NASA/JPL INFLATABLE ROVER (Tumbleweed)

South Pole Testing Request to NSF & Tumbleweed System Description

Request Summary:
NASA/JPL scientists are interested in deploying in South Pole an inflatable rover that is essentially a big ball (2 meters diameter, 20kg mass) with instruments in it (GPS, meteorological data, etc.).  They want to travel to South Pole Station (we seek from NSF to provide transport and accommodations from Christchurch NZ and back to NZ, NASA would fund the investigators and travel to Christchurch), and release the rover. South Pole is ideal due to the environmental conditions and the fact that long stretches of the ice sheet can be traversed by the unmanned rover resulting in a deployment of sufficient duration and distance to provide a significant test of the functionality of the systems involved. The rover does not contain any materials that are hazardous now or in the future to humans or animals.  Topographical data from the traverse will be provided to the Antarctic Digital Database in accordance with an agreement.

Principal Investigator Info:

Alberto Behar, PhD

Phone 818-687-8627, alberto.behar@jpl.nasa.gov

JPL, M/S 198-235, 4800 Oak Grove Drive, Pasadena CA, USA 91109-8099

Birth date: Sept. 12, 1967, USA Citizen

NASA Program Manager:

Dr. Waleed Abdalati, Code Y Earth Science, NASA Headquarters, wabdalat@hq.nasa.gov

Funding and Support

Previous logistics provided by NSF (Greenland)

Current: NASA Earth Science (Waleed Abdalati Code Y) 

Previous: NASA Aerospace Technology (Code R)

Scientific Objective of Initial Long Range Deployment:

Traverse Objective: Determination of topography and environmental measurements along route.  The Tumbleweed traverse from South Pole Station to the coast will provide a topographic reference line suitable for use as a tie point in the generation of topographic charts from such data sources as radar interferometry.  While there are a few traverse route data sets for central Antarctica, they are sparse and few are from the GPS era.  Inspection of the ADD charts shows the pebbly regions where tie point data are deficient, and these regions are in the central areas of both East and West Antarctica.  The choice of starting point (at the South Pole) was discussed with ADD, and the data generated will be provided directly to ADD for use in generating future charts.

Equipment Characteristics

Tumbleweed consists of an electronics package suspended in inflated ball; ball is 1 layer of nylon; total system mass less is than 10 kg; 2 m diameter inflated; inflation with air takes 10 minutes; minimum wind for movement is 5 m/s; acquires and transmits GPS/environment data en route via Iridium modem, speed estimated at 5-10 m/s.

Goal of Test

Demonstration of technology of possible scientific use in Antarctica and similar sites; additionally, a demonstration of Tumbleweed in conditions similar to Mars mid-latitude summer.

Measurements Made

The test will produce a record of Tumbleweed’s location with time, resulting in topographic data, as well as temperature information.

Test Scenario

Tumbleweed is transported on flight of opportunity to South Pole Station, inflated, tested, calibrated, checked for communications link, and, when ready, released; progress of Tumbleweed is monitored real-time anywhere in the world via web (receiving node at JPL).  A wind direction of 80 degrees and speed of 7 m/s would be optimal.

Personnel requirements

Unit could be deployed by one person (setup, check subsystems and release). Total time on the ice is 4-7 days.

Test Range: 200km minimum expected traverse distance
Duration of Test: 1-10 days
Scheduling of Test: Any time during an upcoming field season.
Equipment Retrieval: Not required by NASA/JPL

Other Collaborators:

Dr. Frank Carsey, Jack Jones, Jet Propulsion Laboratory, Pasadena, California

Prof. Ken Jezek, Ohio State Univ, Geology Dept, Past Director of Byrd Polar Research Center

Dr. A. Paul Cooper (British Antarctic Survey) will assist with topography

Justification

The Tumbleweed Ball will send traverse GPS location measurements, temperature and pressure data every 20 minutes for the entire approximately four-ten day travel from the summit to the coast.  This test will confirm the viability of using inflatable balls for both the Tumbleweed and inflatable rovers in general.  This test will enable future Earth Science Tumbleweed missions to the Arctic and Antarctic regions to measure ice thickness and temperature (global warming), ground UV intensities (ozone depletion), and possible subsurface meteorites (radar and magnetometry). These rolling tests will also be a major boost for Tumbleweed applications at other solar system locations including Venus, Titan, Io, and Triton, and for Inflatable Rover applications on all the solid planets and moons in our solar system. 

Objective

Although field tests have been successfully conducted of scale models of the physical ball in the Mojave Desert and Greenland a long-distance test with an actual Earth Science data gathering component has not yet been conducted.  Subsystems that have been tested individually at JPL and in the field include a rolling Iridium satellite communications system, rolling GPS, rolling imaging, and rolling temperature and pressure instrumentation.  In fact, many of these instruments, have been successfully tested on numerous, non-rolling stratospheric balloon flights conducted jointly by JPL in Antarctica-like temperatures (-40C).  Future Tumbleweed instruments that have already been tested in Tumbleweeds at JPL include a rolling subsurface radar that can determine ice thickness for global warming measurements, and a rolling magnetometer to measure local magnetic anomalies, such as buried meteorites on earth or tectonic plate shifting on Mars. 

