LST Basics
This is a very brief description of what the LST is comprised of, and each components functions.
1. Custom SOLO I float: this float was modified with a different gearmotor to (faster/lower pressure) hover in shallower waters than traditional SOLO floats. The SOLO computer takes care of the following tasks:
a. Control of buoyancy engine and subsequently depth
b. Stores and executes all profile parameters ( number of dives, depth, hover time)
c. Fill/empty surfacing air bladder
d. Controls Iridium and GPS comms when surfacing
e. Records CTD profile data
2. Sediment trap
a. Four COTS plastic funnels used in parallel
b. Two or three sets of four cups to collect sediment
3. Databridge Serial Datalogger
a. Sends messages at programmable intervals to the modem (most used to initiate burnwires)
b. Record serial traffic from modem (was used in Iceberg work not Canon)
4. Benthos Modem
a. Activate burnwires when commanded either acoustically from surface ship or via the serial port from the databridge
b. Can be used to range between LST and ship or AUV
c. Used under icebergs as a rangefinder to detect presence of icebergs
5. Burnwires: hand-made burnwires are used to
a. Release ascent weight to allow the float to surface faster
b. Used in conjunction with Seabird catches to rotate cups beneath the funnels
6. Weights: 
a. A descent weight which is released by a pressure-activated guillotine is used to allow the float to sink quickly to depth, which helps overcome the issues of entrained air at the surface affecting the ballast
b. An ascent weight released by a burnwire allows the vehicle to surface quicker, may be unnecessary for shallow dives in the bay.

LST Issues

1. Ballasting the floats:  Precise ballasting to achieve neutral buoyancy in the target water density (temp, salinity, depth).  The Solo1 floats have a buoyancy engine that provides only 200g change.  For Argo floats, ballasting is done in a pressure chamber, but the LST assembly is too large, so our most accurate technique is in-situ ballasting using an ROV. This is very expensive and time consuming, in fact the ship day costs nearly as much as a base model float. We have adopted a tank ballast procedure that works, though requires a dedicated test dive to measure the offset trim before conducting science dives.  The Solo2 floats have a much larger capacity buoyancy engine, 750g, so it can overcome imprecise ballasting. 

2. Programming the SOLO float- It is not simple to program and run the pre-dive mission checks for the SOLO float itself The Solo floats are designed for a simple mission and the code is just cloned from previous vehicles.  If the user is not careful one badly assigned parameter can have a large impact on the success of the mission, and there are many parameters. If the ship operations are running late, then the float needs to be reprogrammed before launch, which can be time consuming and interfere with overall operations.  I think this a problem we would have to live with, perhaps the SOLO II’s are easier to program.

3. Programming databridge: the databridge is used to send serial messages to the modem, and also log serial data from the modem. The databridge has a fairly user-friendly interface but setting up the messages, which were used to trigger the burn wires that drop weights and move the cups, is difficult because the time base is elapsed seconds.  This is another thing where a small error, such as forgetting a digit, can result in a mission failure. The other confusing part is that the SOLO is running off UTC, and the critical times (such as abort time) are set in UTC.  A lot of time is spent calculating to make sure the Databridge (elapsed seconds) and the SOLO (UTC) are working on a compatible schedule. The worksheet for these calculations takes up two pages.  Again- if there is a last minute deployment schedule change, all of these calculations need to be redone last minute.

4. Burnwires: while burnwires are mostly reliable they have two big issues, first is that they need to be serviced after each deployment, which is time labor intensive. Secondly, they forced the mechanical engineer into a spring-loaded mechanism for rotation of the cups, which ends up being a little too fussy.


5. Difficulty in assembling the LST: the way the current system is designed, to disassemble and reassemble the SOLO float for a battery change takes between a half and whole day of one person’s labor. Each step in this process is more difficult and frustrating than the previous step. These floats were never designed to be recovered and serviced, and as a result they did not optimize them for ease of assembly. This issue has been made worse by the number of boards and cables we have crammed into the float.  We have had issues in the past of shallow-water leaks after servicing; because of this the units need to be tested for water tightness after each servicing.

