EROS Ground Station Requirements 
Overview
The Department of Interior (DOI), U.S. Geological Survey (USGS), Earth Resources Observation and Science (EROS) Center, located in Sioux Falls, SD, has a requirement for a 10 meter class X and S Band satellite ground station for the Landsat Data Continuity Mission (LDCM) Ground Network Element (GNE).  The USGS expects that the requirement may be satisfied by either one of the following options:
1) Refurbishing the existing 10 meter ground station; or
2) Building a new ground station at EROS.
The EROS ground station will provide several services to Landsat missions: 1 ) The space-to-ground interfaces for the S-Band Telemetry, Tracking, and Control (TT&C) to include reception, collection, transmission, and dissemination of the S-Band telemetry and command uplink.   2) Reception, collection, and dissemination of X-Band mission data for Landsat 5, 7, and LDCM.  3) Interface to Mission Operation Center (MOC) for reporting, status, TT&C, scheduling, and monitoring of the ground stations within the Landsat Ground Network (LGN).
EROS Ground Station Subsystems include:

· Antenna System

· Option 1- Refurbishment of existing antenna asset listed below 
· Option 2- New antenna system at EROS facility
· Mission Data reception and collection

· Demodulation equipment for X-Band

· Packet processing and CFDP Class 1 reception functions

· S-Band TT&C

· Receivers, combiners, exciters and telemetry processors

· Automation 

· Scheduling of equipment, assets and stations

· Collection of equipment, pass event and error reports

· Real-time status of LGN stations for MOC

· Dissemination of reports to the MOC

Existing EROS Ground Station
The USGS/EROS Center has an existing infrastructure that may allow re-utilization of current equipment and/or services.  The overall goal is for the vendor to provide delivery, installation and integration of a new ground station capability into the existing ground station network at the USGS/EROS Center.  The vendor shall be required to interface to the existing common equipment and/or services outlined below.  The equipment and/or services that will be available by the USGS/EROS Center shall include the following:

· Existing Common Services and Equipment

· Timing System: IRIG-B; 1 PPS; 10 PPS; 5 MHz; 10 MHz; and NTP

· EROS network infrastructure:  Vendor must comply with existing network policy and equipment constraints

· The USGS/EROS Center will provide the current 10-meter antenna for refurbishment consideration
· Datron Transco 10m 

· 3-Axis design with elevation over azimuth 

· 3rd Axis is “tilt” or “train” axis providing LEO keyhole elimination

· X-Band and S-Band data reception for both LHC and RHC polarizations

· X-Band and S-Band signal auto tracking with auto switching 

· Preference for X-Band signal auto tracking

· Single X-Band polarization reception and dual S-Band polarization data reception

· Connected to the control room via single and multi mode fiber optic systems

· Existing Ground Station Facility
· The USGS/EROS Center will provide standard electrical interfaces for installation of new electrical equipment and connections

· The vendor shall comply with the existing power regulations, codes and constraints during installation and delivery of any electrical equipment
· The USGS/EROS Center will provide an environmentally controlled computer room for housing the ground station control room equipment

· The vendor shall be responsible for the installation of any new or replacement equipment into the control room

· Any new or replacement equipment shall be required to be compliant with existing codes, standards and constraints

· The current 10-meter antenna system under consideration for refurbishment is contained within an environmentally conditioned radome

· The vendor shall be required to provide documentation on the ability to re-utilize or replace the radome structure based on mission requirements

· The simultaneous reception of both X-Band right and left hand circularly polarized signals may be subject to interference from the current radome structure  

· Future Disk Cache Subsystem (Developed by USGS)
· The USGS/EROS Center will make the storage subsystem available for capturing the Mission Data Files

· The vendor must provide an X-Band system that shall connect and capture Mission Data Files to this disk cache subsystem

Section I. – Antenna System Requirements
The antenna system requirements will be separated into three sections: common requirements; refurbishment specific requirements (option 1); and new antenna specific requirements (option 2).  The antenna system whether refurbished or new shall be required to satisfy the common requirements and mission requirements for Landsat 5, Landsat 7, and the LDCM spacecraft.  The engineering estimates shall include the following information:
· Common Antenna Requirements

· The antenna system shall include an antenna control unit capable of the following as minimums: 

· Capable of automatic signal tracking of LEO satellites

· Specifically capable of meeting the mission requirements for Landsat 5, Landsat 7, and Landsat Data Continuity Mission

· Capable of initial acquisition of the satellite using program tracking and then automatic switching to S-Band and X-Band signal auto tracking 

· Preference for X-Band signal auto tracking

· Capable of ingesting a IIRV predicted state vectors

· Capable of ingesting a standard NORAD Two Line Element (TLE) set

· Capable of ingesting standard NASA format contact schedule similar to Landsat 5 and Landsat 7

· Capable of generating and storing pass event status information

· Latest technology providing serviceability and supportability until 2020 at a minimum

