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   Brent Roman   
Principal Investigator:
   Brent Roman   
Lead Scientist:


   John Ryan   
Lead Engineer:

   Brent Roman   

Project Title:

   Aerostat Hotspot   
1) ABSTRACT (new projects only)


Project Description:  
MBARI experiments rely increasingly upon interactions among semi-autonomous platforms.  Quite often, scientists are nearby in one or more MBARI ships to coordinate these assets and operate shipboard instruments.  However, the limitations of terrestrial radio are such that the practical range for direct communication from a ship to typical, low-profile experimental platforms is limited to about 1 kilometer.  Historically, this has required the use of space-based satellites to communicate between platforms only a few miles apart.  But, the slowness and expense of satellite based communications impede real-time data gathering and man-machine or machine-to-machine interaction.  In practice, it also constrains ship's movements due to the need to steam within a 1km radius of platforms when they may require real-time interaction.

We propose to increase the range of direct radio communications from the ship to surrounding assets by deploying an aerostat from it.  FAA regulations generally allow for the operation of “Moored Balloons and Kites” up to 150ft above the earth without notification.  Operation up to 500ft would require FAA notification.  Operation from 500ft to 1500ft would require a waiver, which, when working at sea more than 5 miles from any airport, should be attainable.

Allsopp Helikites, Ltd. manufactures an aerostat design that combines aspects of a kite and a balloon.  In still air, Helikites function like a balloon, but, unlike any balloon, they also generate significant lift in windy conditions – flying stably in wind velocities from 0 to 35mph.  Various military and commercial organizations have already successfully deployed Helikites from ships.   At MBARI recently, Maritime Robotics presented very successful sea-trial results of their new remote surveillance product employing a shipborne Helikite to image oil slicks.  They claimed to have evaluated many other aerostat designs before settling on the Helikite.

Testing will initially be on MBARI's beach, evaluating ease of deployment and recovery as well as workable radio range as a function of Helikite height.  The first radio package will likely be a 0.1 kilogram long-range WiFi router manufactured by Ubiquiti Networks -- the PicoStation2HP.  This has the advantage of inter-operating with standard WiFi networks.  However, we may also fly packages based on a 900Mhz radios to increase range at the expense of convenience.

It is important to emphasize that the Aerostat is not a “store-and-forward” device or a “data mule”.  The goal is to provide “always on” connectivity over the roughly the 25 to 100 surrounding square miles.  Further, the aerostat is really only appropriate for deployment from a beach or staffed floating platforms.  Weather permitting, the Helikite would be lowered only once every day for just the few minutes necessary to exchange battery packs. Some helium would need to be replenished about once every week.

The recently acquired MBARI Waveglider is enhanced by this Aerostat Hotspot proposal, as the aerostat would enable scientists to remain in real-time contact with the Waveglider while it patrols a much wider area and could adjust their experiments in response to fronts or other phenomena it observes. 

The Waveglider Hotspot is intended to by used as a “data mule”, storing data uploaded from vehicles that need to minimize time spent on the sea surface.  However, experimenters must still wait for the relatively slow Waveglider and the very expensive ship to rendezvous before gaining accesses to unabridged data.   In many cases, the Aerostat Hotspot would greatly reduce or eliminate the need for these rendezvous, freeing both ship and waveglider to do more exploratory science.

2) PROPOSAL

a) New Projects
Statement of the problem, why it is important

   [N/A]   
How does it relate/contribute to MBARI’s mission and strategic plan?
   [N/A]   
How does it relate/contribute to the Packard Foundation’s Ocean Visions Grantmaking policies? (See http://mww.mbari.org/oed/OED_Documents3.htm#Packard for documents.)
   [N/A]   
Does it relate to the Technology Roadmap? If so, please describe how. 
(See http://www.mbari.org/about/TechnologyRoadmap.pdf.)
   [N/A]   
Approach to the problem
   [N/A]   
Publications (from other projects over the last 5 years)
   [N/A]   
b) Continuing Projects
If the proposed project includes multiple individual projects, please list each of these projects as a subheading in the proposal. For each subheading, please address the following:

Current status of project and results to date
2/12/14:
Larry Bird built an excellent stand for the kite reel.
Flew the kite for about one hour Wednesday afternoon.

Maximum altitude reached was about 350ft. 

3/12/14:
We learned that the kite reel frame must be staked down into the sand.  Winding in the helikite was difficult, but doable. A longer lever on the reel would be a good idea. 
The kite's angle of attack does increase by about 20 degrees in a stiff breeze.
 Any antenna mount should be gimbaled or allow repositioning. 

3/28/14:
First flight of the aerostat with an inexpensive WiFi access point. 
The WiFi signal was still strong more than 1.5 miles from MBARI.


4/3/14:
Second flight of aerostat with WiFi access point determined useful range over land to be about 2 miles.
4/16/14:
Mounted GPS/radio package about a meter above the water on the Paragon with Jared's help.

Demonstrated reliable comms from aerostat above MBARI to the Paragon out to 5 miles, with some data transfer as far as 7 miles to sea.  Determined that kite need not be flown very high to increase range in this configuration – just 150ft appeared to provide significant range improvement.
5/8/14:
Moved GPS/radio package from Paragon to Carson.

Initial tests indicate that range from the Carson is reduced to about 2 miles.

(possibly due the proximity of the large metal superstructure)

7/17/14:
Kurt Kiesow of the Jupitor Research Foundation (co-inventor of the WaveGlider) called to discuss the possibility of a collaboration to develop a camera package for the aerostat that would be tethered to Liquid Robotics wave gliders.  He intends to deploy these by the end of the year to monitor whales off Hawaii.

7/28/14:
Planned first Waveglider<->Helikite networking test for mid-August.

