.   The best place that was determined was to be about 2/3 back in the box, mounted to the lid.
Inertial Measurement Unit

Originally we were only going to add this if there was extra time.  With the compass blown out, Navigation had plenty of time to work on the IMU.  The first step was to calibrate the IMU.  This task seemed easy enough when assigned but two concerns arose during calibration.  The standard deviation of different parts of the same IMU varied greatly.  One accelerometer could have a standard deviation of 0.8 while another could have a standard deviation of 5.  Though it may not be a problem, it was an unexpected result.

The second concern poses much more of a problem.  During calibration, when connecting from HyperTerminal to the IMU there were times the IMU would just stop working.  This became very frustrating.  With some IMUs the calibration couldn’t even start b/c the IMU stopped responding before the proper command was sent while others would take up to 7 or 8 connections before it just stopped.  After working on the calibrations it was found that only 1 IMU had every component working, and working well at some level.  This made the decision of which IMU to put in the AUV a lot easier.
Navigation is also taking into account the orientation of the IMU in the box layout.

Depth Cell

At the beginning of the semester the calibration of the depth cell seemed like extra work to be done to help with the reliability of the vehicle if all else was completed.  It was not a necessary task so we have chosen not to go through with calibrating it, yet but have plans to before the competition.
Electrical

I started with three separate tasks as follows:



1.) Kill Switch



2.) New (lighter and smaller) Batteries



3.) Wiring the Vehicle

The original designs for the kill switch were one of two options: Cutler-Hammer Sealed 6P switches or Control Products Inc. K5000 series waterproof switches.  I did an engineering analysis to decide between the two of them.  I used cost, size, weight, and mounting requirements.  Weight and size were the most limiting and I weighted them to reflect that.  In my data collection for this analysis I was given three of the K5000 series switches; therefore, that is what I am using.

The original idea for the batteries was to have one to supply everything.  I thought about this and I decided to take one step at a time and make the single battery a project for next year.  We wanted to go with lithium ion (Li-Ion) for the instrumentation and hopefully for the thrusters.  Ideally I wanted to use lithium polymer (Li-Poly) for the instrumentation.  I tried many venues to try to design a battery using the specifications I calculated, but after no success I decided to buy one off the shelf that would come as close to meeting the specifications without going under them.  After some more research I found that Li-Poly was available for the thruster load and Li-Ion was available for the instrumentation.  

I knew there was not an existing wiring diagram so my initial plan was to make one then wire the vehicle.  I created a wiring diagram of the existing vehicle by tracing out the wires.  I made new diagrams for the new vehicle based on the traces of the old one.  Using these new diagrams, I wired the new vehicle.
In addition to the initial tasking I had a damaged regulator circuit repaired, so, we now have two working ones.  I have a working design for shore power connection, and hope to implement it within the next month.  The camera regulator circuit is in the process of being worked on and will be finished by the end of the month. 
Mechanical
- Frame 

The 2008 team looked towards making the vehicle shorter and lighter when designing the new AUV frame.  The main way this was accomplished was by shortening the length of the vehicle by nearly one half.  The new vehicle (design seen in Enclosure # 1) is now only 36” long and 9” wide.  In addition, the team removed the massive extra support strut that was in place on the old vehicle (on its underside) and left the new frame as a simple rectangle.


The shop provided the frame and did a great job.  They joined the edges of the frame with fiberglass and epoxy.  In doing this, they added extra triangular supports to ensure that the edges were just as strong as the rest of the frame.  The frame is very strong and will be able to withstand any stresses that we might put on the vehicle.

[image: image4.jpg]



Figure 1.  The Frame:  Made out of green pultruded fiberglass (1” x 1”).
- Thruster Mounts 

Additional pieces were added in order to mount the thrusters to the frame.  These pieces are made of pultruded fiberglass and are very simple in design.  They contain a slight radius (fit for the radius of the thrusters) and have slits in the sides in order to accommodate the hose clamps that actually fasten the thrusters to the frame while they are in use.  When mounting the thrusters on the frame, we used a simple flexible rubber material placed in between the thruster, the fiberglass, and the hose clamp.  This provides protection for the thruster while it is in used from any grinding that might occur.