· X-Band Capabilities

· Must allow simultaneous reception of Left Hand Circular (LHC) and Right Hand Circular (RHC) polarizations

· LDCM spacecraft may utilize polarization diverse X-Band downlinks utilizing the same frequency for two independent downlink signals

· Shall allow output of both X-Band data signals simultaneously for LHC and RHC polarizations

· Axial ratio of 1.2 or better allowing for greater than 28dB isolation  between the LHC and RHC polarized signals

· Addition of radome shall not degrade this requirement 

· The X-Band minimum System G/T for both channels of 32 dB/K, while in simultaneous operation

· Addition of radome shall not degrade this requirement

· S-Band Capabilities

· Simultaneous reception of both LHC and RHC S-Band signals

· Shall allow output of both S-Band data signals simultaneously for LHC and RHC polarizations

· Polarization diverse signal tracking

· S-Band system G/T for both channels of 21 dB/K, while in simultaneous operation

· Addition of radome shall not degrade this requirement

· Radome: 
· All radome material shall be listed as an option and include the following specifications:

· Appropriately sized and environmentally controlled for the existing antenna system or the new antenna system

· Addition of the radome shall not degrade antenna system performance specifications listed above

· If the current radome will not or can not be utilized for the new LDCM application it must be noted in the engineering estimate with applicable explanation

· Delivery:
· The vendor shall be responsible for delivery and reception of all equipment sent to the USGS/EROS Center for ground station development and deployment

· The vendor shall supply the rationale behind its capability to supply component functions by the following anticipated dates:

· S-Band Delivery – October 2009
· X-Band Delivery – October 2009
· Antenna Delivery – May 2010

· Automation Delivery – September 2010

· Option 1: Refurbishment Specific Requirements
The following list of requirements deal specifically with the refurbishment of the existing 10-meter antenna system located at the USGS/EROS Center.  All requirements listed below shall be listed in an itemized format with criticality and show any dependencies:

· All motors, gearboxes, mechanical drive assemblies and data packages shall be replaced with current technology

· X-Band feed assembly upgraded to support dual polarization reception as outlined in above antenna requirements

· Antenna control unit, ACA or DEU replaced or upgraded to latest technology and performance

· Servos, housings and electrical systems upgraded to latest supportable technology 

· All components in feed assemblies not replaced by upgraded requirements replaced with latest supportable technology 

· All wiring assemblies and connectors as needed 

· Original manufacturer certified refurbishment to include capability of securing a maintenance agreement once the refurbishment is complete

· Option 2: New Antenna Specific Requirements
· Civil Works:  All civil works for installation of any new equipment to include but not limited to the following:

· All excavation activities for the new installation

· Precision survey of grounds and new antenna location

· All electrical circuit, cabling and equipment delivery, installation and integration into the existing infrastructure

· Installation of all equipment

· Integration into existing infrastructure
· EROS has completed a precision survey for a specific antenna location, installed a conduit, and pull vaults to that location, but details will be provided at a later date.

Section II. – X-Band Mission Data System Requirements
The X-Band data reception system shall provide the space-to-ground interface between 1) the antenna and existing (Landsat 5/7) and 2) LDCM Storage and Archive Element (SAE).  The X-Band mission data receive system requires the reception, down conversion, demodulation, bit synchronization and data capture of the mission files transmitted from the existing and future Landsat satellites.  The LDCM mission will utilize the new CCSDS File Delivery Protocol (CFDP) Class 1, as described in CCSDS 727.0-B-3 File delivery Protocol Blue Book, for delivery of the Science Mission Data (SMD) to the ground station.  The X-Band science mission system shall posses the following capabilities:

· X-Band Science Mission Data Reception Capabilities

· Capable of receiving the X-Band signal from the antenna system and down-convert the signal as needed

· Capable of demodulating the following formats:

· QPSK

· AQPSK

· OQPSK

· 8PSK

· BPSK

· FOPSK

· UQPSK

· Capable of up to 600 MS/s (mega symbols per second) data rate inputs

· Capable of 300 Mb/s (mega bits per second) data rate capture 

· Capable of capturing CFDP data files internally

· Capable of capturing CFDP data files to an external disk system

· Capable of supplying the CFDP status messages to the MOC 

· Capable of receiving multiple files sequentially using the CFDP protocol

·  Capable of supporting the following Landsat missions:

· Landsat 5

· Landsat 7

· This includes support for receiving single X-Band downlinks while two downlinks are present

· Filters need ability to support the Landsat 7 RF output which utilizes a triplexer for bandwidth limiting of the signal

· LDCM

· Capable of being remotely controlled and scheduled

· Capable of storing and forwarding link status information

Section III. – S-Band Telemetry System Requirements

The S-Band Telemetry, Tracking and Control (TT&C) system of the EROS ground station shall provide the space-to-ground interface between the MOC and the existing and future Landsat satellites.  The telemetry section shall be comprised of the telemetry receivers, diversity combiners, and telemetry processors.  The command system consists of a modulator and RF exciter, which will pass the modulated command data to the antenna for transmission to the LDCM satellite.  The telemetry and commanding systems shall have the following characteristics:

