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X-Band Direct Broadcast System —- MODIS

TeraScan® SX-EOS Acquisition Server:

Antenna Assembly — Customer Furnished Equipment (CFE)
X-band Feed/LNA/Downconverter Assembly: - (CFE)

375 MHz Upconverter

XR Receiver Assembly, supporting the following Telemetries:

EOS-Terra (MODIS)
EOS-Aqua (MODIS, AIRS)

Programmable frame synchronizer card (PCD
TeraScan SX-EOS Acquisition Server:

Workstation, with 440 MHz Processor, 6 PCI slots

Solaris 2.7 Operating System

512MB RAM

SCSI, Total 72GB Disk Space; 1.44MB FDD, 40X CD-ROM
17” Color monitor (1280 x 1024 x 24 bit)

Keyboard and Mouse

2 ea. DLT Tape Drives (35GB uncompressed, per cartridge)
Uninterruptible Power Supply 1500 VA

s TeraScan 3.1.2 Acquisition Software Suite
e TeraScan - IMAPP Integration Software

Sub Total: $ 129,000.
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History

The Terra satellite successfully launched from Vandenberg Air Force Base on Saturday, December 18, 1999 at 18:57 GMT.  This satellite was the first of NASA’s Earth Observing System (EOS) series to carry the Moderate-resolution Imaging Spectroradiometer (MODIS) sensor package. MODIS has been measuring visible and infrared wavelengths from all over our world at multiple scales of time and space since February 2000. MODIS extends the measurements begun by CZCS and AVHRR, and now provides improvements in spectral detail, spatial resolution and accuracy over previous sensors.  MODIS data products from Terra have been available since February of 2000. MODIS' data products are available at spatial resolutions ranging from 250 m per pixel, to 1 km, to 1 degree.  Multiple passes of the satellite occur every day.  Other sensors on Terra include ASTER, or Advanced Spaceborne Thermal Emission and Reflection Radiometer, CERES, or Clouds and Earth's Radiant Energy System, MISR, or Multi-angle Imaging Spectroradiometer, and MOPITT, or Measurements of Pollution in the Troposphere.  Terra will be joined by Aqua, the next in the EOS satellite series, with a scheduled launch of March 2002.  Data products are anticipated to be available from Aqua within 150 days of becoming operational.

Proposal

At the request of the National Science Foundation’s office of Polar Programs, a discussion was initiated between the National Science Foundation (NSF), NASA, and Raytheon Polar Services (RPSC) on the feasibility of acquiring MODIC data from Terra and Aqua using the 10-meter main ground station (MGS) at McMurdo Station in Antarctica.  NASA and the NSF operate the MGS under a Memorandum of Agreement for RadarSat data collection and other, as needed satellite communications at McMurdo.  NASA provides a portion of on-ice operations and management cost, as well as providing on-ice labor, which is reimbursed by the NSF.  David Bromwich from the Byrd Research Center was contacted by RPSC to establish the constraints on data acquisition necessary to achieve their research goals using MODIS data.  It was determined that 3 consecutive passes of the satellite were needed each day to provide the required time series.  Independent analysis of the orbital data for Terra and RadarSat showed a potential conflict once every four days.  David Bromwich affirmed that a one-day gap every 4 days in data collection for MODIS data would be acceptable.  Researchers Dan Lubin and Matthew Lazzara have provided observations pertinent to their research communities.  Please see Appendix B and Appendix C.

Design

The following designs were studied in the course of three joint teleconferences:

1 Receive the data through the MGS and use the NASA system to process the data to level 0 files, and place a computer with a DLT tape drive in the MGS facility to write this data to tape

2 Receive the data through the MGS and use the NASA system to process the data to level 0 files, then ftp this data across the network to another facility with a computer which could write the data to DLT tape

3 Receive the signal with the MGS antenna and use an IF feed from the MGS over fiber to a SeaSpace Terascan system at another location for processing to a level 0 file and output to DLT tape.

Design 1 was rejected due to the need to have staff onsite at the MGS to perform the necessary processing and tape generation.  Design 2 was rejected due to the need to send Gigabyte files over a branch of the network running on a 10 Mbps Ethernet link which is already carrying RadarSat traffic.  The decision was made to go with design 3.  This design requires:

1 An IF amplifier or matrix switch to provide an additional IF feed off of the NASA MGS

2 A transceiver to put this 375 MHz IF signal on single mode fiber

3 Single mode fiber run from the MGS facility to the processing facility

4 A transceiver converting from fiber back to the IF signal

5 A SeaSpace TeraScan system to ingest and process that signal through an up-converter to their standard 750 MHz IF signal.