Implementation

We propose to test a rolling GPS system, temperature and pressure devices, a battery power supply, and an Iridium satellite communications system into a 2-meter diameter Tumbleweed ball. The system has been thermally verified at -20 deg C and then field-tested on the ground while rolling in Greenland.  A sequence of events for a long-range traverse is as follows: upon arrival we will then inflate the ball, provide testing and confirmation of operation, and release it.  The Tumbleweed will then transmit all data, every 20 minutes to JPL in Pasadena, during the approximate multi day voyage that is required to reach the ocean hundreds of kilometers away.  The polar perennial winds travel generally to the coasts, and a track will be chosen, dependent on exact launch conditions available at time of deployment.

General Scientific Rationale

Spaceborne science frequently requires timely in-situ data, and in polar-regions this data may be needed on large spatial/temporal scales and at sites of marginal accessibility.  Autonomous, instrumented rovers can fill this need in some cases at a quite reasonable cost.

Current and Future Robotic Vehicle Development Plan

We plan to design and build a sequence of robotic vehicles for sea ice and ice sheet work. Our basic design concept is the inflatable autonomous solar powered rover.  Our near-term goal has been the development of a simple and inexpensive wind-propelled “Tumbleweed” rover that has been built and tested in the nearby desert, in Alaska and in Greenland.  Later we plan 4-wheeled systems for the sea ice work, and the “ultimate” polar rover may have 6 wheels, or more, for optimal traverse capability. 

Tumbleweed Technology Advances:

The tumbleweed is simple; it is propelled only by the wind; it has no navigational control; all it can tell us is where it is.  Nevertheless it is a platform that allows certain significant technologies to be explored, developed and tested.  These technologies include:

•Communications and data handling

•Power management

•Ground station infrastructure

•Long traverse experience for materials and design

•GPS as localization method

Next Technology Focus Areas.

Some quite demanding technologies remain to be addressed before a long-range autonomous traverse over Antarctica or the Arctic Ocean can be reasonably planned. These will be central to future work to be done; they include:

•Hazard identification and avoidance

•Vehicle health monitoring

•Scientific and operational autonomy

Future Technology Objectives:

•Issues of longer traverses

•Additional sensors

•Vehicle and mission recovery from non-fatal problems

•Winter traverses, possibly wind-powered power systems

Added Sheets:

The added information includes a system description, followed by a nominal rover path, some wind characteristic data and finally some information on the results of the Greenland deployment in May 2003.
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Greenland Ice Sheet Field Testing Narrative of the Tumbleweed Rover

Christopher J. Lesinski, August 2003

The first inflatable wind-driven spherical prototype rover, the Tumbleweed, left JPL bound for Summit Camp Greenland July 14th  2003.  Summit Camp is a semi-year-round research facility run by the National Science Foundation located at the apex of Greenland’s ice sheet.  This location was chosen for testing the wind-driven rover because the terrain around the research facility very closely imitates the kind of conditions expected elsewhere in the solar system.  The ice sheet is large, flat, cold, and devoid of any plant life or any man made structure that might impede the progress of the Tumbleweed.  And the expected high winds of summer would be more than adequate to propel the Tumbleweed on its maiden voyage.

Once the Tumbleweed arrived at Summit Camp Dr. Alberto Behar of NASA’s Jet Propulsion Laboratory (JPL) verified that the systems survived the plane trip and made a few basic modifications to the program to allow the Tumbleweed to regulate its own internal pressure.  The Tumbleweed was then placed in a nylon mesh pen, affectionately called the petting zoo, until the winds were deemed strong enough to warrant its release.  

Wind speed finally reached over 15 knots on Friday, August 1st  and the call was made that this was the time begin the final phase of testing.  At 14:46 pacific daylight time (PDT), the first fully-functional Tumbleweed prototype was deployed from a location just north of Summit Camp.  The Tumbleweed began its first and last journey rolling north by north-east at 5 kph as the Summit Camp team took pictures and called in a successful deployment over the iridium satellite phone.

As the test proceeded windspeed decreased slightly as the wind changed direction, and at 15:46 PDT the wind was no longer strong enough to push the Tumbleweed.  Only 14 minutes later the wind picked up and the Tumbleweed began rolling north-east at a brisk 8 kph.  During the following 20 hours the Tumbleweed systems functioned very well.  It collected data at a rate of 5 samples per minute and transferred the information over the iridium network in 20 minute intervals to a computer stationed at JPL.  Average rolling speeds were found to range from 4 kph to up to 12 kph, with instantaneous speeds shown from the Global Positioning System (GPS) to be as high as 16 kph.  Not only did the Tumbleweed have to withstand the shocks of traveling at high speeds but also the extreme variation in the internal temperature which dropped to a chilling -13ºC and rose at one point to a scorching 64ºC.