· S-Band Telemetry Receive Capabilities
· Capable of receiving, demodulating and bit synchronization of the S-Band telemetry stream or streams from the LDCM spacecraft

· Support for the following demodulation formats:

· BPSK

· QPSK

· FM

· PM

· PM sub carrier

· Compliant with the S-Band parameter for the following missions:

· Landsat 5

· Landsat 7

· LDCM

· Support for signal diversity processing between LHC and RHC signals

· Capable of receiving and processing data rates from 125 b/s up to a maximum of 2 Mb/s

· Telemetry Processing Capabilities
· Capable of receiving and processing data stream from the telemetry receivers

· Capable of processing CCSDS encoded S-Band telemetry data similar to Landsat 5 and Landsat 7

· Capable of storing the telemetry data files for a configurable amount of time

· Capable of forwarding telemetry in real-time to the MOC
· Capable or receiving the command uplink data stream from the MOC
· Capable of outputting the uplink command stream to the signal exciter for transmission
· Capable of storing and forwarding uplink and downlink statistics to the MOC on a real time basis.  Information should include the following at a minimum:

· Receiver lock/unlock

· Bit Sync lock/unlock

· Frame Sync lock/unlock

· Frames received/sent

· Frames dropped/lost

· Modulator lock/unlock

· Message format shall be CCSDS formatted packets over a socket connection
· S-Band Uplink Capabilities

· Capable of receiving the encrypted uplink stream from the MOC and processing into the uplink command signal
· Capable of modulating the data stream to a configurable carrier 

· Capable of supporting the following modulation formats:

· BPSK

· QPSK

· FM

· PM

· Capable of storing and echoing the uplink command data stream back to the MOC
· Capable of sweeping the uplink carrier for spacecraft coherency

· Capable of decaying the uplink carrier sweep

· Capable of receiving and processing transmission data rates from 125 b/s up to a maximum of 200 Kb/s

Section IV. – Automation System Requirements
The automation system for the EROS ground station shall provide automated control, scheduling, and reporting for all LGN ground stations.  The automation system will be described in three sections below comprising the automated control of the local ground station, the scheduling of all LGN ground stations and the reporting/status of all LGN ground stations.  The goal of automation system is to provide a limited operator control of all EROS ground station assets but will not be considered a lights out automation system.  The automation system shall have the following capabilities:

· Ground Station Automation

· The ground station automation shall control, monitor, schedule, and provide status for the following sections of the ground station:

· Antenna system

· Science mission data systems (X-Band)

· Telemetry systems (S-Band)

· Scheduling systems

· Reporting systems

· Capable of providing GUI control of ground station equipment 

· Capable of providing near real-time status of equipment to both the GNE and the MOC

· Scheduling Capabilities

· Capable of receiving a master contact schedule from the MOC on predefined intervals or message based trigger

· Capable of parsing schedule from MOC into master contact schedule

· Capable of creating individual ground station contact schedules from the master schedule and delivering these schedules to the individual ground stations
· Capable of receiving ephemeris files from the MOC

· Capable of parsing the ephemeris files into a master ephemeris file

· Capable of creating individual ground station ephemeris files from the master ephemeris file and delivering these ephemeris files to the individual ground stations
· Scheduling of ground stations shall have configurable parameters and event triggers

· Scheduling of ground station assets shall provide feedback for failed or off-line equipment back to the operator 

· Capable of receiving a pass event forecast from the MOC and processing

· Processing will include operator input to individual stations for each pass event relating to equipment availability

· Goal is to provide the MOC with potential assets to be utilized for each pass event in the future for better pass event scheduling

· Capable of returning a processed forecast model to the MOC with operator input

· Reporting/Status Capabilities

· The automation system shall provide near real-time status to the ground station operator and the MOC during each satellite contact to include the following events at a minimum:
· Pass event status from all equipment configured for the pass event
· Goal is to allow both ground station and MOC operators to view pass event remotely using the automation system rather than viewing individual equipment directly
· Error event status reporting and collection
· CCSDS packetized messages as described in publications CCSDS 910.4-B-2 through CCSDS 912.3-B-1

· The connections to the MOC shall be supported by a direct socket connection
· Collection and dissemination of post-pass event information for future trending and analysis at the completion of each satellite contact
· Information shall be collected from each piece of controlled ground station equipment during a given contact

· Information shall be stored in ASCII text format or similar

· Contains all real-time information described above and any other information that is collectable but not included in the real-time data described above
· Collection and dissemination of the equipment status report

· Typically a pre-pass event showing equipment to be utilized and any offline resources

· Same format as post-pass status report above

