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Abstract
The Cross-track Infrared Sounder (CrIS) is one of the critical instruments within the NPOESS system.   Its mission is to collect atmospheric profiles for temperature, moisture, and pressure within the earth’s atmosphere.  The sounding accuracy of CrIS will be well beyond the capabilities of current operational sounders. The purpose of this paper is to describe the design of the CrIS sensor, summarize the key sensor characteristics, describe its projected sounding performance, and discuss the current status of sensor development. 

Background
Since the 1970s, the United States has relied on two separate low-earth-orbiting (LEO) meteorological satellite systems (POES for civilian users and DMSP for military users) to provide remote sensing data that is used for weather forecasting and other critical applications.   Because these two systems have sensors that share many similar characteristics, a decision was made in the early 1990s to “converge” these two meteorological systems into a single system for the next century.  This system, known as NPOESS (National Polar-orbiting Operational Environmental Satellite System), is to provide a single low-earth orbiting satellite system that can fulfill the missions of both the civilian and military users.  

The Crosstrack Infrared Sounder (CrIS) is one of the primary sensors within the NPOESS system.  Its mission is to collect upwelling infrared spectra at very high spectral resolution, and with excellent radiometric precision.  The goal of CrIS to produce infrared spectra with much higher spectral resolution than current sounders such as HIRS, as shown in Figure 1.  The higher resolution data can then be used to produce soundings with improved accuracy and vertical resolution.

The CrIS data will be merged with microwave data from another sensor on the NPOESS platform to construct highly accurate temperature, moisture, and pressure profiles of the earth’s atmosphere.  Collectively, the CrIS and microwave sensor are referred to as the CrIMSS (Crosstrack Infrared and Microwave Sounding Suite).  The profiles produced by this suite are a primary input to numerical weather forecast models, and their improved accuracy offer enhanced forecast accuracy on a global basis.
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Figure 1.  CrIS Provides Improved Spectral Resolution and More Channels

Than the Current ITT-Built HIRS Sounder

Numerous trade studies and mission analyses were conducted throughout the 1980s and early 1990s to define the optimum type of sensor to use for CrIS1,2.  These studies examined various types of emerging sensor technologies (grating spectrometers, prism spectrometers, discrete-band radiometers, interferometers, etc.), and concluded that interferometers utilizing a traditional Michelson configuration appeared to offer the most promise for CrIS.  This type of interferometer is capable of extremely good spectral and spatial resolution, and uses its multiplex advantage to produce spectral data with very low noise levels with short integration times.  Even more importantly, an interferometer-based CrIS sensor is smaller, much lighter, and consumes much less power than comparable spectrometer systems.  

CrIS System Overview
As illustrated in Figure 2, CrIS is part of the overall cross-track scanning CrIMMS suite (Cross-track Infrared and Microwave Sounding Suite), which is one of the sensor suites onboard the NPOESS satellite.  CrIMMS was originally to be composed of CrIS plus the AMSU-A and MHS microwave instruments, but current plans call for these microwave instruments to be replaced by the Advanced Technology Microwave Sounder (ATMS).   The NPOESS satellites operate in a polar orbit at a nominal altitude of 833 km.   During typical operations, CrIS will collect radiance data over an extended period of time (typically 1.25 orbit), then downlink this data to ground stations for processing.  
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Figure 2.  Overall Architecture of the CrIS System

The types of data output by the CrIS system come in different forms depending on the users’ particular needs.  To support these needs, three types of CrIS data products are provided.  Raw Data Records (RDRs) are uncalibrated raw data records (also commonly referred to as Level 3 data products) in interferogram format.  Sensor Data Records (SDRs) are data records that have been converted to spectra, have had spectral and radiometric corrections applied, and which have been geolocated (comparable to Level 2 data products).  Environmental Data Records (EDRs) are the resultant profiles of temperature, moisture, and pressure, and are produced by passing the CrIS SDRs and microwave SDRs through EDR algorithms to generate the atmospheric profiles (to produce Level 1 data products).   CrIS raw data that is collected during one or more orbits is downlinked to central to regional terminals, where the data is converted to SDRs and ultimately to EDRs.

Selection Of The “Best Value” CrIS Design 
The CrIS program has been a pioneer in applying the concept of cost effectiveness to an operational satellite program.   Since its inception, the primary objective of the CrIS program has been to deliver the highest-quality data products possible, and the smallest and lightest sensor possible, while meeting aggressive cost constraints.  The goal was to develop a “Best Value” CrIS system design;  that is, a system that provides the best combination of performance and cost.  In this context, “performance” is defined to be EDR-level performance for each of the CrIS EDRs (temperature, moisture, and pressure). 