6. Funnel-cup rotation assembly- due to our limited actuation abilities the funnel turntable mechanism is just too ‘fussy’ as Larry Bird would say. This means that many parts have to be aligned just so to make it work correctly. Much like the issue with the programming, it is just too easy to make one mistake that would result in a mission failure.


7. Lithium Battery packs: the LST uses Li primary packs, these are very expensive and disposable. It is almost impossible to tell how much life is left on a pack because Li batteries do not show a drop in their voltage until the pack is almost dead. What this means is that you must keep a good record of energy consumption for each pack, otherwise you end up having to replace the packs early because you do not know how much energy is left. (See point 5 on replacing the batteries). One thing that kept us using Li packs is the high current draw of the modem. If the modem is removed from the system it might be worth evaluating other battery options.

8. Relocation: Although we thought the upgrade to Iridium we be the solution to relocation issues, it turns out that we lost a vehicle to an Iridium failure (whether an antennae or software or electrical issue is unknown). A  radio beacon is a good cheap back up, but you have to be very close with a ship to pick up the signal. A better and much more expensive solution is a compact stand-alone Argos beacon like the ones used on the LRAUV.


9. [bookmark: _GoBack]Benthos modem: the modem on the LST was originally used in the Antarctic to detect the presence of an iceberg over the float. It is the most expensive thing on the float (at about  $6,000), and may not really be necessary. If the LRAUV can find track to the LST with just a simple shallow transponder on it, that might be a more cost effective solution, not to mention the space it takes up in the vehicle.

Suggested LST future direction: The improvements and trade-offs to be analyzed in more detail, but from our perspective the following seems the best course of action for continuing the LSTs:
1. Use SOLO II which has much larger buoyancy engine
2. Our collaborators at Scripps are willing to modify the SOLO II to improve it’s shallow water performance
3. Use SES style rotating mechanism, which employs a motor in an oil-filled housing to rotate cup position
4. Use SES computer, motor drive, and software. The LST tasks are very similar and far simpler than the SES.
5. Add Argos beacon or some secondary back up for Iridium

Estimated cost of new LST:
	1. SOLO II float: $20,000
	2. Labor for modifications at SIO: $5,000
	3. Funnels and turntable parts: $3,500 (plus 15 days Machine shop time)
	4. Duplicate of SES electronics: $2000
	5. Wet cabling and connectors: $2500
	6. Turntable motor in oil-filled housing: $2800 (from McLane could be cheaper)
	7. Addition Argos and RF beacon: $2,000
	
	Estimated total $37,800


	Software comments from Rich on LST/SES 
I'll give you two estimates based on two different approaches we discussed.

(A) Use the SES system software to handle both the EZStepper and Wakey board

Of course, most of the effort in this approach would be spent getting the SES code to work on another system (I assume a
system that consumes way less power than the TS-7000 could do the job and that the power budget would be the major
driver here). That means, getting the Ruby interpreter to run on the embedded system, including the serial port support.
But, after that modifying the code to move different counts and to sleep different time periods is trivial. Non-programmers
would modify the movements and sleep times through the existing mission-plan-in-XML fashion.

Low: 40 hours (system already has Ruby installed, or can get it with simple package install tool)
High: 100 hours (build our own Ruby interpreter, add-ons, etc.)

(B) Create a new but much smaller/simpler system in C/C++ to run on a much lower power SOC

In this scenario, most of the effort would be spent writing the EZStepper driver and overall control system. However, I'd guess
that there are a lot of examples of C/C++ interfaces to the EZStepper to borrow from. The interface to the wakey board is fairly
easy and could be written in less than a day. The new control system would be designed to read a simple text file describing
the movement and hibernation times, or something about that easy.

Low: 30 hours
High: 75 hours


Let me know if you need more, less, or something different.

-Rich

P.S. Knowing the little that I know, I'd recommend (B) because the SES control system is overkill and you'd be happier with
a smaller code base to deal with.


