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1 Overview

The purpose of the Distress Alerting Satellite System (DASS) is to provide distress alert and location data for search and rescue (SAR), using spacecraft and ground facilities to detect and locate the signals of distress radiobeacons that conform to the Specification for Cospas-Sarsat 406 MHz Distress Beacons, C/S T.001.  The DASS will utilize the multi-satellite GPS constellation to provide “bent pipe” relays of 406 MHz beacon signals to ground stations that can locate a beacon on its first transmission.

The ground station that tracks the Global Positioning System (GPS) constellation of satellites and receives and processes beacon messages is being developed at the National Aeronautics and Space Administration (NASA) Goddard Space Flight Center (GSFC).  This ground station will be referred to as the DASS Local User Terminal (LUT) and will be located at the GSFC in Greenbelt, Maryland.  The DASS LUT shall simultaneously receive an S-band downlink from up to four GPS satellites that are equipped with a package to provide “bent pipe” relays of 406 MHz beacon signals.

GSFC intends to procure an antenna system for the DASS LUT that utilizes four reflector style antennas to receive the S-band downlink from each of four GPS satellites simultaneously.  It is anticipated that the service life of the antenna system will be a minimum of ten years.  The antennas will be located on a building roof and will be monitored and controlled from a facility located up to two miles away.

In addition, each antenna of the system must be capable of receiving L-band signals from existing Cospas-Sarsat satellites in order to remain compatible with the current Search and Rescue system.  The antenna polarization will be selectable between RHCP and LHCP for each band.

GSFC expects that the requirements of this document can be fulfilled using Commercial-Off-The-Shelf (COTS) components.

2 Technical Specifications

2.1 Reference Documents

	STDN SPEC-7
	GSFC Specification – Grounding System Requirements

	COSPAS-SARSAT Document T.003
	Description of the Payloads Used in the COSPAS-SARSAT LEOSAR System

	COSPAS-SARSAT Document T.011
	Description of the Payloads Used in the COSPAS-SARSAT GEOSAR System


2.2 RF Specifications

2.2.1 Receiving and Tracking Capability

Each antenna of the DASS LUT antenna system shall be capable of receiving S-band signals by program tracking GPS satellites.  They shall also be capable of receiving L-band signals by program tracking NOAA LEO satellites and NOAA GOES satellites.  The RF output from each of the antennas of the DASS LUT antenna system shall be selectable between the L-band and S-band signal from the Master Control Unit.  The polarization of each antenna of the DASS LUT antenna system shall be selectable between either Right Hand Circular Polarization (RHCP) or Left Hand Circular Polarization (LHCP) for both the S-band and the L-band.

2.2.2 Downlink Characteristics

2.2.2.1 GPS S-band Signal

The GPS payload will transmit two RF spectrums centered at approximately 1.022MHz above and below a center frequency of 2227.494MHz.  The center frequencies of these modulated signals are being very accurately derived from a phase-lock-loop that is governed by the on board GPS rubidium clock.

· Polarization: Left Hand Circular

· Center Frequency: 2227.494265MHz

· Approximate Spectrum Bandwidth: + 1.25MHz

· Carrier Stability: + 0.022Hz (1 part in 1011)

· Maximum Doppler shift: + 5.7KHz

The DASS LUT antenna system is only required to receive the RF spectrum centered at approximately 1.022 MHz below the center frequency of 2227.494MHz.  This band, which is referred to as S3, is, therefore centered at 2226.472 MHz and has a double-sided -3dB bandwidth of approximately 220 KHz.

2.2.2.1.1 Space Vehicle (SV) Payload Description

SAR equipped GPS satellites contain a nonregenerative repeater that only amplifies, translates in frequency, and retransmits the received beacon message.

The downlink from each satellite contains a copy of the beacon message that has been translated from UHF to S-band according to the following formula.