A lesson learned when designing the thruster mount was always “measure twice and cut once.”  When assembling the vehicle in the final few weeks, we realized that the Seacon wire was not long enough the reach the hull from where the port-side thruster mount was.  When designing, you have to take into account all the minute (and not so minute) details that will affect the final product.  During testing, we simply mounted the thruster in the reverse position and modified our code in order to accommodate the change.  A priority on our list of things to do is to now relocate the thruster mountings to a more aft position on the vehicle (or obtain an extension cable for the SeaCon connection).  Moving the thruster mounts back roughly two inches will give us the room we need to connect the thruster to the hull connector. 
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Figure 2.  Thruster Mounting: pultruded fiberglass studs off the frame with 

a hose clamp wrapped around the thruster.
- Hull 

In order to mount the hull (Pelican© Case), we created t-brackets (provided by the shop) to run straps through the underside of the frame and up to the side of the case.  These brackets are made of 1/8” aluminum and have two holes placed in each.  These holes are big enough to fit a #8 screw through and are used for fastening the brackets to the frame.  The design is relatively sleek (as they are placed on the inside of the frame) providing relatively no drag at all in the water.  The straps are simple hiking straps bought at the local outdoors store.  They are accompanied by buckles that you would find on any generic backpack.  The Repair Taylor Shop in Bancroft Hall provided the tailoring job.  They sewed the straps to the buckles and t-brackets.  Now all one has to do in order to remove the hull from the frame is release the buckles and the case is free and clear.    

[image: image6.jpg]



Figure 3.  T-Brackets and strapping used to attach the Pelican© Case 

to the frame.
- SeaCon Connectors

Ten holes needed to be drilled into the Pelican© case, one into the camera housing, and one into the buoy in order to accommodate everything being fed to and from the power/computer.  These twelve connections were:



(4) Thruster connections



(1) Kill Switch connection



(1) Doppler Velocity Log (DVL) connection



(1) Sonar connection



(1) Depth Cell connection



(2) Ethernet connections (1 in hull and 1 in buoy)



(2) DVT connections (1 in hull and 1 in camera housing)

These connectors were relatively easily to work with and no trouble to mount.  Each time after adding a new connector to the box/housing/buoy we tested it for water-tightness by submerging it in the tow tank for a period of one hour.  We never experienced any trouble or failures in water-tightness.

*Note* – always use silicon grease on the SeaCon o-rings.  This measure ensures there are no microscopic gaps to leak into and onto the electronics.  Strongly advised!!!

- DVL

The DVL mounting brackets (design seen in Enclosure # 4) were also a product of the shop.  They created to simple 1/8” by 9” by 1 ½” aluminum brackets with properly spaced holes in them for mounting.  The simple design is incredibly strong.  The screws used for mounting the DVL to these brackets were order special from McMaster Carr.  They are stainless steel as to ensure that there will be no rusting or corrosion over time due to being in the water.  
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Figure 4.  DVL Mounts made out 1/8” Aluminum.
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Figure 5.  Schematics for stainless steel screw provided

by McMaster Carr. 
- Camera Housing

The most significant area we looked to improve the vehicle in was in the field of sensors.  Last years vehicle produce good results based on waypoint tracking and the ability to “dive and drive.”  Therefore, our number one goal for 2008 was to add both a forward looking and downward looking camera to the vehicle.  The cameras we chose were two DVT cameras provided by COGNEX.  To house these cameras we wanted to keep our design relatively simple.  Additionally, we wanted to build it in-house for low cost.  The design we drew up was a simple clear box 7” x 4” x 4” (interior dimensions).  The shop constructed it out of plexi-glass (acrylic) with the lid fasteners being made out of metal.  The lid itself contains an o-ring that serves to make the housing water-tight when put in the water.

[image: image9.jpg]



Figure 6.  Camera Housing made out of ½” acrylic.

In order to test the design for water-tightness, we submerged the housing to a depth of 16’ for one hour.  After the first test, we had significant leaking.  We suspected that the major reason for our leaking was due to the top surface of the box being uneven at the joints.  Therefore, we brought the box back to the shop and had them plain the top in order to make it perfectly even.  After a second hour long test we still had leaking problems.  The shop advised that it might be the adjoined edge at each corner of the box.  They added silicon sealant to all the edges and gave it back to us for retesting.  After the third test we still had minor leaking problems.  We had the shop add filler to the top edges of the box in order to fill in any miniscule cracks there might be.  They product they produce was very smooth and made the adjoined edges as if they were one piece.  In addition to this, we added silicon grease to the o-ring before retesting.  This time the box came up dry without any leaks.  This taught us that when dealing with o-rings, you must go to extra pains to makes sure the surface around it is immaculate; otherwise it presents a situation in which water can leak through.


Our next step was to add the SeaCon connector to the camera housing in order that we could connect it to the power and computer in the hull.  We took it to the shop to do this.  This was a very wise move when considered drilling holes in acrylic plexi-glass.  The expert in the shop explained that without the proper acrylic cutting bits and coolant, you are very susceptible to cracking/shattering/chipping the area around the hole you intend to drill.  When drilling, he applied a spray-on coolant and drilled very slowly, taking away millimeters at a time (even with the special bit).  This prevented the negative effects of drilling and created a great product.  He beveled the edges slightly to take away the bur produced from drilling and ended up with a nice clean product for mounting the connector.


