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System for Remote Autonomous GPS and Seismic Stations in Antarctica 

Year 1 [1 Oct 2006 – 30 September 2007] progress report 

1. Project Summary: 

Major advances in addressing many compelling questions in polar geoscience 
require continuous recording of GPS and seismic data. Logistic expenses require 
systems that can operate unattended for multiple years. This project is 
developing a new system that will enable the polar science community to obtain 
critical new data sets to address many fundamental questions about the nature 
and behavior of the crust and mantle beneath Antarctica and its relationship to 
ice sheet dynamics and climate. New technological achievements in GPS 
receivers and seismometers make it possible to use off-the-shelf units for 
autonomous recording in polar regions, and we are developing power and 
communication systems to permit year-round autonomous station operation. In 
this development effort IRIS and UNAVCO are teaming with the Antarctic GPS 
and seismology scientists to design and build a reliable power/communication 
system for autonomous polar station operation. The power/communication units 
built will form the nucleus of a new IRIS/UNAVCO equipment pool, and will allow 
the science community to achieve the first long-duration deployment of 
continuously recording GPS and seismic stations across the Antarctic continent 
proposed to commence during the International Polar Year (2007-2009). The 
goals of this project are to use the latest power and communication technologies, 
linked with the collective experience/expertise of the science community and 
IRIS/UNAVCO staff, to 1) design, integrate, and test a scalable power and 
communication system optimized for ease of deployment and reliable multiyear 
operation in severe polar environments; and 2) provide an initial pool of these 
systems for deployment and testing in science experiments. This progress report 
provides a summary of the Year 1 UNAVCO effort. 

2. Year 1 Major Milestones and status update:  

a) Prototype site for development and engineering evaluation installed near 
UNAVCO 

The polar remote station test bed at the Marshall field just south of Boulder 
provides a secure and accessible area where standalone systems can be field 
tested for prolonged periods of time (Figure 1). Prior to the Year 1 Antarctic field 
season, the Minna Bluff prototype GPS-Iridium system (a new configuration) was 
tested here to monitor long term performance. Iridium short-burst data and wind 
turbine testing was also performed at the site. In August 2007 a new system was 
deployed based on the Year 1 MRI design efforts for the purpose of having a 
local development site of the same configuration as current field system kits. 
 



 
 
Figure 1 – The Marshall test site near Boulder represents the UNAVCO current “best 
practices” continental margin system. 
 
b) Install wind system prototype on Niwot Ridge near Boulder for winter 
testing 
 
UNAVCO, PASSCAL, and OSU staff installed a new test setup on Niwot Ridge in 
August 2006. Niwot Ridge provides a unique alpine environment proving ground 
on the continental divide above Boulder, and is exposed to severe (80mph+ 
gusts) winds, drifting snow, rime icing, and spindrift. The frame and enclosure 
set-up is a preliminary MRI kit design, and the field installation highlighted 
several needed changes that have been incorporated in field kits. This system 
will serve as a wind turbine test site for the duration of the MRI project. 
 

     
(a)      (b) 
 

Figure 2 – (a) Summer installation crew and (b) winter conditions at the Niwot Ridge 
alpine environment test site. 

 



c) Deploy and install McMurdo (GPS+ full data retrieval+state-of-health data 
retrieval), South Pole (seismic+advanced battery+state-of-health data 
retrieval) engineering testbeds  

The UNAVCO McMurdo test facility was installed in summer 2005-06. 
In summer 2006-07, it was fitted with a Trimble NetRS system utilizing point-to-
point Ethernet radio communications to McMurdo Station (Figure 3). This system 
is similar to the prototype station on Minna Bluff, however it serves a dual 
purpose of advanced component testing and acquisition of engineering data on 
power system performance. GPS data from this site is downloaded daily and 
archived at UNAVCO. 
 

 
 

Figure 3: McMurdo Station Testbed configuration for winter 2007. 
 
This current McMurdo GPS testbed configuration is:  
 
Receiver: Trimble NetRS 
Antenna:  Trimble Zephyr Geodetic (attached to frame) 
Wind:  Forgen 500 and Ampair Dolphin wind turbines  
Solar:  3x BP Solar 80 W panels 
Batteries: 10x Deka SLA gel-cell solar 100 amp-hour batteries 
Comms: Intuicom 900 MHz ethernet bridge radio 
Met:  Vaisala WXT-510 weather station 
Frame: 1.5” aluminum pipe with slip-on, bolted-through fittings 
Power Draw: 5.0 W average 
 
 
Eleven channels of system performance data are being recorded at 15 minute 
intervals during winter 2007 using a Campbell CR10X-XT datalogger (Figure 4). 
Channels are: 



 
1.  Temperature: external 
2.  Temperature: bottom of enclosure 
3.  Temperature: top of batteries inside enclosure 
4.  Temperature: between receiver and radio on electronics board 
5.  Voltage: solar panels 
6.  Voltage: load (output from charge controller) 
7.  Current: Ampair wind turbine charging 
8.  Current: Forgen wind turbine charging 
9.  Current: load (receiver and radio only) 
10.  Current: solar charging 
11.  Voltage: battery bank 
 

 
 

Figure 4: McMurdo Station Testbed receiver and datalogging hardware. 
 
