Task Area 1: ROV and AUV control for surveys

As described in the discussion of our work in 2013, we have had significant success developing and fielding automated pilot aids for MBARI’s ROVs.  We have now fielded DVL-based station-keeping and control systems for Ventana, Doc Ricketts and the miniROV.  We have also demonstrated a new vision-augmentation capability that can eliminate the drift that is inherent in any DVL-based system, enabling guarantees of 100% coverage when performing surveys, which is a unique capability within the industry.
[Mike, you might want to read what we said we accomplished in 2013.  It introduced the idea of a simulator, etc.]

During 2013, we also began extending our automated pilot aids for possible AUV application.  This is motivated largely by the goals of Caress’s Ocean Imaging Project to field a survey capable, hovering AUV.  The major challenge is that tasks now performed by the pilots will need to be automated.  Examples of such tasks include locating the survey site and monitoring survey swaths to guarantee complete coverage.   

Our plans for 2014 include the following.  These tasks are primarily the responsibility of Mike Risi.  Stanford students will provide support.

1. Continue to support and improve our DVL-based ROV pilot aids in response to field experience.  This includes both the performance of the algorithms as well as the associated pilot interfaces.
Did you fix any bugs?  If so, you might describe them in general terms.

Did you make modifications to the pilot’s interface? (not including the automation stuff in Task 4 below)  If so, how about inserting a graphic and a description.

Screen Shot of new GUI

Screen Shot of waypoint GUI

Changes/Fixes:

· Modified GUI based on pilot feed back

· Fixed drop out bugs between GUI and controller

· Ability to reset home position on the fly

· Added Cartesian moves

· Added waypoint processing functionality and GUI

2. Field vision-augmentation as an operational capability on Ventana and Doc Ricketts.  In 2013, our development code was rewritten in C++ and beta-tested in the field.  In 2014, our goal is to integrate this new code in the pilot’s station.
Can you claim successful completion of this task? It seems like you made a lot of progress on turning Frankenstein into a real monster – i.e. you got that one line of code working.  True?  Can you describe the update?  Note, tweaking the SIFT parameters is covered in #5 below).  Any graphics make sense?

· Screen Shot of trackOverlapHD
In 2014 the SIFT algorithm has been coded up entirely in C++ and can keep up with an image per second or more.  Given the right conditions the algorithm works very well.
Work that remains is to

· make algorithm adaptive to changes in sea floor texture

· integrate the “signal” from the algorithm into the ROV control system

· ignore features that are not part of the seafloor (e.g. fish).  This could be pretty challenging and would probably involve some sort of classifier

3. Enable vision-augmentation for DVL-based vehicle control using stereo cameras instead of frame captures from an HD video stream.  This capability is enabling for any AUV application and may provide an improved method for ROV applications (e.g. using a special tool sled equipped with stereo cameras).
Did you ever get the vision augmentation stuff working with the stereo cameras? If not, how about if we say that this task will completed in the second half of the year?
I hope to test this in December.  This involves separating the algorithm from the image capture.  This will also allow post processing of images and aid in the development of an adaptive algorithm with regard to sea floor texture.
4. Automate the trackline control system used when performing surveys.  Currently, pilots monitor the percentage overlap between successive swaths (aided by our vision-augmentation system) and input goal locations for the next swath manually.  This is required because the overlap achieved can differ from the overlap commanded due to currents, etc.  Our objective in this task is to automate this process.  This capability is enabling for an AUV application, and may prove beneficial as an additional pilot aid.
Am I correct that you have automated the StationKeepingAPP using DVL, but not the vision side-2-side correlation?  If so, how about declaring success on automating the task:   note that it yielded a 9x increase in efficiency and that everybody likes it so much that you’re taking it to Axial.  Can we say that you’ll automated the side-2-side overlap later this year after you’ve completed Task #5?
This comes back to, “I’m getting a homography, so what!”  Whether or not the algorithm is robust, I’m still not quite clear on what to do with the homography.  I owe you some homography examples, namely a

· pure translation homography

· pure rotation homography

· a combined translation/rotation homography

Marcus was working with me to help me to understand what to do with the homography, we need to finish this.  I also need to dig into some of the examples in more depth to figure some of this stuff out.
5. Automate the tuning of SIFT parameters.  SIFTs are visual features detected in an image and are integral to our current vision-augmentation algorithms.  The issue is that SIFT algorithms have parameters which must be tuned to optimize performance over a variety of lighting conditions, and these adjustments are typically done by a human operator.  This is feasible for ROV applications, but not for AUV applications.  The goal of our work in this area is to develop algorithms which can automate this tuning process. 
Is this where you should document the simulator you’ve built on your bench?  What, if anything, can you say about progress on getting the SIFTs tweaked up.  Note:  stuff like histogram corrections (instead of SIFT parameters) are also fair game to mention.

The simulator as I envision it is not done, hopefully before the December cruise.  I did add CLAHE and HD capture to the algorithm and it massively improved performance.  Sometimes performance is too good (e.g. over clam field)  and sometimes still to weak (e.g. gray mud).  The algorithm may never be robust enough to handle a pure gray mud situation, just not enough signal.  Interestingly, however, the LIDAR revealed a great deal of texture in gray mud that was not apparent in images.  Is there potential to integrate this information into the algorithm in realtime?

This is an on going task and will continue into 2015.

6. Enable frame grabs from an HD video stream and import them into OpenCV as a "Mat" image object.  Currently the precision control software can only capture NTSC frame grabs.  This is due in large part to legacy hardware and software.  Currently every ROV at MBARI is capable of producing HD SDI video, including the miniROV.  The precision control project would like to test HD frame grabbing hardware to take advantage of the HD SDI video stream that is available on these platforms.  (We are requesting support from Duane Edgington to complete this task.)

Is this Duane’s stuff?  Can we declare success?  Any graphics or block diagrams?
Can you think of anything else to include in the work accomplished?  

Can you generate a list of what you want to do next year?  We should separate this list into tasks that are continuations of 1 through 6 above, and new tasks.
Yes we got HD frame grabs working in 2014, though not with the hardware I wanted.  I’m going to pick up the frame grab hardware testing with Duane soon.  I really want to use the blackmagic cards because they are cheaper and faster than the Sensoray hardware I’m using.