In spite of the extreme conditions weathered by the Tumbleweed only one potentially mission-ending incident occurred Saturday, August 2nd  at 03:40 in the morning.  The JPL based computer running the Ground Station software experienced technical difficulties and refused to answer the phone to receive data from the Tumbleweed.  The connection was not restored until 08:48 later that morning to find the Tumbleweed still running as usual collecting data and making calls every 20 minutes.  At 10:21 later that day, the Tumbleweed inexplicably stopped rolling and never moved again.  In the relatively short 19 hours and 45 minutes since it’s release the light-weight inflatable sphere had dropped 80 meters in altitude and was now over 131 km from it’s original position.  

The result of the journey was an average speed well in excess of 6.5 kph.  These speeds are unthinkable in today’s conventional rovers which average little more than .05 kph on flat dry ground, and are run much slower as a safety standard.

At its final location the Tumbleweed continued to collect data and send it to the JPL computer until Sunday, August 10th  when the batteries could no longer power the iridium modem and no further calls were made.  Based on previous tests on the rooftops of JPL, the Tumbleweed most likely continued gathering data for a further 1.5 to 2 hours.  Then within a matter of minutes the air pump, sensors and later the BasicStamp Microcontroller would finally become inactive.

It is at this location that the Tumbleweed will remain presumably until the end of time.  Any attempt to retrieve it would be costly, dangerous, and inevitably unnecessary since plans to construct the next generation Tumbleweed rover are already underway at JPL.  A version of Tumbleweed is expected to be deployed in Antarctica in 2004, and the Tumbleweed design may one day find itself rolling on the polar icecaps of Mars or traversing the icy moon of a distant planet in the not too distant future.

	
	Greenland Statistics
	
	
	

	
	TW extreme speeds*
	Data point
	Day
	Time (PDT)

	Max
	11 kph (E)
	2300
	Fri, Aug. 1
	22:00

	
	12 kph (SSE)
	3650
	Sat, Aug. 2
	09:05 

	
	
	
	
	

	Min**
	4 kph (NE)
	950
	Fri, Aug. 1
	16:39 

	
	4 kph (E)
	2900
	Sat, Aug. 2
	00:46 

	
	*  All speeds shown are approximate averages, taken as the mean of a localized majority of clean data points.

   Instantaneous speeds of up to 16 kph were reported by the Global positioning system.

** Minimum rolling speed without stopping.

	
	

	
	

	
	
	
	
	

	
	Internal Temperature
	Degrees (C/F)
	Day
	Time (PDT)

	
	Max
	64/147
	Mon, Aug. 4
	08:04

	
	Min
	-13/8.6
	Fri, Aug. 1
	19:50

	
	Min (second occurrence)
	-13/8.6
	Mon, Aug. 4
	18:45

	
	
	
	
	

	
	Internal Pressure
	Pressure
	Day
	Time (PDT)

	
	Max
	0.43
	Mon,. Aug. 4
	05:52

	
	Min
	0.13
	Wed, Aug. 6
	15:40

	
	Min (second occurrence)
	0.13
	Thu, Aug. 7
	15:40

	
	
	
	
	

	
	Position
	Latitude
	Longitude
	Altitude (m)

	
	Initial
	72  34'  45.1" N
	38  27'  14.9" W
	3250

	
	Final
	72  23'  7.7" N
	34  34'  47.4" W
	3070

	
	
	
	
	

	
	Battery Longevity:
	205 hrs 21 min 20 sec  (8.5 days)
	

	
	Displacement:
	131 km (81.4 miles)
	
	

	
	
	
	
	

	
	Summary of Tumbleweed Events
	

	#
	Event (Direction)
	Data point
	Day
	Time (PDT)

	1
	Started rolling (NNE)
	380
	Fri, Aug. 1
	14:46

	2
	Direction (NE)
	470
	Fri, Aug. 1
	15:04

	3
	Stopped
	585
	Fri, Aug. 1
	15:26

	4
	Started rolling (NE)
	655
	Fri, Aug. 1
	15:40

	5
	Direction (ENE)
	1300
	Fri, Aug. 1
	18:29

	6
	Direction (NE)
	1700
	Fri, Aug. 1
	19:54

	7
	Direction (ENE)
	1800
	Fri, Aug. 1
	20:54

	8
	Direction (E)
	2100
	Fri, Aug. 1
	21:20

	9
	Direction (ENE)
	2500
	Fri, Aug. 1
	22:43

	10
	Direction (E)
	3100
	Sat, Aug. 2
	01:55

	11
	Direction (ESE)
	3250
	Sat, Aug. 2
	02:26

	12
	Lost contact with rover
	3567
	Sat, Aug. 2
	03:40

	13
	Regained contact with rover
	3568
	Sat, Aug. 2
	08:48

	14
	Direction (SSE)
	3568
	Sat, Aug. 2
	08:48

	15
	Direction (SE)
	3800
	Sat, Aug. 2
	09:32

	16
	Direction (SSE)
	3900
	Sat, Aug. 2
	09:51

	17
	Direction (SE)
	4000
	Sat, Aug. 2
	10:10

	18
	Stopped
	4062
	Sat, Aug. 2
	10:31

	19
	Lost contact with rover
	
	Sun, Aug. 10
	04:07:27
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Bpecs:
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