We have identified the following fiber runs as being available:

1 Between MGS and Crary Lab room 205:  8 of 12 sm fibers are available

2 Between MGS and B-140: 10 of 12 sm fibers are available 8 need, connectors installed

Initial Costs

· IF amplifier and spare






$   1,000

· IF Fiber Link transceiver set, rackmount, and spares


$   6,300

· Terascan system with 375 MHz upconverter (spares already on-site)
$129,000

· SeaSpace training course – required for warranty



$   4,000

· Installation labor – RPSC





$   5,000

· Travel – RPSC for installation





$   4,000

· SeaSpace engineer visit (optional – could be done remotely)

$  10,575

· Recommended spares
(note: receiver is unique to X-Band)

$  76,049

Total

$235,924

Outyear Costs

· SeaSpace software annual license fee




$  4,000

Operational Impacts

The only significant operational impacts are the additional tasking of IT staff to monitor and maintain the system and change DLT tapes as needed, the shipping of those tapes back to CONUS, and distribution of the tapes to the data repository.

Appendix A – Minutes from the October MODIS Teleconference

Continuing Discussion on MODIS Data Collection using MGS at McMurdo

Conference attendees representing NASA, NSF, SeaSpace, and RPSC

Discussion on data collection constraints for user community:


It was brought up at the last meeting that conflicts with RadarSat data collection


might prevent MODIS data collection one day every 4 days.  Discussions with 


David Bromwich at Byrd Research indicated that this would not be a problem, and


3 consecutive days of 3 consecutive passes each day would be adequate.

Discussion on whether to process files in the NASA VCDU locally and then transfer to town via network, or use fiber to transfer Intermediate Frequency signals to an ingest Terascan in town.


The MGS is on a 10 megabit Ethernet line, and traffic considerations would prohibit


transferring gigabit data files via the network.  The NSF has requested that the IF


be fed to town using existing dark fiber at the ground station.  SeaSpace has 


the ability to add an upconverter to the Terascan receiver to convert the NASA 


375 MHz IF to the expected 720 MHz.


It was pointed out that the only extra IF output on the MGS is a spare, and might


be needed at some point.  NASA suggested an IF amplifier permitting multiple


outputs from the existing feed.  NSF suggested a small RF matrix switch might


also serve for distribution.

It was determined that the system would not be installed earlier than 11/01/02.

Action Items:


NASA:

(due 11/01/01)



Dennis Mateik is to perform a scheduling analysis for MODIS data collection,



showing any conflicts with RadarSat and ERS, other backup collection, and 



other routine collection.



Dennis Mateik is to determine whether this MODIS activity would be within



the scope of the existing agreement between NASA and the NSF, or how 



much additional costs would be incurred.



All results to be provided to Dave Leger at RPSC for reporting.


SeaSpace:
(due 10/25/01)



Buzz Bernstein is to produce a quote for a Terascan system, minus antenna 



systems, with the appropriate 375 MHz to 720 MHz upconverter.  Quote to



be provided to Dave Leger at RPSC.


RPSC: 

(due 11/15/01)



RPSC will determine components and costs for sending the 375 MHz IF 



signal from the MGS to town via transceivers and fiber, including any IF amp or



matrix switch at the MGS end, and any line level adjuster at the town end.  This



IF work is to be coordinated with Buzz Bernstein of SeaSpace for the town end 



and Dave Hess of CSOC - Wallops for the MGS end.



RPSC will consolidate materials from NASA and SeaSpace, as well as the IF



design and pricing, and deliver the consolidated report to the NSF.

Appendix B – Comments on Research Impacts by Dan Lubin

General comments:

1. If we're looking at a potential RadarSat interruption only once every four 

days, and the system is free to schedule passes on most of that interrupted day 

and most of the time the other days, I don't think there is a fundamental 

conflict with researcher support objectives, provided the scheduling of passes 

is under scientific supervision.  The RadarSat is a 5:30 PM spacecraft, while 

Terra and Aqua are 10:30 and 1:30 equator crossing spacecraft, respectively.

2. Matt and Chuck at SSEC can speak more clearly about the meteorological 

support objectives, but from my understanding: (a) MODIS-derived winds require 

at least 3 consecutive passes per day (preferably twice that, because 3 passes 

only gives you one wind field per day), and (b) MODIS-based fog detection 

requires the most recent pass available.  David Bromwich has already stated his 

minimum requirement of 3 consecutive daily passes.

3. High resolution mapping of sea ice for research support requires one 

clear-sky look per day, but due to prevalent cloud cover will usually require 

several passes per day to have a chance at a clear-sky look.

