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INTRODUCTION

The goal of this project has been to develop an aircraft instrument capable of simulating satellite
observations for the purpose of developing polarimetric passive microwave wind direction sensing
techniques. Remote measurements of ocean surface wind fields from space are of critical importance
to weather forecasting, climate studies, oceanography and atmospheric science, and strategic defense
operations. Polarimetric radiometry offers a potential lower-cost alternative to radar scatterometry
for observing global ocean surface wind direction from satellites.

Alternately, polarimetric

radiometers should be useful in conjunction with scatterometers to improve the accuracy of wind
fields measured from space. Polarimetric radiometry might also provide a means of detecting cell-top
ice in convective storms by virtue of the polarizing properties of oriented ice particles, thus
facilitating estimation of stormcell phase.

The project primarily involves the construction of airborne hardware for demonstrating wind vector
retrieval methods and focusses on the development of a four-band fully-polarimetric imaging
radiometer, the Polarimetric Scanning Radiometer (PSR). The PSR is being designed for use on a
variety of aircraft, principally the NASA DC-8 and P-3B. The PSR will significantly enhance the
imaging capability of the existing suite of NASA, NOAA, and NRL passive microwave aircraft
instruments by virtue of its broad spectral coverage; polarimetric capabilities, and versatile scanning
system. In addition, the PSR will provide the first demonstration of advanced digital correlation
technology with potential applications on spacebome sensors such as SSMIIS and converged
DoD/NOAA/NASA sensors.

During the period from March 1, 1995 to May 30, 1996 the PSR was designed, all mechanical
components and most electrical components were fabricated or procured, and the instrument was
-90% assembled. 1 In May 1996, the PSR was integrated onto the NASA DC-8 aircraft at
NASA/ARC. The first data flights of the PSR are planned in conjunction with the Labrador Sea

1

Updates regarding PSR development and deployment can be found on the PSR World
Wide Web home page at http://www.prism.gatech.edu/-gt2930b/psr/.
1

Experiment in January 1997. The primary goa] of ocean surface measurements using the PSR will
be to develop optimal strategies for the retrieval of oceanic wind vector fields from satellites.

The development of the PSR has been supported both by this grant ( NOOO 14-95-1-0426) and a grant
from NASA Headquarters (NAGW 4191 ). Specific tasks funded under NASA support are related
to the development of the PSR digital cmTelator hardware, the integration of an 89.0-GHz radiometer
into the PSR, and the initial modeling and analysis of polarimetric microwave imagery over the
ocean. The purpose of the 89.0-GHz radiometer is primarily for stormcell mapping and further
verification of the surface emission model function at a frequency high enough to preclude resonant
thermal emission .

2

SUMMARY OF ACTIVITIES

An intensive design and fabrication effort was undertaken starting in March 1995 with the initial
goal of flying the PSR on the NASA DC-8 aircraft during the MACAWS campaign in late August,
1995. Unique attributes of PSR design effort included ( 1) a nearly complete reliance on computer
aided design and manufacturing using a three-dimensional Autocad™ software model and computer
controlled numerical cutting (CNC) techniques, and (2) the formation of an interagency design team
with the requisite experience. Participants in the design and fabrication effort at Georgia Tech (in
addition to the authors) included J.D. Brown, C. Campbell, D.B. Kunkee, E.A. Panning, and E.
Thayer. Collaboration with aerospace engineers at NASA Ames Research Center (ARC), Moffett
Field, CA, and Raytheon 2 during the design phase resulted in an airworthiness precertification prior
to any component fabrication. The above design management techniques, increasingly practiced
throughout the aerospace industry, minimized manufacturing errors and fabrication time.

Due to manpower limitations at NASA/ARC as well as the need to refine the PSR design, the
August flight window could not be met. However, the design and fabrication effort culminated in
a design that was subsequently fabricated and assembled on a less intensive schedule during the
period from June 1995 through April 1996. The azimuthal and elevational scanning capabilities of
the PSR were first demonstrated in May 1996. During this month the PSR was also fit to the NASA
DC-8 nadir-7 window in preparation for future aircraft flights, and an on-site airworthiness
inspection was performed. No significant deficiencies were found in the mechanical or aerodynamic
attributes of the PSR. Currently, the PSR is more than 90% flight-ready, with some cabling, receiver
and correlator installation, calibration load fabrication, and flight software yet to be completed.3

2

The Raytheon group consisted of J. Baloun, M. Tucker, and R. Davidson, and were
primary subcontractors to NASA Ames Research Center regarding experiment integration on
NASA medium altitude aircraft.
3

For further details on the PSR see Appendices A and C, or Piepmeier and Gasiewsk.i,

1996b.

