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1. Introduction

NASA Marshall Space Flight Center (MSFC) at the National Space Science and Technology Center (NSSTC) requires an ground-based L band radiometer and radar system to be deployed from a stationary boom truck for periods of several weeks or more.  This text is the technical specification document for the procurement of this instrument system.  The contractor shall design, fabricate, and deliver the system by May 31, 2007 that meets the specifications contained in this document.  Teaming is allowed by the contractor.

2. Background

This instrument system requirement is driven by program growth in microwave remote sensing at the NSSTC. 

Applications of microwave remote sensing instruments include soil moisture, snow, ice, wind profiling and ocean surface properties, such as sea surface temperature and salinity.  Such observations have direct relevance to a number of NASA programs including Water and Energy Cycle science, the Global Precipitation Measurement Mission, freeze-thaw processes, surface water hydrology, weather forecasting, operational streamflow and flood forecasting, sea surface temperature and salinity, etc.  Soil moisture is a key parameter for the understanding of the Earth’s climatology and the global water cycle.  A growing body of scientific literature shows that observations of soil moisture would lead to significant improvements in weather and flood forecasting.  

Retrieval of near surface soil moisture with passive L band radiometry has a long development history through experiments using ground-, airborne-, and space-based instruments since the late 1970’s.  L band is considered the optimal microwave frequency for remote sensing of soil moisture because of the ability to sense a greater depth of soil and better propagation through vegetation.  It is generally held that retrieval of soil moisture can be improved with the higher resolution and additional information afforded by active sensing, particularly with regard to surface roughness and vegetation biomass.

The NSSTC will be developing microwave sensors for deployment on unmanned aerial vehicles and microsatellites by the latter part of this decade.  Expectations are to begin launching satellites as early as late 2008 with a 10-12 month frequency and with increasing frequency after 2010.  The NSSTC is also adjacent to NASA Marshall Space Flight Center which has a state-of-the-art antenna range and anechoic chamber for testing microwave sensors and maintains FCC licenses to operate sensors across a broad frequency range.  The surface hydrology group at the NSSTC has been involved in soil moisture remote sensing for 15 years and has participated in a leadership or coordinating capacity in numerous soil moisture validation field campaigns for airborne and space borne microwave instruments.  This team seeks to augment its capabilities with procurement of a ground-based L band radiometer and radar system to support on-going R&D and validation of data collected from airborne and space borne sensors. 

3. Technical Requirements

3.1. Instrument System Description

The instrument system shall be of modular design and include both a radiometer and a radar instrument system that meets all the requirements specified herein.  This document describes the system components and required functionality to compete the overall design of the system.  The contractor shall be responsible for the completed design and will work closely with the NASA team to resolve any requirement issues.  

The radiometer shall sample a single band from 1401 to 1425 MHz and shall acquire vertically, horizontally, and circularly polarized data.  The radar shall operate at a central frequency of 1260 MHz and be fully polarimetric.  Both instruments shall share the same horn-type antenna, however, provisions should be made for the receiver to use an aperture synthesis antenna at a future date.  The instrument system modules are intended to be mounted to a single structure (chassis) for deployment at the end of a truck boom.  The total instrument system shall not exceed 230 kg (500 lbs).  Maximum capacity at the boom tip is 320 kg (700 lbs.)  The interface between the boom and instrument payload chassis will provide steering capability to set look angle and to provide the ability to sample emissions from the sky for calibration. Control of the instrumentation will be from an environmentally controlled operations center on the back of the boom truck.

Power will be supplied from a generator on board the boom truck provided by NASA (see Section 4).  Power distribution to instrumentation and electronics also will be provided by NASA.  

3.2. Operational Requirements

3.2.1. Deployment
The system is intended to be deployed from a boom truck capable of safely lifting up to 320 kg (700 lbs.) and holding it stationary above ground for extended periods and sweeping 360 degrees of azimuth.  Each system module shall be light enough to be handled by no more than three persons without the aid of a lift system during integration into the payload chassis captured and mated to the end of the boom.  