The internal temperature of the NetRS and its input voltage are also being 
recorded several times per day. The McMurdo Research Associate is checking 
the system periodically, especially after storms, and will provide a mid-winter 
download of the engineering data. 
 
A simplified receiver system was installed at the IRIS-GSN SPRESSO seismic 
site near South Pole Station. This installation (Figure 5) consists of a Trimble 
NetRS receiver and Zephyr Geodetic antenna. The antenna is mounted directly 
to the SPRESSO electronics building on a tall wooden post. The receiver 
receives power and ethernet communications directly from the SPRESSO 
building. 
 
The receiver is housed in a small black plastic Pelican case, buried 
approximately 12” beneath the local snow surface (as of February 2007). This 
system provides a long-duration opportunity for qualifying the cold performance 



of the NetRS receiver. Data from this site is being downloaded daily and archived 
at UNAVCO. The receiver temperature has equilibrated at approximately 50 C 
above ambient, indicating that with a small amount of tight-fitting foam insulation, 
GPS equipment might survive polar deployments with simple foam insulation. 
 

  
(a)       (b) 

 
Figure 5 (a): SPRESSO GPS enclosure. (b) SPRESSO GPS antenna. 

 

 

McMurdo Station Seismic Testbed: The PASSCAL McMurdo testbed is a margin-
style seismic station, co-located but independent from the UNAVCO testbed. 
Point-to-point radio communications to the McMurdo network are used. 
 
South Pole Station Seismic Testbed: The PASSCAL South Pole testbed consists 
of a plateau-style seismic station with solar power, lead-acid batteries, and 
lithium batteries. Existing station communications are used for data retrieval and 
control. 

d) Install GPS+data retrieval prototype to continent margin site of scientific 
interest with dataflow 

A prototype GPS station was built on Minna Bluff in February 2007.  This location 
was chosen due to its extremely windy conditions and usefulness as a future 



POLENET site (Figure 6). The goal of this effort was a field shakedown of a 
system that we can have mass produced, is easy to transport and set up, 
withstands the harshest environment, and has the potential to provide year-round 
power. The wind turbine is the only "high-risk" component but as of August 2007 
it appears to be performing well. The system has been refined since this 
prototype deployment and is now entering production mode for the POLENET 
project.  
 
The Iridium link allows such sites to be seamlessly displayed through the 
UNAVCO data archive. To access the data, anyone can go to: 
http://facility.unavco.org/data/gnss/perm_sta.php  
and search on the 4-char ID: MIN0 (or by region Antarctica for all Antarctic GPS 
stations).  
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Figure 6. (a) Location of Minna Bluff Prototype MIN0.   (b) MIN0 antenna. 

 
The station was installed in two flights on a Bell 212 helicopter with a three-
person crew. With an overall station weight was less than 1300 lbs, it meets the 
MRI design requirement to keep the total system weight below 1500lbs. The 
design has also been refined to minimize field installation time to the point where 
it is possible to install a system in a single day visit. Data are being downloaded 
daily and archived at UNAVCO. Temperature and voltage information are also 
being recorded several times daily. This effort, and the current POLENET 
activities in Greenland have resulted in a great leap forward for remote polar 
permanent GPS systems (Figure 7). The MRI developed “best-practices” system 
configuration includes the following components: 
 
 
 



 
Receiver: Trimble NetRS 
Antenna: Trimble choke ring 
Mast:  1 meter mast four bolt mast 
Solar:  2x 90W panels, wind-hardened with panel backing 
Wind:  2xForgen 500 vertical-axis wind turbine 
Comms: NAL Research AL3A Iridium modem 
Batteries: 10x Deka SLA gel-cell solar 100 amp-hour batteries 
Frame: 1.5” aluminum pipe with slip-on, bolted-through fittings 
Enclosure: Hardigg MM24 polyethylene case 
Anchoring: Options as necessary 
Power Draw: ~4.5 W average 
 
More detailed information is available at www.unavco.org/polartechnology, and 
many of the assembly fabrication requirements have been outsourced for mass 
production. 