3

The PSR was originally designed for airborne deployment on primarily the NASA DC-8. To provide
additional platform diversity, re-integration of the PSR in the bomb bay of the NASA Wallops Flight
Facility's P-3B for the Labrador Sea Experiment was begun in May 1996. The Labrador Sea
experiment along with associated integration flights will comprise the first in-flight demonstrations
of the PSR. Additional plans for integration of the PSR into the Q-bay of the NASA ER-2 aircraft
have been outlined. The ER-2 platfom1 would allow high-altitude (65,000 ft, or 20 km) operation
that would be especially suitable for simulation of satellite observations of ocean surface winds,
cloud ice, and convective precipitation. Initial cost estimates for this integration are considerable
($325,000) due to the need for extensive modification of a Q-bay hatch cover. Simpler and lessexpensive integration designs are currently being considered for the ER-2 integration.

A. PSR Design Objectives. Constraints, and Results
The PSR design followed directly from specific scientific objectives along with platform and
mechanical constraints, culminating in an extremely versatile scanning instrument. The scientific
objectives of the PSR were: (I) to provide fully polarimetric (four Stokes' parameter: T v• T h• T u• and
Tv) observations of thermal emissions from the ocean surface at four of the most important
frequencies (10.7, 18.7, 37.0, and 89.0 GHz), thus providing measurements from X toW band; (2)
to provide absolute measurement accuracy for all four Stokes parameters for each frequency of better
than 1 K for Tv and Th, and 0.1 K forT u and Tv; (3) to provide radiometric imaging with fore and
aft look capability (rather than single spot observations or aircraft circle observations); (4) to provide
conical, cross-track, along-track, and spotlight mode scanning capabilities; and (5) to provide
imaging resolutions appropriate for both resolving long ocean waves and for simulating satellite
observations with Nyquist spatial sampling.

Constraints on the design were dictated by the available platforms and the associated mechanical,
aerodynamic, and environmental considerations. The NASA DC-8 was chosen as the primary
platform due to its extensive range, altitude and payload capabilities. Moreover, designing the PSR
·to fit into the nadir-7 port of the DC-8 would allow simple retrofits to other aircraft, for example,
the NASA P-3B, NASA C-130Q, NRL P-3, and NASA ER-2. Accordingly, the DC-8 design

4

specifications of 6 g's and an aerodynamic Q of 570 psf (during dive) were used. Environmental
conditions to be considered included an operating temperature range of -40°C to 40°C, condensing
atmosphere, and nominal aircraft vibration levels.

The resulting design (see Figures 1-3; see also Appendix C for a diagram listing) was conceived
during the period from March through June 1995. The PSR scanhead consists of four polarimetric
radiometers operating at 10.7, 18.7, 37.0, and 89.0 GHz. To efficiently utilize the scanhead faceplate
space, the 10.7 and 37.0 GHz radiometers utilize a common dual-band antenna (Figure 4), while the
18.7 and 89.0 GHz receivers each utilize their own single-band antennas. All antennas are of the
lens/corrugated feedhom type, and manufactured by Microwave Engineering Corporation of North
Andover, MA. 4 All antennas are dual orthogonal-linear polarized, with on-axis cross-polarization
ratios better than 30 dB. The microwave receivers are all dual-channel superheterodyne with a
common local oscillator driving each of two identical mixers (Figure 5). The 10.7 and 18.7 GHz
receivers are single sideband (SSB) and use high electron mobility transistor (HEMT) preamplifiers,
while the 37.0 and 89.0 GHz receivers are double sideband (DSB). Noise temperatures are low
enough to meet the required sensitivities for most aircraft imaging modes (see Appendix A).

Calibration will be performed in-flight using standard (unpolarized) hot and cold blackbody targets,
with absolute polarimetric calibration accomplished on the ground using a polarized calibration load
[Gasiewski and Kunkee, 1993]. In order to use unpolarized loads to calibrate the system, an
innovative digital correlator for polarimetric radiometry was developed [Piepmeier and Gasiewski,
1996a; see also Appendix B].5 Each of eight correlator cards processes a 500 MHz bandwidth; IF
subband division is used to provide the total IF bandwidth needed to meet the sensitivity
requirements. The correlators operate at 1 GS/sec and are implemented using high-speed emittercoupled logic (ECL) and digital-microwave design techniques (Figure 6). The digital correlators are

4

The antennas are based on similar design as that used on the DMSP SSM/I instrument.