4. The Indian Oceansat Ocean Color Monitor (OCM) is a value added MODIS-like 

instrument that is easily acquired by the SeaSpace system.  It is valuable for 

weather observation, sea-ice support, and as a high-resolution supplement to 

SeaWiFS chlorophyll data products.  This is a 12:00 noon spacecraft, and some 

flexibility should be preserved for tracking Oceansat passes.

[ Dan Lubin goes on to say that with adequate antenna scheduling and access, science support objectives should not be seriously compromised, but that a dedicated MODIS ground station would offer more flexibility.  He anticipates additional requests for MODIS data by researchers, once it is available on the ice.]

Specific Research Comments:

My own satellite research has involved remote sensing of clouds for 

understanding climate and radiation balance, for UV ecological studies, and has 

also involved enhancements to sea ice remote sensing capabilities.  Over the 

years, these efforts have been supported by OPP, by NSF Climate Dynamics, and by 

NASA.  Close coordination with fieldwork has been very important in my research 

over the years.  In order of priority, I would like to see from an X-band system:

1. 3 consecutive passes from Terra MODIS.  When Aqua is up (scheduled for March, 

2002), an additional 3 consecutive passes from Aqua MODIS. These should be 

during the best daylight hours in the sunlit part of the year.  In winter, 

there's more flexibility with scheduling. 

(note that this implies occasional mid-day pass scheduling conflicts 

between Terra and Aqua.)

2. The above should be mostly adequate for sea ice work once Aqua is up, but 

could be supplemented by 1 - 2 Oceansat OCM images per day.

3. When experimental programs are in the field, either my own or those of 

collaborators such as Prof. Von Walden (U. Idaho), the flexibility to schedule 

1-2 extra MODIS passes per day to coincide with specific data collection 

activities (e.g., a spectral radiometer measurement or an in situ atmospheric 

measurement).

Appendix C – Comments on Additional Applications by Matthew Lazzara

1.  With the generation of our Antarctic composite images, it would be

ideal to get images that would go with each of the 8 images we generate

each day (at 0, 3, 6, 9, 12, 15, 18, and 21 UTC).  I realize that this is

unlikely on the fairly tasked existing X-band system. However, it would be

ideal. Also, this item would require real-time access to the data.

2.  The iceberg monitoring activities wouldn't need more than the 2 or 3

images per day, and of course, real-time access have been very valuable for

NSF-OPP ops as well as those of us researching this.

3. I would like to ask that the data be archived in the HDF-EOS (Terra's

"level 1b") format.  This is the NASA standard format of the data, and

could be used more widely by more users.

Appendix D – SeaSpace System Quote
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¢ Second software warranty: $4,000.

e Thir ar s warranty: $ 4,000.

System Software Training;:

TeraScan Software Training, to be conducted in San Diego,
California, for up to three persons. Five days at $800 per day

TeraScan System Installation and Training: $ 4,000.

¢ Shipping (estimate, actual cost will be billed): $100.

Total Price: | $ 141,100.
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Optional SeaSpace On-site System Installation and Training

Services”:
e Air travel, round trip (Christchurch) $ 2,000.
¢ Ground transportation (per day) 55.
¢ System Installation, 5 days at $920 per day 4,600.
¢ Per diem, 2 days at $ 120 per day (Christchurch) 240.
s Travel Time, 4 days at $920 per day 3,680.

SeaSpace On-site Systern Installation and Training;: $ 10,575.

Optional SX-EOS Spare Parts:

7015700 eiver

50200003 | Frame Synchronizer Kit

65016001 | System Disk Drive (software installed) $1,073.
65016002 | Pass/User Disk Drive $1,073.
50560001 | DLT Tape Drive $4,800.
12093001 | CPU Power Supply $ 215,
12113001 | PCI Multiplexer $612.
12114001 | SCSI Adapter $ 330.
12093002 | CD ROM Drive $ 308.
12093003 | Floppy Disk Drive $ 176.
12017012 | Mouse and Pad $ 87.
12085036 | Keyboard $ 125.
50800201 | 1500VA UPS $1,295.

All prices valid only per SeaSpace specifications and SeaSpace Terms and Conditions.
SeaSpace offers a one year (Return to Factory) Limited Warranty.

Quoted system is F.O.B. Pt. Hueneme.

Installation and training dates to be scheduled at time of order.

All site preparation, travel, travel time, and per diem expenses will be responsibility of Buyer.
Completion of a SeaSpace software training course is required for validation of Warranty.
Quotation is valid for 90 days.
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