Downlink frequency = 2226.472340 MHz  +  406.05 MHz  -  UHF uplink frequency

The SV UHF receiver has a bandpass filter with a -3 dB bandwidth of 220 kHz.  The transmitted power is set at 0.6 Watts and is shared between all signals and in-band noise detected by the UHF receiver.  The transmitted S-band EIRP at boresight is 10 dBW.

2.2.2.2 NOAA LEO L-band Signal

This signal is defined in Cospas-Sarsat Document T.003, Description of the Payloads Used in the COSPAS-SARSAT LEOSAR System.

2.2.2.3 NOAA GOES L-band Signal

This signal is defined in Cospas-Sarsat Document T.011, Description of the Payloads Used in the COSPAS-SARSAT GEOSAR System.

2.2.3 Frequency Range of Operation


S-band:
2226.47234 MHz ± 25 MHz


L-band:
1544.5 MHz ± 25 MHz

2.2.4 Dynamic Range

Each antenna of the DASS LUT antenna system shall receive signals impinging the aperture with the following isotropic levels:


S-band:
-180 dBW ± 7.5 dB


L-band:
-161.5 dBW ± 12.5 dB

2.2.5 Polarization

The polarization of each antenna of the DASS LUT antenna system shall be user selectable between either Right Hand Circular Polarization (RHCP) or Left Hand Circular Polarization (LHCP) for both the S-band and the L-band.  The polarization of each of the antennas shall be selectable from and displayed at the Master Control Unit.

2.2.6 Axial Ratio

The axial ratio of each antenna shall not exceed 1.5 dB over the frequency ranges specified in Section 2.2.3.

2.2.7 VSWR

The Voltage Standing Wave Ratio (VSWR) of each antenna is with respect to 50SYMBOL 87 \f "Symbol", and shall not exceed 1.5:1 over the frequency range specified in Section 2.2.3.

2.2.8 System G/T

Each antenna of the DASS LUT antenna system shall have the G/T specified below at the antenna interface panel, at elevations of 5( or greater, clear sky, at the operational frequencies specified in Section 2.2.3 and at the environmental conditions specified in Sections 2.5.





G/T  
>  17 dB/K at S-band






>  14 dB/K at L-band

2.2.9 System Gain 

The overall system gain is defined as the gain from the antenna aperture to the RF output connector at the antenna interface panel.   Each antenna of the DASS LUT antenna system shall have an overall gain as specified below:

Nominal Gain

S-band:
120 dB ± 1dB

L-band:
100 dB ± 1dB

Gain Variation

± 0.5 dB over the frequency range specified in Section 2.2.3.

±0.1 dB over a 220 KHz band centered at the nominal frequencies specified in Section 2.2.3.

2.2.10 Sidelobe Levels

Each antenna of the DASS LUT antenna system shall have  sidelobe levels defined as follows:

G ( 29 – 25 log10( where G is the gain of every frequency in the specified band of the sideband envelope relative to an isotropic antenna and ( is the off-boresight angle in degrees.

2.2.11 Boresight Collimation

The collimation error for each antenna of the DASS LUT antenna system shall not exceed 0.1°.

2.2.12 Tracking Accuracy

The RMS, 1 sigma tracking error for each antenna of the DASS LUT antenna system shall not exceed 0.2°.

2.2.13 Impedance

The output impedance for each antenna of the DASS LUT antenna system shall be 50 Ohms, nominally.

2.2.14 RF Front End

2.2.14.1 Filter

An RF band pass filter shall be supplied for each band upstream of the LNA for the purpose of rejecting out-of-band and image signals prior to reaching the input of the LNA.  All filters shall have the following requirements over the expected ambient temperature specified in Section 2.5.3:

· Insertion Loss at nominal frequency specified in Section 2.2.3  <  0.5dB

· -3dB bandwidth ( ( 25 MHz centered around the nominal frequency specified in Section 2.2.3.

· -60dB bandwidth ( ( 160 MHz centered around the nominal frequency specified in Section 2.2.3.

· Phase response must be within (2( of linear over a 5 MHz band centered around the nominal frequency specified in Section 2.2.3.

