1. Introduce ourselves							1 minute
2. Present grand challenge (Kelly)	2 minutes
a. To better our understanding of the midwater ocean environment	
b. Midwater time series continuation
i. Value of time series (O2 example)
ii. Increases in efficiency are necessary to maintain unique dataset
iii. Introduce vehicle (Investigations of imaging for midwater autonomous platforms)
3. Technical challenges of migrating the time series from ROV’s to the AUV (Mark) 	5 minutes

Here is the AUV imaging payload, camera, lights and dome port. 

The Dome lens is our window into the visual world of the deep sea and is always the most challenging element of a camera optical and mechanical design!

I am going to describe the technical challenge of designing a camera system for the AUV to allow it to perform the time series transects that have previously been done with the ROV’s.

Our requirement is to provide high quality video for the best possible species identification but now on an AUV that moves twice as fast as an ROV.

To image at the faster AUV speeds we chose a large format large format (“super 35”) camera with an ability to capture high definition images at high frame rates.

To get the most from the camera we needed correspondingly high quality adapter optics including 
The partial hemisphere dome lens HERE.


We could have used a more traditional half hemisphere like this, but the larger radius of curvature of the big dome improves the image quality BUT the design is also higher risk under ocean pressure! 

The shape and size of the flatter glass dome causes more tension stress than a half sphere dome shape.

Glass is a very brittle material and always has small cracks or defects that will grow under stress and can ultimately cause catastrophic failure. These small cracks and defects may be invisible to the naked eye.

When we tested the first design the glass failed at 800 meters, much less than our requirement of 1500 meters!

SHOW CRACKED DOME IMAGE

Now we had a dilemma, should we sacrifice image quality and go back to the traditional half hemisphere design or could we make the larger dome work? We chose to continue working on the high image quality large dome.

Using glass fracture mechanics we determined that the failure was caused by “hoop stress” or the glass wanting to flatten under pressure causing too much tension on the rim.

To solve the problem we redesigned the glass mounting base to include a titanium ring to counter the hoop stress.

To confirm the new design we then went through a multi-step process unique to brittle materials such as glass.

First, the stress on the glass dome was re-calculated for the new design and verified by pressure testing that confirmed the displacement – or strain – of the glass matched the calculations.

Next we determined the exact material properties of this specific type of glass by destructive testing multiple samples of glass.

Knowing the glass material properties, the calculated stress on the glass, and an assumed initial crack size, the rate of crack growth or expected lifetime is predicted.

The last important step is to then proof test the glass for 10 seconds to a pressure about 4 times the working pressure. This test ensures that no existing cracks are larger than the assumed initial crack size. If the dome lens survives this test then it should perform as predicted.

In the case of this dome lens we calculated a 100 hour service life to 1500 meters at 99.5% reliability.

At the end of the service life, the dome lens is replaced OR you can proof test the dome again and it is fully qualified for another service life period at the same 99.5% predicted reliability.

The result of this work is a system with superior optical properties.

SHOW VIDEOS 1 & 2

Here are the results, this is a section of a transect 600 meters long shown at the actual AUV transit speed of 1 meter per second.

For human annotation we slow the video down by 4 x as you see here. The quality of the images from the large dome makes species identification easier.

Observing these images you can see just how much information is there.
This brings is to the data problem. 	2 minutes

The human processing of the video images is a significant bottleneck in maintaining the time series.  It takes about 22 hours to analyze one month’s series of 11 transects.

 As Kelly mentioned, we want to increase the overall efficiency to allow us to continue this important data set.

 To work on this problem we have been applying machine learning to automate the identification and counting of individual species.

SHOW VIDEO 3

In this example, Rob Sherlock – a biologist- identified about ten species in 5 minutes of video. This became the training set for the machine classifier and here you can see it identifying objects and assigning a probability based on what it learned. As the objects approach and becomes clearer, the identification sometimes changes and the confidence in the prediction goes up.

Slowing the image down you can see the classifier first identifying the larvacean filter, then the entire mucous house.

A positive outcome of the work on the dome design is that the success rate of the machine classifier is enhanced by the high quality of the image.

The machine classification work is currently using open source software from Google called “TensorFlow”. This classifier is trained by transfer learning to become a good feature extractor and does not require a pre-definition of specific features or “hand engineering” to create the training set.

The machine classifier can process a transect image set in about 11 hours – half the time as human annotation and shows great promise.

Another exciting development for the AUV transect system is the addition of acoustics sensors to compliment the imaging system and to describe this I turn it back over to Kelly…..

4. Adding acoustics a new ‘sense’ to i2Map (Kelly)	5 minutes
a. [bookmark: _GoBack]Matched acoustic and imaging data for ‘acoustic fingerprints’
b. ‘See’ much further from the vehicle
c. Extending the range of behavioral observations (tracking)
d. Observe behavioral responses to platform
i. Compare to ROV to bridge time series
5. Wrap up (Kelly)	1 minute
a. The future - Together, these new approaches will be used to add nighttime surveys to the time series
b. Understanding the mesopelagic is critical and timely