3.2.2. Environment

The system must be capable of operating outdoors continuously from a stationary boom truck at a nominal height of approximately 45 ft. (14 m) above ground for periods of up to several weeks in a wide variety of field settings with temperatures from -20 - 45° C (-4 – 113° F) and relative humidity from 10 - 100 %.  The instrument system shall withstand wind gusts of up to 48 kph (30 mph) and vibrations caused by such buffeting.  The instrument system shall tolerate daily temperature cycles on the order of 25° C (77° F) without adverse effects on acquired data.  Although we do not intend to operate the instrument system while raining, appropriate precautions are required to protect instrumentation so that dew formation and sporadic raindrops do not affect performance.  The instrumentation, electronics and cable connections must be sufficiently protected from the environment to allow for continuous operation without degradation due to temperature variations, solar radiation, sand, dust, atmospheric salt, and moisture (condensed and water vapor). The contractor shall provide verification that the system has been tested in these temperature and humidity conditions prior to delivery.

3.3. Hardware Design

3.3.1. System Design Requirements
The system will comprise several modular components: radiometer instrument, radar instrument, power distribution system, data processing system, and communications bus.  The system will be designed such that either the radiometer or radar can operate independently as well as in conjunction.

Where feasible, all hardware shall be capable of interfacing to National Instrument’s Virtual Instrument Software Architecture (VISA) hardware/software associated with Lab View control software. Each module will terminate at field point nodes with appropriate connectors to the power, data, and control systems. 

3.3.2. Instrument Component Design

3.3.2.1. Radiometer Antenna

The radiometer shall use a single horn-type antenna shared with the radar instrument.  Additional merit will be awarded for design innovation that reduces the overall dimensions of the antenna.  The antenna beamwidth shall be greater than 8 degrees but not exceed 15 degrees and possess very low and well defined side lobe levels (< -20 dB).  The as-built antenna pattern shall be characterized and provided to NASA. The antenna shall be mounted to the instrument payload chassis (IPC) such that the vertical and horizontal electromagnetic planes of the antenna are perpendicular within 1 degree to the backplane of the chassis.

3.3.2.2. Radiometer

The radiometer shall employ total power design and shall acquire vertically and horizontally polarized data with receivers from 1401 to 1425 MHz in two orthogonal linear polarized channels.  Provisions to acquire circularly polarized data are preferred.  There is no requirement for these observations to be acquired simultaneously.  The radiometer shall include an internal hot load reference temperature on each channel and a correlated noise source distributed to all channels. The radiometer shall also include a thermal control system and insulated environmental enclosures to maintain consistent temperature.  These measures shall contribute to radiometer sensitivity not to exceed 0.25 K.  A secondary enclosure with louvered ventilation openings is recommended to reduce the effects of direct solar radiation on the receiver enclosure.  An Ecosorb( panel or equivalent sized for the horn aperture shall also be provided for use in calibration.

	Parameter
	Specification

	Frequency
	1.413 GHz

	Bandwidth
	24 MHz

	Beamwidth
	8-15 degrees

	Side Lobe Levels
	< -20 dB

	Accuracy
	1 K

	Precision
	0.25 K

	Polarization
	V, H, (C ?)


The radiometer shall employ a method that allows access to the down-converted and amplified Intermediate Frequency (IF) prior to the detection circuitry to an external connection, SMA being the most preferred method.  This external connection will interface to a 50 load.

The receiver design shall provide expansion capability to measure an additional band (e.g. C band) in the future.  The design shall also provide the capability to add an additional L band synthetic aperture antenna in the future.

3.3.2.3. Radar Antenna

The radar instrument shall employ the same horn-type antenna that is used for the radiometer.  The as-built antenna pattern shall be characterized and provided to NASA.

3.3.2.4. Radar Instrument

The radar transceiver shall be designed as a separate stand-alone module from the radiometer receiver and provided its own enclosure.  The transceiver shall transmit and receive at 1260 MHz be fully polarized (VV, VH, HV, HH).  The operating characteristics of the radar system shall include, but not be limited to the parameters in the table below.  It is not a requirement that the radar collect data simultaneously with the radiometer. 

As with the radiometer, the radar transceiver shall also include a thermal control system and insulated environmental enclosures to maintain consistent temperature.  