2.2.14.2 Low Noise Amplifier (LNA)

The LNA for each band shall operate at the signal levels specified in Section 2.2.4 and the G/T specified in Section 2.2.8 under the environmental conditions specified in Section 2.5. 

Each LNA shall meet the following requirements.

· The LNA shall not be damaged by an input signal level ≤ +10 dBm.

· Noise Figure at the nominal frequency specified in Section 2.2.3 <  0.7dB

· Fundamental and Third Order Response Intercept point at Output Power ( +10 dBm

2.2.14.3 Test Inject

Each antenna of the DASS LUT antenna system shall have a test inject coupler located at the input to the LNA.  The interface point for the test inject cables shall be collocated with the signal and control cables on the interface panel located at the base of the antenna.  The test inject interface connectors shall be type N, female.

2.2.15 Phase Response

The Contractor shall be required to define and provide a nominal Group Delay for each antenna.  This nominal Group Delay represents the frequency-averaged Group Delay over the frequency ranges specified in Section 2.2.3.  There is no specification on the actual value of this nominal Group Delay, but once it has been defined and provided, it is required that the actual frequency-averaged Group Delay remain within + 100 nanoseconds of the nominal value over all operating environmental conditions and over any time window.  Ideally, although not mandatory, each antenna will have the same nominal Group Delay.

· The frequency-averaged Group Delay for each antenna must always be within + 100 nanoseconds of a nominal frequency-averaged Group Delay to be tested and defined by the contractor. The frequency band that the Group Delay is to be averaged over is ( 1.00 MHz centered at nominal frequencies specified in Section 2.2.3.

· Phase Response must be within ( 5( of linear over a ( 1.5 MHz  bandwidth centered at the nominal frequencies specified in Section 2.2.3 over all operating environmental conditions.

2.2.16 Output Connector Type

Each antenna of the DASS LUT antenna system shall have a type N, female output connector.

2.3 Control System Specifications

Each of the four antennas of the DASS LUT antenna system shall have an Antenna Control Unit (ACU), located at the antenna, which controls the operation of that antenna.  In addition, the vendor shall supply a Master Control Unit (MCU), located at a ground terminal up to two miles away, which shall communicate with the ACUs and provide a graphical user interface for the manual control and monitoring of the antenna system.  The MCU shall also interface to a collocated GFE computer in order to support automated operation of the antenna system.

The MCU shall communicate with the ACUs using the Ethernet network protocol (IEEE 802.3) over fiber optic cable.  Standard Ethernet protocols such TCP/IP and FTP shall be supported.  At the antenna site, hubs and routers shall be used, as necessary, so that the MCU can communicate with any ACU using a single access point thereby requiring only a single cable between the MCU and the antenna site.  A second access point shall be provided at the antenna site to allow a vendor supplied portable device, such as a portable computer, to be connected to provide all the capabilities of the MCU locally at the antenna site.  The fiber optic cable will be GFE.  Serial interface connections between the MCU and the ACUs, although not preferred, will be considered.

The MCU shall interface to the GFE computer using Ethernet (IEEE-802.3), or serial (RS-232) protocol.  The requirements for this interface shall be governed by an Interface Control Document to be generated by the vendor with customer review and approval.

2.3.1 Control Modes

The following modes shall be supported by the control system.

a) Manual
Static position selected by user.

b) Program Track
Follow a trajectory internally derived from orbital elements supplied by the GFE computer.  The orbital elements are defined in Section 2.3.4.

c) Standby
Brakes applied with drives disabled.

d) Stow
Drive the antenna to the stow position.

2.3.2 Antenna Control Units

Each of the four antennas of the DASS LUT antenna system shall have an Antenna Control Unit (ACU) which controls and monitors the operation of that antenna.

2.3.2.1 Location

The ACU for each antenna shall be located at the antenna.

2.3.2.2 Control Modes

The ACU shall support all the requirements specified in Section 2.3, including the following modes:

a) Manual
Static position selected by user.

b) Program Track
Follow a trajectory internally derived from orbital elements supplied by the Master Control Unit.  The orbital elements are defined in Section 2.3.4.

c) Standby
Brakes applied with drives disabled.

d) Stow
Drive the antenna to the stow position.