5

The development of the digital correlator hardware is supported under NASA
Headquarters grant NAGW -4191 , "Passive Measurement and Interpretation of Polarized
Microwave Brightness Temperatures."

5

backed up by redundant conventional analog detection systems.

Figure 7 shows the performance of the digital correlating radiometer (operating at 400 MS/sec)
viewing a rotating polarized calibration load. It is seen that the feedhorn brightness temperatures

<TrA• Tm, Tru) and the Stokes' parameters of the load (Tv:::::332, Th:::::309, Tu:::::O in Kelvins) follow the
well known rotational transformation relationship [Tsang et al., 1985]:

sin 2 ¢
cos 2 ¢
sin 2¢

t

sin 2¢] ( Tv )
-2 sin 2¢ • Th
cos 2¢
Tv

where <t> is load rotation angle around the feedhorn axis. The minimum theoretical sensitivity (i.e.,
SNR) for a digital correlator is -81% of the SNR for a perfect analog correlator. The measured
sensitivity of the digital correlator for Tu is approximately a factor of two below the minimum
theoretical level. The reduction in sensitivity is apparently due to digital crosstalk and is being
addressed in a third-generation design using a multilevel PC board.

Unlike active instruments, radiometers have no ability to "range gate" brightness signatures caused
by aircraft radomes, thus no radome is used. To provide the required imaging capabilities a nadirviewing two-axis gimbal mount was designed and fabricated for operation in the airstream outside
the aircraft (Figure 8). The mount utilizes a 30-inch diameter ring bearing to support a nominal
aerodynamic load of up to 600 lbs. An aerodynamic fence is required on the NASA DC-8 to reduce
the maximum free-stream wind loading to -170 psf, which is appropriate for the gimbal and
scanhead structure. Geared stepper motors with -135 N-m of torque along with 12-bit absolute
position encoders facilitate scanhead motion under nominal wind loading. Structural torsional
deflections were designed to be under 0.01° to maintain positioning accuracy. Aircraft-quality
hardware and material stock were used throughout. Azimuthal and elevation slip rings provide power
to the scanhead.

6

Date is processed by a 80486-based computer within the scanhead, then sent to an archival computer
in the aircraft cabin via a 10-base 2 LAN' link through the sliprings. Thus, all radiometric detection
is accomplished inside the scanhead drum. In order to minimize damage to the electronics caused
by condensation, a dry nitrogen gas system is used to purge the scanhead drum and sliprings. A
polarized red-filtered video camera is also mounted inside the scanhead. This camera is used to
observe the scene for purposes of cloud clearing, foam coverage estimation, and surface feature
detection. The video signal is sent to a video recorder in the aircraft cabin via sliprings.

C. PSR Applications
The gimbal-mounted PSR scanhead has simultaneous elevational and azimuthal scanning capability.
Several scan modes with potential application from space will be available by in-flight software
selection, including: (1) conical one- and two-look imaging modes, (2) cross-track imaging mode,
(3) along-track scanning mode, and (4) spotlight mode. These scan capabilities, along with the
multi band polarimetric sensing capability of the PSR the following applications:
4.::f :,?,.-

•
•
•
•
•
•
•
•
•
•
•
•

Ocean thermal emission model function validation
Wind-vector two-look retrieval algorithm development
Resonant thermal emission studies
SSMIIS, TRMM, NPOESS calibration/validation
Incident angle measurements for convergence studies
Precipitation and cloud parameter retrieval algorithm studies
Joint observations with SAR, wind lidar, and scatterometers
Internal wave/surface interaction studies
Marine boundary layer studies
Multispectral ocean and land ice studies
Detection and imaging of oil slicks
Tower and ship based observations

When operating in conical scanning mode t.he beam incident angle will be variable from 0 degrees
(nadir) to 70 degrees above nadir to allow assessment and optimization of several candidate winddirection retrieval techniques. In addition., replacement of any of the four radiometers with other

7

active or passive instruments (of appropriate size and weight) can be done to extend or modify the
capabilities of the PSR.