In order to define the best value CrIS system, ITT Industries (ITTI) developed an accurate System Performance Simulation (SPS) that could be used to evaluate the EDR performance of different sensor and algorithm approaches, and an accurate SEER cost model that could be used to assess the relative life-cycle costs of the various options.  
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These two models were then used to evaluate the relative cost and performance of various sensor design options.  Usually, the goal was to construct parametric relationships such as those shown in Figure 3.  The optimum design point is usually the point at which the cost-versus-performance curve 

Figure 3.  CrIS Cost-Versus-Performance Trade Study Examples

shows an obvious “knee”;  that is, the point at which costs begin to increase rapidly without a corresponding improvement in EDR performance.  The examples in Figure 3 each show a clear optimum design point, which was selected to be the CrIS baseline. 

These types of cost-versus-performance trade studies (also known as CAIV trades, for “Cost As an Independent Variable”), were conducted for other key sensor parameters.  In each case, EDR performance sensitivities were estimated using the SPS, costs were estimated using SEER, and the resultant cost-versus-performance data were then compared to other constraints (such as weight, volume, power) to select the best value design.
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CrIS Sensor Design
The trade studies discussed in the previous section were used to identify the “best value” CrIS sensor design.  Figure 4 shows our baseline CrIS sensor design, and lists many of its key design features. 

Figure 4.  CrIS Sensor Design

The CrIS optical system, illustrated in Figure 5, was designed to provide an optimum combination of optical performance (e.g., large 8 cm aperture and excellent image quality) and compact packaging.   This optical design is also fully wedged and tilted to avoid ghosts and channel spectra, and is athermalized to avoid changes in optical characteristics as the temperature of the sensor varies throughout an orbit.  

Each of the modules of the CrIS sensor have also been carefully designed to provide optimized performance.  Figure 6 shows the design of the CrIS interferometer module, which is being built by ABB Bomem.  The interferometer, which uses a flat-mirror Michelson configuration, is equipped with dynamic alignment to minimize misalignments within the interferometer as the moving mirror moves along its +0.8 cm optical stroke length.  The interferometer is also equipped with a metrology system to accurately measure the position of the moving mirror;  it uses a stable DFB laser diode plus a neon wavelength calibration system to ensure high spectral accuracy.
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Figure 5.  CrIS Optical System Design
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Figure 6.  CrIS Interferometer Module

Each of the other modules of the CrIS sensor have also been carefully designed to provide optimized performance.  Figure 7 illustrates the design of the Aft Optics, Telescope, Detector Optics, and Detector modules.  
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Figure 7.  Other CrIS Modules Employ a Variety of Innovative Design Features

CrIS Projected Performance 
The performance of the CrIS sensor is a significant leap forward compared to existing operational sounders. In particular, overall sensitivity is considerably better than similar types of instruments, particularly in the critical LWIR band, due to the large CrIS aperture and the use of PV detectors.  CrIS sensitivity (in terms of Noise Equivalent Temperature, or NEdT) is shown in Figure 8.  Radiometric accuracy has also been a priority, and the CrIS performance is projected to be considerably less than 1% absolute uncertainty.
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The combination of the CrIS sensor and its SDR/EDR algorithms yields EDR performance that establishes a new benchmark for meteorological sounders.  Figure 9 summarizes the expected on-orbit performance of the CrIS system for each of its three primary EDRs:  temperature, moisture, and pressure.   These results are based on simulations that model CrIS performance under a wide range of conditions, including all types of seasonal and cloud conditions.   The results indicate typical CrIS performance averaged over the entire earth, and over a full year of operation (i.e., different seasonal conditions).      

Figure 9.  Expected CrIS On-Orbit EDR Performance

The graphs in Figure 9 also show lines labeled “Threshold” which indicate the minimum requirements set for CrIS by the government;  in all cases, the expected CrIS performance exceeds government expectations.  The graphs in Figure 9 represent CrIS performance for conditions in which the 3x3 fields of regard of the CrIS sensor are <50% cloudy.  Performance for cases of higher cloudcover is slightly inferior, but still exceeds threshold minimum requirements.

Figure 10 compares the projected EDR performance of CrIS to that of the current HIRS sounder.  For both Temperature and Moisture EDR products, CrIS performance is considerably superior to that of HIRS, due to the much larger number of spectral channels that CrIS has available.  
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Figure 10.  Comparison of CrIS and HIRS EDR Performance

CrIS Development Plans 
Figure 11 provides a graphical summary of the planned development of the CrIS sensor.  A major feature of the development approach is the construction of two Engineering Development Units (EDUs) prior to fabrication of the flight units.  The first engineering unit (EDU1) was built and tested prior to PDR in order to validate the basic CrIS design concept.  A more flight-like unit (EDU2) is now being built, and will complete testing late this year.  The purpose of the EDUs is to identify and correct design issues as early in the design process as possible.  
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Figure 11. CrIS Program Philosophy:  Minimize Risk Via Incremental Hardware Builds  

The CrIS Critical Design Review (CDR) is currently planned for January, 2003, and delivery of the first flight unit is planned for late 2004.  The first flight unit will be one of the sensors onboard the planned NPOESS Preparatory Project (a joint NASA / NPOESS flight demonstration program).  Additional flight units will then be delivered at 12-18 month intervals.  
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