2.3.3 Master Control Unit

The vendor shall supply a Master Control Unit (MCU) which shall communicate with the ACUs and provide a graphical user interface for the manual control and monitoring of the antenna system.  The MCU shall also interface to a collocated GFE computer in order to support automated operation of the antenna system.

The MCU shall communicate with the ACUs using the Ethernet network protocol (IEEE 802.3) over fiber optic cable.  Standard Ethernet protocols such TCP/IP and FTP shall be supported.

The MCU shall interface to the GFE computer using Ethernet (IEEE-802.3.  The requirements for this interface shall be governed by an Interface Control Document to be generated by the vendor with customer review and approval.

2.3.3.1 Location

The MCU shall be located at a ground terminal up to two miles away.

2.3.3.2 Monitor and Control

The MCU shall provide, at a minimum, the following data points and controls for each antenna:

a) Monitor

1. L or S-band

2. RHCP or LHCP

3. Antenna position

4. End-of-travel limit indication

5. Control modes as specified in Section 2.3.1.

6. All warning conditions.

7. ACU monitor.

8. Camera image display.

9. Stow pin status

b) Control

1. L or S-band selection

2. RHCP or LHCP selection

3. Control modes as specified in Section 2.3.1.

4. ACU control functions.

5. Camera controls.

All indicators shall represent feedback from the hardware involved in order to verify commanded positions.

2.3.3.3 Graphical User Interface (GUI)

The MCU graphical user interface (GUI) shall provide individual monitoring and control of each antenna.  The user interfaces shall be modern, graphical, point and click interfaces such as those developed under MS Windows.  The GUI shall be able to provide control and display status of all antennas simultaneously as well as individually.  Any color coding of cautions and alarms shall be consistent across all displays.

2.3.3.4 Display Resolution

The MCU display resolution shall be 0.1°.

2.3.3.5 Cameras

The MCU shall display an image from, and allow control of, a vendor supplied camera located at each antenna.

2.3.3.6 Control Modes

The MCU shall support all the requirements specified in Section 2.3, including the following modes for each antenna:

a) Manual
Static position selected by user

b) Program Track
Supply orbital elements received from the GFE computer to the ACUs.  The orbital elements are defined in Section 2.3.4.

c) Standby
Brakes applied with drives disabled.

d) Stow
Drive the antenna to the stow position.

2.3.4 Orbital Elements

The MCU and ACUs shall be capable of receiving the type of orbital elements described below from the GFE computer and utilizing them to program track the satellite.

For GPS satellites, a GFE GPS receiver will supply time and orbit information to the GFE computer.  The GPS orbit information will come in two forms of pseudo-Keplerian element sets; individual satellite ephemeris and constellation almanac data.  The constellation almanac data shall be supplied to the MCU/ACU to provide the initial antenna subsystem pointing coordinates.  As soon as the satellite to be tracked clears the horizon and its navigation signal is received by the GFE GPS receiver, the high accuracy ephemeris data present in the navigation link will be supplied to the MCU/ACU for propagation to develop accurate pointing information.  Each type of element set requires the appropriate GPS orbit propagator.  While these orbit propagators are readily available to the public, GSFC shall be allowed to validate the propagator utilized.

a) NORAD two-line elements.

b) NASA Improved Interrange Vectors (I2RV).

c) GPS Individual Satellite Ephemeris - Each GPS satellite’s navigation link supplies a very accurate pseudo-Keplerian element set that pertains only to the transmitting satellite.  This transmitted data (referred to as satellite ephemeris) is periodically updated in the satellite navigation link. These high accuracy pseudo-Keplerian elements will be supplied to the MCU from the GFE computer.  The MCU shall transmit them to the appropriate ACU which will perform the orbit propagation.  Once an orbit has been propagated, the predicted path of the satellite will be used to develop the antenna system pointing files.  This orbit propagation will be required as soon as the elements are initially received from the satellite shortly after it comes up over the horizon and every time an updated element set is transmitted by the satellite.  Orbit propagation from the satellite ephemeris element set must be limited to less than 24 hours from the reference epoch time.