D. PSR Deployments
The PSR was originally designed for airborne deployment on primarily the NASA DC-8. A
successful fit to the DC-8 nadir-7 port took place at the NASA Ames Research Center in May 1996
(Figure 3), although test flights on the DC-8 currently await the installation of an aerodynamic
fence. 6 Deployments of the PSR on the: DC-8 are being planned for the middle of 1997.

In January 1997, the first airborne deployments of the PSR are planning to be conducted over an
instrumented site in the Labrador Sea (around 56°N 52°W).7 These deployments will emphasize
ocean surface imaging of the four Stokes' parameters. The primary goals of the Labrador Sea
experiment will be to ( 1) develop optimal strategies for the retrieval of the oceanic wind vector and
(2) to develop a physically-based thermal emission model function for the ocean surface. In
addition, wind vector retrievals using the PSR will be used to aid in calibration/validation studies
of the NSCAT wind scatterometer, to be launched in August 1996. The deployment wiJI take place
with the PSR mounted in the "bomb-bay" of the NASAIWFF P-3B aircraft. Integration of the PSR
into the P-3B bomb-bay is currently underway.

During January the Labrador Sea is an area of extremely high surface winds, often exceeding 15
rnlsec. Overflights of an instrumented drifter buoy array (MINIMET array) operated by P. Niiler of
the Scripps Institution of Oceanography are expected to provide the following sea surface and
atmospheric parameters: surface pressure, sea surface and air temperature, and wind speed and

6

Manpower limitations at the NASA Ames Research Center during FY1996 have
delayed the installation of the PSR fence on the DC-8 until late 1996 at the earliest.
7

Deployments of the PSR in conjunction with the Labrador Sea experiment will be
partially supported under ONR grant N00014-95-1-0426, "Airborne Measurements of Oceanic
Wind Vector Fields over the Labrador Sea using Passive Polarimetric Radiometry." Additional
support will be provided by NASA Headquarters grant NAGW 4191 and project order number
SMC185-96~N0109 from the NPOESS Integrated Program Office.

8

direction. An instrumented mooring provided by the D. Pillsbury of the Oregon State University will
provide independent data on these parameters as well as additional data on long-wave directional
spectra. Wind dropsondes for in-flight measurement of wind profiles from the P-3B are to be
provided by G. Albright of the National Center for Atmospheric Research (NCAR). Additional
instruments to be flown on the P-3B include the University of Massachusetts C-band scatterometer
(C-Scat) and several non-scanning polarimetric radiometers from NASA/JPL, NRL (the Windrad
suite), and the NOAA/ETL The integration and flight logistics for the Labrador Sea experiment are
being managed by P. Bradfield of the NASA Wallops Flight Facility.

9

CONCLUSIONS AND RECOMMENDATIONS

On the basis of laboratory measurements of thermal emission over water waves [Gasiewski and
Kunkee, 1994; Johnson et al., 1993, Yue:h et al., 1995], SSM/I satellite measurements over the ocean
[Wentz, 1991; 1992], and theoretical modeling studies of ocean thermal emission [Kunkee and
Gasiewski, 1996] it appears that it is possible to perform satellite-based measurements of ocean
surface wind direction using polarimetric radiometry. Moreover, the addition of a cross-correlation
channel to measure T u will provide independent and unique information on the direction of surface
wind. In order to develop practical retrieval techniques for passive measurement of wind direction
it is important that the model function for thermal emission from a striated ocean be more fully
developed. This task can be greatly facilitated via collection of in-situ ocean thermal emission data
for a variety of conditions from aircraft.

The PSR will allow passive polarimetric observations of the ocean surface from the NASA DC-8
or P-3 platforms over a wide range of incidence angles. The gimbal mount scanning mechanism will
allow the four PSR radiometers (at frequencies of 10.7, 18.6, 37.0, and 89.0 GHz) to view the
surface at elevation angles from nadir up to 70°, and over 360° in azimuthal angle. 8 Thus, two-look
algorithms for ocean wind direction sensing will be able to be thoroughly tested prior to space
instrument definition. A variety of scan modes will be available: cross-track, along-track, spotlight,
and conical. In the conical mode, incidence angles from zero to 70° will be selectable in-flight via
software.