 

   
 

Figure 7. (a) MIN0 Installation on Minna Bluff. 
(b) SRMP Installation in Greenland was based on the MIN0 prototype design. 

 

e) Report on recommended ‘best practice’ system configuration, provided 
to science community to implement for IPY installations in 2007-08 

The UNAVCO Polar Technology website www.unavco.org/polartechnology has 
been updated to provide a current view of best-practices components and GPS 
system designs, test reports, and related information and is intended to be 
consistent with what we are recommending for remote polar applications. New 
additions include information on all our system components, a report on a gel vs. 
SLA battery cold test to -70C, and a solar and battery power system selection 
chart based on latitude. Recent design efforts pushed by the Greenland 
POLENET project has nearly completed the MRI goal to minimize requirements 
for field wiring, has yielded several improvements in mechanical design, and has 
made major strides toward minimizing field installation time. For broader polar 



technology issues we support the use of “polarpower.org” and crosslink to this 
site.  

With the elimination of the proposed “science coordinator” position the 
envisioned product of compiling a list of best practices based on the collective 
community knowledge base may not be achieved as originally intended. 
However, our intent remains to seek out expertise, critique, and assistance from 
the appropriate greater community experts, and we expect the field kits that we 
provide to reflect “best practices”. Disseminating “best practices” to the 
community is most effectively achieved by delivering field kits that best meet the 
community’s needs, putting the effort into professional system documentation 
and test reports, and remaining focused on the technical support and 
development activities that are within UNAVCO’s scope as a GNSS and related 
power and communications systems solutions provider. For the 2007-08 field 
season we will provide five of what we consider to be ‘best practice’ systems for 
community evaluation and feedback. Two of these are stated for the POLENET 
project, one for Slawek Tulaczyk’s west-Antarctic ice stream research, one for 
Phil Kyle’s Mt. Erebus research, and one for Bob Bindschadler’s Pine Island 
Glacier project.  

3. Community activities: 

A Polar Networks Science Committee and charter were formed per the proposal 
plan. This committee is recognized by, and reports to, both the IRIS and 
UNAVCO boards of directors, and consist of Terry Wilson (chair), Doug Wiens 
(co-chair), Sridhar Anandakrishnan, Rick Aster, Carol Raymond, and Bob 
Smalley. A PNSC section on the www.unavco.org/polartechnology web page 
contains the committee charter and other related committee information. The first 
PNSC meeting was held at UNAVCO in March 2007 with two days of productive 
technical discussions related to upcoming science project needs and some 
significant differences in system requirements between the GPS and seismic 
communities. UNAVCO E&O Director Susan Eriksson joined the PNSC meeting 
to discuss Polar E&O.  Susan summarized a wide range of polar efforts ranging 
from RESESS/SOARS interns to professional meetings activities.  UNAVCO  
supported four interns this year, including one (Ezer Patlan of the University of 
Texas at El Paso) funded by the Polar MRI project.  

Year 1 progress was presented to the committee, and the Year 2 and Year 3 
major milestones were reviewed along with the project logistics assumptions:  

Major Milestones Year 2 [1 Oct 07 – 30 Sep 08] 

Jan 2008 – Field activities  

Integrate McMurdo test site GPS+Seismic+data retrieval, year-round 



Add South Pole test site w/ GPS+wind+active battery heating+data 
retrieval, upgrade existing seismic system as necessary 

Install GPS+wind+data retrieval, year-round, prototype on Polar Plateau 
site of scientific interest 

Visit Minna Bluff to add 2nd Forgen wind generator, add collocated 
seismic site 

April 2008 Analysis of data on all prototype and community instrument 
deployments, identify improvements required for systems 

May 2008:  update best practices documentation 

August 2008:  Advanced systems available for research deployments, 
testing and community feedback. 

Major Milestones Year 3 [1 Oct 08 – 30 Sep 09] 

Upgrade field systems installed in year 1, 2, for long term autonomous 
operation (as warranted by funded science initiatives) 

Capability to install sites to standard, proven configurations, “best practice” 
documentation 

Field-proven systems, support, data handling, as built documentation 
available off-the-shelf from IRIS and UNAVCO 

Review of logistics criteria (from proposal) 

Light aircraft deployable (< 1500 lbs total system weight) 

100 lbs or less individual modules 

Designed for two year minimum service interval 

Optimized for three-person field teams 

Minimal wiring 

Minimize fieldwork with simple status checks and swaps 

Compatible with seasonal operation as well if year-round power not 
feasible 

Avoids restricted materials transportation issues 