d) GPS Constellation Almanac Data - The GPS Constellation Almanac is the other form of element set that will be received by the GPS receiver.  These are less accurate element sets that define the orbits of all of the satellites in the GPS constellation.  The Almanac is available from any one GPS satellite and will be used where a high degree of accuracy is not required such as scheduling and initial antenna pointing, or when the satellite ephemeris is unavailable.  The Almanac element set is a subset of the individual satellite ephemeris element set.

2.3.5 Pass Selection

The MCU shall receive a pass schedule from the GFE computer for each of the antennas for up to seven days in the future which shall be capable of being updated at any time.  The GFE computer will update the pass schedule to the MCU at least once a day.  The MCU shall update the schedule and orbital elements to the ACUs at least every four hours.

2.3.6 Time

The MCU shall receive time from the GFE computer, at the contractor’s choice, either in the form of an IRIG B 123 signal per IRIG Document 104-70 accurate to UTC to within 1msec and capable of driving one 50( load, or through the network interface from the GFE system supplying the scheduling and satellite ephemeris information to the MCU.

2.3.7 G/T Measurement

Each antenna of the DASS LUT antenna system shall be able to program track the sun for the purposes of measuring G/T.  The vendor shall automate the G/T measurement, including providing any necessary measurement equipment, such as a spectrum analyzer.

2.3.8 Open Loop Pointing Error

The open loop pointing error of each antenna of the DASS LUT antenna system shall not exceed 0.1° RMS for all control modes specified in Sections 2.3.1.  The open loop pointing error is defined to be the space angle difference between the ACU generated pointing command vector (in terms of azimuth and elevation) and the position of the antenna RF boresight axis.

2.3.9 Adjustable Software Limits

Each antenna of the DASS LUT antenna system shall be provided with adjustable software limits for all axes.

2.3.10 Power Disable Switches

Power disable switches for safing each antenna of the DASS LUT antenna system shall be located at the pedestal of each antenna.

2.3.11 Operational Warning Indicators

Each antenna of the DASS LUT antenna system shall have visual warning indicators at the antenna that are activated when any of the axes are enabled.

2.3.12 Maintenance Control

An Ethernet access point shall be provided at the antenna site to allow a vendor supplied portable device, such as a portable computer, to be plugged in to provide all the capabilities of the MCU locally at the antenna site.

2.3.13 Calibration and Alignments

After initial calibration and alignment, no further calibration or alignment shall be necessary.

2.3.14 Pass Log File

A pass log file shall be created for every tracking assignment.  This log file shall be stored in the MCU and shall be available for display and transfer to the GFE computer immediately after the pass. The file must be in the form of Comma Delimited ASCII Text and shall include at least the following pass information.

2.3.14.1 Pass Summary

The following pass summary information is to be included as a header to the file.

a) Pass Start Time

b) Pass Stop Time

c) Spacecraft ID

d) Antenna ID

e) Name of pointing file used

2.3.14.2 Pass Events

The following information is to be logged at a selectable time tagging increment from 1 to 60 seconds with the default being 60 seconds. This time tagging is to be accurate to UTC to within 50 milliseconds.

a) Measured Azimuth

b) Measured Elevation

The following information is to be time tagged and logged upon event.  Any additional parameters perceived by the contractor to be important and available shall also be logged.  This time tagging is to be accurate to UTC to within 500 milliseconds.

· All Error messages

· The clearing of any error messages

2.4 Mechanical/Electrical Specifications

2.4.1 Mount Geometry

Each antenna of the DASS LUT antenna system shall permit tracking of GPS satellites, NOAA LEO satellites, and NOAA GEO satellites.  The antenna shall be capable of being pointed from horizon (0° elevation) to horizon at any azimuth angle.