The broadband nature of the PSR channel set will greatly facilitate the collection of a data set for
corroborating a thermal emission model function of the ocean surface. The PSR channels will also
coincide with critical channels used by the SSM/I, SSM/I-S, and TRMM Microwave hnaging
Instrument (TMn, and converged DoD/NOAA/NASA instruments. Thus, the PSR is expected to

8

The elevation angle of the PSR forward view on the DC-8 is limited to 53 degrees due
to occultation caused by the aircraft faring. The PSR P-3 integration will avoid this forward
occultation, thus providing a full 360° view up to 70° above nadir.
10

be a valuable underflight instrument for calibration and validation studies involving these sensors.

Due to their wide altitude range (500 m to 8 km for the P-3B, and 500 m to 12 km for the DC-8) and
exceptional attitudinal stability, these aircraft are excellent platforms for ocean surface emission
studies. However, the PSR channel set and polarimetric capabilities can also be used for studies of
atmospheric convection. In atmospheric convection studies, it is desirable to obtain platform
altitudes up to 20 km in order to observe the highest cell tops. Such altitudes can be obtained by the
NASA ER-2 high-altitude aircraft. Thus, in the third grant year it is recommended that integration
of the PSR on the NASA ER-2 be further considered with the goal of reducing the integration cost
to -$200,000.

11
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Figure lc. PSR Autocad™ rendering showing critical dimensions (in inches)- side view.
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Figure 2. Photograph of the PSR - side view.
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Figure 3. Photograph ofPSR integration into the nadir-7 port ofthe NASA DC-8 aircraft.
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Figure 4. 10.7/37.0 GHz dual-band dual-polarization antenna with integrated lens and
feedhorn.

(One of four radiometers shown others are similar)
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Figure 6. Photograph of the second-generation 1 GS/sec digital correlator card.
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Figure 7. Variations in the first three Stokes' parameters as a function of the rotational angle of a
polarized calibration load. As expected, TA and 1; are in phase quadrature with Tu. and the
amplitude ofTu is equal to the amplitudes ofTAand T 8 .

Figure 8. Close up photo of the PSR yoke and upper azimuthal bearing assembly illustrating part
of the gimbal scanning mechanism. The elevation scan motor and elevation drive gear are shown.
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Polarimetric Scanning Radiometer for Airborne Microwave Imaging Studies
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The PSR coosista of four cimbal-mounted radiometers operating at 10.7, 18.7, 37, and 89 GHz (Figure 1).
Each radiometer measures the first three modified Stokes'
parameters (T.,
(f£.,12 ), T,.
(IE,.I 2 ), and Tu =
2Re(E.,£A)). Analog detection hardware is ued to mealtll'e the orthogonal brightness temperatures, T., and TA.
A recently developed three-level digital correlator operating at 1 GS/• has been implemented for the measurement
of Tu. This combination of receiver/detector technology
allows precise caJibration using only two {hot and cold)
non-polarized calibration 1tandards.

Abstract - A multiband microwave polarimetric scanning radiometer (PSR) has been coostructed for airborne
observations from the NASA DC-8 airborne platform.
The primary application of the PSR is the dev·elopment of
optimal spaceborne hardware configurations and retrieval
algorithms for passive wind-vector sensing over the ocean
surface. Four radiometers, operating at 10.'7, 18.7, 37,
and 89 GHz, each measure the first three modifed Stokes'
parameters (T... , T,., and Tu). A gimballed mechanism allows observations at any incident angle within a cone of
- 70° half-angle around nadir. The PSR's four radiometers and two-axis scanning capability will provide unique
polarimetric data for microwave emission studies of both
ocean and land surfaces, as well as atmospheric clouds
and precipitation.

=

A dual-band feedhom antenna with integrated lens provides 3-dB beamwidths of8° and 2.3° at 10.7 and 37 GHz,
respectively. The antenna uses a corrugated ICalar feedhorn along with a vooved rexolite lens. Orthomode couplers are used to obtain the orthogonally-polarized signals.
Two similar single-band lens/feedhom ante.Dnas operating
at 18.7 ~d 89 GHz have 3-dB beamwidths of 8° and 2.3°,
respectively. These beamwidths correspond to nadir spot
sizes from 200 to 700 meters when operated at a nominal
altitude of 5 km. Polarization i.solatibn within the principal planes is typically better than 30 dB. While conventional double sideband superheterodyne radiometers are
used for the 37 and 89 GHz channels, single sideband receivers with HEMT front-end amplifiers are used for the
10.7 and 18.7 GHz channels. Other important radiometric
1pecifications are provided in Table 1. The block diagram
for the typical PSR radiometer is shown in Figure 2.