With the connector in place, we submitted the box to Norm Tyson in the Technical Support Department to wire up the interior wires to plug into the cameras (same as an Ethernet connection).  This is now complete and all that is left is to mount the cameras in the housing.  In order to do this, we are currently designing an interior frame to support the two cameras in the housing.  We should be able to accomplish this by using stand-offs (found in the TSD office) and a couple of pieces of malleable sheet metal provided by the shop.  This is a project that should be able to be completed in a very short amount of time over the summer.  Once this is complete, we will screw the entire housing to the AUV’s frame and turn it over to MIDN 1/C Mike Enloe for vision testing.

- Trim and Buoyancy

Last year’s team had initial troubles with the vehicle’s trim in the water.  When they placed it in the water for the first time for testing, it sat nose-up at a 45° angle.  In order to avoid this, we made trim calculations prior to mounting anything to the vehicle.  We knew the approximate weights of almost everything going on the vehicle and approximate locations of where we wanted them to go.  After toying around with the design (on paper) and going through a series of iterations, we came up with the following centers of buoyancy and gravity for the AUV. 
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Figure 7.  AUV sitting in the water during its first test run.

Having the center of buoyancy and the center gravity directly on top of one another is optimal for any design.  We worked towards this goal and got pretty close.  This avoids any torque on the vehicle and makes it sit completely flat in the water.  One downfall to our vehicle is that it is very buoyant.  This biggest culprit of this is our current hull.  It has 33.7 lbs of buoyant force associated with and we do not have nearly enough weight to counter-act all of it.  To deal with this we will probably end up using a smaller Pelican© Case.  We feel we can fit all of our electronic components in a smaller box and still not have it over-cluttered.  In doing this, we will reduce the amount of buoyancy on the vehicle and bring it closer to neutrally buoyant.  This is a much better solution then simply adding weight to the vehicle.  Our entire goal of our design was to reduce weight.  If we add extra weight to our vehicle because of buoyancy issues will negate the motives for our design.  We are confident in our abilities and will work over the summer to fit everything inside a smaller Pelican© Case.

- Stand

We constructed a stand to support the AUV while sitting out of the water.  This might seem to be something rather negligible; however, it is very important.  It prevents from any damaging of critical components on the vehicle (such as the DVL, thrusters, etc…) while we work with it on the sidelines.  These parts are very expensive and are susceptible to damage if not kept out of harms way.  The stand was made with simple 1” diameter PVC tubing, t-brackets, and Gorilla Glue.  This provides the strength we need in order to make sure the vehicle is safe.

- Possibilities

There are many ways in which we can still improve the current vehicle we have come up with.  However, there are a few distinct features that would give us more points at the competition in San Diego.  Firstly, we would like to add a grabber system to the vehicle with the expectation that the final prize will be to grab some type of “treasure.”  A simple way of doing this would be to add a series of hinges along the bottom of the frame that hinge inward, but then don’t hinge back outward.  This would allow us to descend upon an object, grab it, and then hold onto it as we surface.


In the future, we would also like to reduce the size of the frame a bit more and introduce some type of dropping mechanism.  Almost every year, it is a requirement to drop markers on certain marks along the course at the competition.  Currently, we are not planning on undertaking this challenge.  However, we would like to be able to do this in the future in order to score maximum points.  Lastly, we feel the vehicle can be made even shorter.  It has been cut down considerably already, but we still feel it can be even smaller and lighter next year.  These are all goals that will improve our overall standing and help bring our vehicle closer to the top spot at the competition.  
Computer
The upgrades of the software architecture have been mostly successful, although with some problems and technical issues that had to be addressed.  The linux distribution from last year’s team was unreliable (probably due to a bad compact flash card) and did not have fully updated libraries and code.  There is now a fresh install of the linux distribution and the AUV library is updated and compiled.

The sensor code has been revised and updated.  The serial connections to the IMU and DVL are functioning, as well as code to parse the DVL string.  However, during the first pool test in Lejuene, the bad strings were occasionally acquired from the DVL.  This problem has yet to be troubleshot, and did not occur during DVL testing on land.  The IMU’s data is not parsed since the exact data it will send is still unknown, however the serial connection appears to be working well.  The socket connection to the DVT cameras have been revised extensively.  Since socket connections are highly complex, a high degree of resiliency is preferable in programs which utilize socket connections.  The code utilizes nested while loops.  The inner loop receives data from the DVT cameras.  In the event of chronic bad data or a loss of connection, the program closes the connection and breaks to the outer loop, which attempts to re-establish communications with the cameras.

The Conn program, which used to be the highest level of control of the vehicle, has been relegated to an intermediary control code for the cameras and sonar to determine new desired course, depth, and speed values.  The code has been rewritten to make further adjustments easier and to make the programming more streamlined.  The Helm program contains the lower level control code to adjust the vehicle’s course, depth, and speed to the desired values, and it sends commands to the thrusters.  Again, it has not been updated for the new design specifications, but it has been rewritten to allow for quick, easy adjustments.  It may be modified to allow individual thruster commands from the Deck program.