2.4.2 Electrical Limit Switches

Each antenna of the DASS LUT antenna system shall be equipped with electrical limit switches on all axes to prevent damage when the antenna approaches mechanical end-of-travel limits of operation.  Indicators showing end-of-travel limits for all axes shall be provided at the Master Control Unit.

2.4.3 Mechanical Stops

Each antenna of the DASS LUT antenna system shall be equipped with mechanical stops on the elevation axis to prevent structural and mechanical damage.

2.4.4 Brakes

Each antenna of the DASS LUT antenna system shall be equipped with brakes for all axes.  The brakes shall be automatically applied upon removal of power from the system.

2.4.5 Balance

Each antenna of the DASS LUT antenna system shall be balanced such that any residual unbalance shall cause no movement of the antenna in the elevation axis, regardless of elevation angle, if brakes are not applied and no power is applied.

2.4.6 Mechanical Stability

The tracking accuracy of each antenna of the DASS LUT antenna system shall be maintained under operational conditions as specified in Section 2.5.

2.4.7 Reflector Size

The reflector diameter of each antenna of the DASS LUT antenna system shall sufficient to meet the G/T requirement specified in Section 2.2.8 but shall not exceed 14 feet.

2.4.8 Reflector Finish

The reflector surface of each antenna of the DASS LUT antenna system shall be coated with solar radiation-diffusing white paint.  The reflector surface shall not require recoating for the life of the antenna.

2.4.9 Air Dehydrator

An air dehydrator shall be provided that is capable of supporting the feed and any other antenna mounted housings requiring dry air pressurization.  The air dehydrator shall be self-purging and self-sustaining.  No internal condensation shall occur over the temperature range specified in Section 2.5.3.  An air pressure sensor shall be installed at the dehydrator output of each antenna to detect and provide a visual alarm at the Master Control Unit.

2.4.10 Manual Stow Pins

Each antenna of the DASS LUT antenna system shall be provided with manual stow pins that shall mechanically lock all axes and disable all drive motors.  Indicators showing interlock status, including position of the stow pins, shall be provided at the Master Control Unit.

2.4.11 Electrical Power Source

All equipment shall operate from a single-phase power source of nominal 120/240 Volt, 60 Hertz.  All equipment shall conform to the grounding requirements of Section 2.1.

2.5 Environmental Specifications

2.5.1 Operational Winds

The DASS LUT antenna system shall be capable of operating in 50 mph continuous winds, with gusts up to 60 mph.

2.5.2 Survival Winds

The DASS LUT antenna system shall survive 120 mph winds when stowed.

2.5.3 Ambient Temperature

The DASS LUT antenna system shall operate in the ambient temperature range of -20° to 120°F.

2.5.4 Rain

The DASS LUT antenna system shall be capable of operating in rains up to 4 inches/hour.  No accumulation of water shall occur on active surface at any antenna orientation and no leakage shall occur into any other area of the antenna.

2.5.5 Relative Humidity

The DASS LUT antenna system shall be capable of operation in 0% to 100% humidity with condensation.

2.5.6 Solar Radiation

The DASS LUT antenna system shall be capable of operation in solar radiation of at least 360 BTU/h/ft2.

2.5.7 Radial Ice

The DASS LUT antenna system shall survive ice of at least 1 inch thickness on all surfaces with 80 mph wind gusts.

2.5.8 Snow

The DASS LUT antenna system shall survive a 24-inch load of snow (8lb/ft3) while in the stow position without damage.

2.5.9 Lightning Protection

The DASS LUT antenna system shall be equipped with lightning ground conductors to protect the antenna structure and associated bearings.  Lightning ground conductors shall interface with the site-provided lightning ground field for all positions of the antenna.

2.5.10 General Environmental Protection

The DASS LUT antenna system shall be configured to preclude the intrusion of dirt and dust.  Provisions shall be made to prevent infestation by insects, birds, and vermin.

2.5.11 Hail

The DASS LUT antenna system shall survive half-inch diameter hail in winds of 30 mph without structural damage.
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