	Parameter
	Specification

	Frequency
	1.26 GHz

	Polarization
	VV, VH, HV, HH

	PRF
	Up to 10 KHz

	Pulse Width
	33, 66, 100 ns (require variable pulse)

	Range Resolution
	5-10 Meters

	Number of Transmitters
	1

	Total Output Power (Nominal)
	0-10 W variable

	Dynamic Range
	70 dB

	Precision
	0.1 dB

	Intermediate Frequency
	TBD (assume 60-150MHz)

	Number of Channels
	1


NOTE: In order to operate at the proposed frequency (1.26 GHz) without a SPS Spectrum Certification or a Frequency Assignment under a NTIA license, provisions 7.9, and 10.3.7, and NTIA Annex K, 3.4 the power level of the proposed radar system shall not exceed a field strength of 500 microvolts/meter measured at a distance of 3 meters from the antenna.

3.4. Software 

System and data management software and firmware will be provided by the contractor for item specific hardware.  The computer required to operate this software will be provided by NASA.  

3.5. Paint

White powder coat shall be applied to all exterior surfaces of the system.

4. NASA’s Responsibilities

NASA personnel shall provide technical direction, boom truck for deployment, mechanical engineering and fabrication of the instrument payload chassis and coupling interface to attach the payload chassis to the boom tip, and support the installation, testing, and operation of the system at remote facilities.

NASA shall ensure that standard 120 V AC, 60 Hz power from a generator will be transformed and inverted as necessary and provided at the instrument payload chassis.  NASA shall provide a power distribution module that will tap this power and redistribute it appropriately to instrumentation.  Provisions to transform 120 V AC to the required direct current voltage shall also be provided.  Extra power outlets shall be provided to support additional ancillary instruments, such as thermal infrared sensor, video camera, hyperspectral instrument, etc.  NASA shall work with the contractor regarding requirements and provide this module to the contractor no less than 60 days prior to final delivery date so the contractor can achieve instrument performance requirements.

NASA shall provide the computer that will run instrument and data management applications software.

NASA shall obtain a license to operate the transceiver.

5. Delivery

5.1. Schematics and Manuals

Schematics associated with the antenna and enclosures to be mounted on the chassis shall be provided to NASA within 30 days following the Critical Design Review (CDR).  This will allow NASA to begin design and fabrication of the instrument payload chassis (IPC) and the mounting bracket interface between the chassis and the boom tip while the instrument system is being fabricated by the contractor.  All final schematics and manuals shall be provided to NASA upon delivery.

5.2. Verify Operation

Environmental performance tests shall be performed by the contractor to demonstrate compliance with requirements specified in section 3.2.2.  Operational functionality of the instrumentation shall be demonstrated by the contractor prior to delivery.

5.3. Training

The contractor shall train NASA operators on all systems developed herein upon delivery.  

5.4. Packaging

Cleanliness must be maintained during transportation.  Reusable antistatic plastic shipping containers with appropriate handles shall be provided by the contractor to protect and store components. 

5.5. System Delivery

Instruments shall be shipped to NASA/MSFC by the contractor, however NASA may choose to pick up the system from the contractors location.

5.6. Warranty

The contractor shall warranty all instrumentation against failure for a period of at least 1 year.

6. Summary of Deliverables

6.1. Hardware

1. L band antenna

2. Radiometer receiver

3. Radar transceiver

4. Calibration target

5. Field point nodes

6.2. Software

1. System and data management software

6.3. Documents

1. As-built schematic drawings of all system modules

2. Documentation of test procedures

3. Results of component performance tests including environmental testing and antenna patterns Operations manual

4. Source code for system management software

7.  Communications and Schedule

A critical design review (CDR) will be held at NASA/MSFC when the design is at least 70% complete or no more than 90 calendar days after contract award.

Within 30 days following the CDR—

1. Contractor shall deliver schematics for hardware that attaches to the IPC.  

2. Transceiver specifications shall also be provided so NASA can obtain required licenses.

3. Cable and connector specifications and schematics shall be provided so NASA can proceed with fabrication of the power distribution module.

No less than 60 days prior to final delivery date—

1. NASA shall provide contractor with power distribution module and associated cables for instrument testing.

2. The power distribution modules and associated cables will be provided to the contractor for integration and checkout with the instrumentation.

Cable connector information shall be provided by NASA to the contractor.

Delivery of the complete system to NASA/MSFC is required no later than May 31, 2007.