For this first test the Helikite will be flown on shore at MBARI.
Does it relate to the Technology Roadmap? If so, please describe how. 
(See http://www.mbari.org/about/TechnologyRoadmap.pdf.)
The Aerostat Hotspot in intended to facilitate communication among multiple instruments, vehicles and scientists so they may more efficiently and intensively study a patch of ocean.  There appears already to be both internal champions and a well qualified external collaborator interested in developing a camera payload that would transform the aerostat into a direct sensing instrument in its own right.
Significant changes from previous project proposal 
The original proposal for 2014 foresaw comparing three different radio packages.

Of those, only the 2.4 Ghz WiFi radio has been tested thus far.

Its low cost and adequate performance have encouraged us to skip directly to developing deployment strategies on MBARI vessels.  Radio technology will steadily improve and switching radios in future is not particularly difficult.  Therefore, our next focus will be to explore ship-borne operational issues.  We will nonetheless budget for experimenting with a 900 Mhz radio in the latter half of 2015.


Publications based on the results of this project only
KUSP radio did a news piece on the project:
http://blogs.kusp.org/features/2014/06/04/ballons-cheaper-than-satellites

c) New and Continuing Projects: Plans for 2015
Research Activities

Engineering/technology development
Work with Marine Operations to purchase and/or build appropriate equipment deploying the aerostat from the the Paragon, and later, from the back deck of Rachel Carson.  Equipment would include an electric winch and possibly fairleads for tether handling.

Initial testing of the ship-borne aerostat will be to a radio on the beach.

The next phase of testing will be with the same radio temporarily mounted on an existing MBARI mooring.

The third phase of testing with be to install compatible radios and antennas on the waveglider.

There is also an opportunity to collaborate with the Jupiter Research Foundation to develop and test a high-definition camera payload.
Field programs (detail ship requirements/deployments/diver requirements)
Five days of Paragon ship time.

Three to five days of Carson time.  Carson ship days can likely be shared with other projects.

Three to five days of Waveglider time, possibly shared with other compatible projects.
Specific deliverables
System and procedures for deployment of the aerostat from the Paragon and Carson.
Specifically a portable electric winch and tether handling.

Alternate (likely 900Mhz) radio package.

Possibly develop a high-definition camera payload in collaboration with Jupiter Research.


Milestones (see personnel classification list)

	2015 Project Start Date: 
1/1/2015
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	3/15/15
	5/1/15
	7/1/15
	9/1/15
	
	

	Milestone Description
	Deploy on Paragon
	Deploy on Carson
	Test Camera Payload ?
	Test 900Mhz Radio
	
	

	EE
	
	
	
	
	
	

	SE
	
	
	
	
	
	

	ME
	
	
	
	
	
	

	EE Tech
	
	
	
	
	
	

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	
	
	
	
	

	Machine Shop
	
	
	
	
	
	

	Divers
	
	
	
	
	
	


Note:


Camera Payload is very speculative at this point.


Depends on collaboration with Jupiter Research

Budget justification
	Quantity
	Description
	Unit Price
	Extended Price

	1
	Portable Electric Kite tether winder/winch system
	$5,000
	$5,000

	3
	Ubiquiti PicoStation2HP WiFi radios
	$  100
	 $  300

	3
	2.4Ghz WiFi antennas
	$   70
	 $  210

	2
	LiIon Batteries
	$  200
	$   400

	2
	Cables, connectors, etc.
	$  350
	$  700

	2
	Freewave radios  (FGR2 bare board)
	$  700
	$1,400

	2
	900mhz antenna for helikite
	$  100
	$   200

	4
	900mhz WiFi radio
	$  350
	$1,400

	1
	1000ft kite tether
	$  300
	$  300

	
	
	
	

	
	TOTAL
	
	$


Project team
No changes to the project team are forseen.

Larry Bird will be the ME.  Denis Klimov the EE.  Brent Roman will play the SE and project manager.

John Ryan will continue to act as science application advisor.


Project lab space
No dedicated lab space is required.
Data availability outside project team, uniqueness
Initially, data will be made available on request via email to just about anyone.  If the level of interest grows to the point where this becomes impractical, we will create a public website to host the data.


Export Regulation
Does the project team anticipate any foreign collaborations or international travel? If so, please identify collaborators by name, institution, and country.
N/A
Does the project team plan or anticipate export controlled purchases, shipments, or transfers of items (e.g., research instruments, proprietary data, hand-carried tools or samples) outside the U.S. temporarily or permanently? If yes, please identify country or countries and indicate whether these items will remain under MBARI control while abroad or controlled by others. Will the items be exported to more than one country? Please include foreign collaborator information as described above.

N/A
Monterey Bay National Marine Sanctuary SESAs (General map)
Projects will need to indicate whether or not work will be conducted within one of the Monterey Bay National Marine Sanctuary's Ecologically Significant Areas (SESAs). An interactive map can be found on the Sanctuary's SIMoN webpages at http://sanctuarysimon.org/maps/sesa/. (Note: It may take a moment for the page to load, so please be patient.) To determine if your work will occur in a SESA, specific coordinates can be entered using the locator function (click on the red "target" button in the toolbar at the top of the map). If your work will be conducted in one of these areas, please indicate which area, by number. 

None
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk
	

	High
	
	
	
	

	Medium
	
	
	
	

	Low
	
	
	
	


��



	 This date and number should remain the same for the duration of the project. If your project start date for 2015 is not January 1, please indicate the start date in the first cell of the milestone chart.


�	 Development and infrastructure projects must complete the risk matrix (see item #5 at the end of the proposal form).


�	 Not all projects will require all four titles to be filled in. Please indicate individuals only for those titles that are appropriate for your project. 
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	 This number should be the same number you entered on the resource requests for this particular resource.
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