1. INTRODUCTION
Airborne remote sensing instruments can provide critical data needed for spaceborne sensor and retll'ieval algorithm development. Given the recent mandates for lowcost Earth probes, airborne measurements ha.ve become
all the more important to such development. Indeed, for
only a small fraction of the cost of a comparable spaceborne system, an airborne sensor can provide a wealth of
data for determining the optimal configuration of spaceborne hardware and geophysical estimation a~gorithms.
We describe here a new instrument for passsive microwave
remote sensing from airborne platforms which provides
several unique capabilities. The Polarimetric: Scanning
Radiometer (PSR) was developed to provide wideband
spectral coverage with tri-polarimetric (three Stokes' parameter) capability using a variety of scan modes. The
primary application of the PSR is the development of optimal hardware configurations and retrieval algorithms for
passive wind-vector sensing over the ocean .sul'face. Additional applications include high-resolution polarimetric
imaging of clouds, convective precipitation, eea ice, and
(to a Jesser degree) soil moisture.
2. INSTRUMENT DESCRIPTION
Thia work waa aupported by ONR pant N0001·'-9S.l..().426,
NASA p-ant NAGW .C191, and the Geo,.Pa Inatitu&e ofTechnolop.

=

The digital correlators are comprised of three basic
components: {1) high-speed analog-to-digital converters
(ADC), (2) three-level multipliers, and (3) ripple accumulators. The baseband radiometer 1ignals are sampled and
quantitized into three levels at 109 samples per second .
Following discretization, the signal samples are multiplied
and the resulting products are accumulated in a 24-bit
ripple counter. The accumulated value is converted into
an estimated analog correlation coefficient using methods
presented in [1]. With the appropriate threshold levels,
the three level correJat.or achieves a .ensitivity of- 0.81
relative to a perfect analog correlator [2].
The correlators use discrete high-speed ECL components to achieve a fast sampling rate and wide bandwidth.
The high-speed ECL 1ignals exhibit transition times of
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~ 250 ps; therefore, the digital signals have a)>eetral cont.ent ~ 4 GHz. The circuit ia fabricated on Jow-loea woven PTFE double-sided copper-clad circuit board. All
high-apeed components (both passive and active) are surface mount devices. Microstrip tranami•ion lines with
t.erminating resistors form signal interconneotions. The
'* of tuch microwave digital design technique~: eliminates
riDging and minimizes transition time, thus 1naximiling
the correlator bandwidth. When sampled at tbe Nyquist
rate, each correlator measures an IF band of width SOO
MHz. Tbe U8e of ~vera! correlatol'll along with IF tubband splitting hardware provides a total IF ch8llnel bandwidth equal to a multiple of the bandwidth for a single
correlator.

tive experiment control and data loging, is located in the
cabin or the aircraft. 'Itmperature data ftom \he calibration ltandards is stored in a RAM c:acbe and tranlferred
via an RS232 interface for atorase by the data acquisition
system. Data from the various .ources are time-Aamped
using time poeratora I)'Dcbronised to IRIG-B lipals,
U.ua facili~ preciae &emporaJ nPt.ration. A video
camera is loca&ed wiUUn \he ecanhead and co-boresighted
with &he radiometer antennas.

I

a. APPLICATIONS
.'

Dual-polariled radiometer data from \he DMSP SSM/1
iut.rument has beeD shown to be .u.efuJ for U.e measurement of the oceanic wind vector [3]. Recently, the utility
of Tv was experimentally obeerved by [4, 5]. SpecificaJiy,
uimuthal bfilhtneas variatio111 of Tv were ahown to be
similar in amplitude to those of T., and T. I but in phase
quadrature. Tv appears to be relatively in8enlitive to unpolarized emiaio111 from clouds. The paucity of available
polarimetric data, however, has hindered the development
of an optimal puaive wind-vector 1e1110r. The PSR is
unique in &hat it is the first aircraft instrument designed
to both verify and help improve passive wind vector 8eD&ing techniques applicable to spaeeborne obeervation sy&- t.ems. Importantly, imases of the upwelling Stokes parameters can be made over a wide microwave frequency
range (X• toW-band) with channels comparable to the
SSM/I, SSM/I-S, and EOS MIMR eensors, and over a
wide range of surface incident angles. Thus, the conically
IC&nned imasery from the PSR will be critical to both
the developement of wind vector retrieval algorithms and
the optimal configuration for a apaceborne wind vector
sensor.