The Deck program is a new addition to the programming structure this year.  It is basically a user console to command the vehicle, allowing manual navigation, navigation based on sonar or cameras, and autonomous navigation.  It allows the user the quickly stop the thrusters.  The program is currently unfinished.  Future plans include cleaning up the console to constantly refresh and to display the most recent errors from the peripherals.

The network system is currently the only fully functioning part of the AUV computer system.  It consists of an internal router which connects the DVT’s and the computer to an external, wireless router via a tether.  The external router is contained in a buoy and floats on the surface, allowing a wireless capable computer to connect and control the vehicle.  There were no problems establishing this connection.


There have been no major modifications to original plans for the computer control code, though plans for adding the use of interrupts have been abandoned as being unnecessarily complex without adding any foreseeable improvements to the operation or reliability of the vehicle.  Plans to generalize the code to be easily modifiable with different equipment have also been abandoned to allow more time to make the current code fully operational.
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Demonstration Plan

The AUV will be demoed at the L&R 2008 Symposium in Annapolis during Commissioning Week and will also compete in the AUVSI International Autonomous Underwater Vehicle competition in San Diego.  These two events will provide the final data in determining success of the project.  Hydrodynamic testing for the main housing and camera housing has already started, and the main housing is finished.  
Additional Considerations
Safety

Working on a project with a large team and high level of complexity necessitates good communication.  Many times over the semester the team has been set back by not communicating or bad communication.  An electrical fire in the lab resulted from not communicating whether the power was on or off.  The compass was rendered inoperable due to bad communication on the power requirements for the compass.

Reliability

Due to the operating environment for the vehicle, there is no margin for error.  A single leak in the watertight seal will short out various electrical components and could eliminate the AUV from the competition.  Thoroughly testing each component before integration is key to the reliability of the vehicle.  In addition, the team will only attempt tasks at the competition that we are relatively confident we can achieve.  This will increase the reliability of the vehicle, but hurt us on functionality.
	Equipment
	Quantity

	
	

	Pelican Case
	2

	SeaCon Connectors
	10

	DVT Camera Lenses
	2

	Fiberglass Square Tube
	N/A

	Wireless Network Components
	N/A

	Daylight Readable Laptops
	2

	Doppler Velocity Log
	1

	Keller America Levelgage Pressure Sensor
	1

	Sparkfun IMU 6DOF Attitude Sensor
	1

	Tecnadyne Model 250 Thrusters
	2

	Tecnadyne Model 260 Thrusters
	2

	Tecnadyne Model 300 Thrusters
	2

	Tecnadyne Model 300 Thrusters
	2

	Technologic TS7200 SBC
	1

	Legend Series DVT Model 542C Camera
	2

	Li-Ion Batteries
	1

	Li-Polly Batteries
	1

	Wires (Multiple Colors)
	N/A

	ALP-365 Acoustic Locator Flexi-pinger
	1

	Maxstream Xtend radio modem, 900MHz, RS232/485
	2

	24V 3300mAh (20xSc) NiMH Battery Pack
	2

	Multi-Current Smart Charger
	2

	Snap Action Switch E-50 Series
	1

	Underwater Switch for Divers K5000 Series
	1







Appendix

Vision, Team Leader: MIDN Michael Enloe

Mechanical: MIDN James Cappabianca

Electrical: MIDN Heather Studlar

Computer: MIDN Tristan Hannah

Navigation: MIDN Colleen Keicher

Time setbacks:

Electrical fire

Camera housing not watertight

Damage to Seacons

Surgery for Nav

6 week backorder on voltage regulators
Engineering Analysis for kill switch:


[image: image13.emf]COST SIZE WEIGHT MOUNTING REQ.

COST  1 1/2 1/3 1

SIZE 2 1 1/2 2

WEIGHT 3 2 1 3

MOUNTING REQ. 1 1/2 1/3 1



Geometric mean:
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Cost (minimize):      
[image: image15.wmf]
            K5114 K5000 series = $55.53


E50AH16P = $208.00
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[image: image17.wmf]2107
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Size (minimize):

            K5114 K5000 series = 2.315 in3


E50AH16P = 12.06 in3
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Weight (minimize):


Rubber ~ 3 oz.





Zinc ~16oz
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Mounting Req. (minimize):


Attach with a zip tie => 1


Attach with 4 screws => 4
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[image: image24.emf]WEIGHTINGK5000 E50AH16P

COST 0.14114 0.7892 0.2107

SIZE  0.2627 0.8389 0.1614

WEIGHT 0.45501 0.842 0.158

MOUNTING REQ. 0.14114 0.8 0.2

TOTAL 0.827 0.172
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