The PSR gimbal structure allows the radi()meter ant.ennas to be ecanned in-flight using two independent delrees offreedom (azimuth and elevation). The mechanism
permits a number of scanning modes, including conical,
cross-track, and spot-light modes. These ecan modes may
include any observation angle within a cone of ... 70° halfangle around nadir. (A fence is located in front of the
instrument to reduce wind loading; this fence limits the direct forward view to- 53° from nadir.) A programmable
controller operates two sealed, low-temperatu:re stepper
motors with position feedback obtained using two 12-bit
optical encoders providing 0.088° pointing knowledge.
Electrical power is supplied to the instruments in the
drum via slip-rings, thus allowing continuous rotation of
the radiometer drum in both axes. Maximum motor
torque is - 75 N·m (100 ft·lbf), providing a minimum
scan rate of one line every three seconds. Passive motor
brakes are used to prevent windmilling in the event of
power loss.
'Calibration of the PSR is accomplished by vi~~wing two
unpolarized blackbody standards, one at ambient temperature (- 250 K) and one heated to- 310 K. Each standard consists of absorber material fastened to a metal
heat sinlc and contained within a closed-cell styrofoam
insulating jaclcet. Using the digital correlator, only two
such calibration standards (hot and cold) are 111eeded to
c:alibrate both the total power channels (T., and T•) and
the crOIS-Correlating channel (Tv). Blackbody temperatures are measured at eight locations on each standard
using RTD sensors embedded in the abeorbing material.
The acanhead drum, slip rings, and calibration !loads are
purged in-flight with dry nitrogen to protecting the radiometers, electronics, and other sensitive materials from
water vapor and condensation.
Radiometric data is collected by a computer located
within the scanning drum. This remote system communicates with the main computer via a 10-baae-2 lciC&I area
network. The main computer system, used for interac-

Since the launch of the first SSM/I in 1987, this instrument has been used to map convective precipitation
rate, cloud liquid water, ice content, and integrated wat.er vapor, along with eea surface parameters. Improvements in clobal equatorial coverage could be obtained
using a slightly wider cone-angle than provided by the
SSM/I. The requirement of global equatorial coverase at
the SSM/I altitude of 833 km in turn requires a greater
turface incident angle(- 63°). Underfiighta ofthe SSM/I
using the PSR will be useful in assessing the impact of
such an increue in the angle of incidence on the accuracy of the above retrieved parameters. In addition, the
PSR will be u.eful u a post-launch underllight sensor for
calibration and validation purpoees.
4. SUMMARY
PSR components are currently being assembled at the
Georgia Institute of Technology, with initial flight-a being
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planned for May-June, 1996. A eecond eet c1f lights focussing on passive wind vector eensing is being planned
for January 1997 over the Labrador Sea &r~L. With its
multispectral polarimetric measurement capa.bilities the
PSR will provide important data neceesa.ry for the development of passive wind-vector eensing techniqtlles. Future
deployments of the PSR are being planned in c:onjunction
with the NASA Tropical Rainfall Measuremcmt Mission
(TRMM) and with calibration/validation ltudies in support of lhe National Polar-Orbitting Operational Environmental Satellite System (NPOESS).
Aclcnowledgements: The authors would lilce to thank R.
Davidson, J. Baloun, and M. Tucker of lhe Raytheon
Corporation; C. Campbell, E. Panning, D. :Kunkee, E.
Thayer, and S. Sharpe of the Georgia Institute of Technology for valuable contributions to the design c1f the PSR;
and Dr. M. Van Woert of the U.S. Office of Naval Research for his support.
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Figure 2: Block diagram of the typical PSR radiometer.
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Appendix B

THREE-LEVEL 1 GS/s DIGITAL CORRELATOR FOR
WIDEBAND POLARIMETRIC RADIOMETRY
J. R. Piepmeier and A. J. Gasiewski
School of Electrical and Computer Engineering
Georgia Institute of Technology, MS 0250, Atlanta, GA 30332-0250

ABSTRACT

components to achieve a significantly faster
sampling rate and wider bandwidth. Digital
microwave design techniques were applied in
the developement to attain proper operation
of the correlator at up to 1 GS/s clock rates.

A 500-MHz bandwidth, three-level (1.6 bit)
digital correlator operating at 1 GS/s was
designed and fabricated.
The digital circuit is comprised of discrete high-speed silicon emitter-coupled logic components. The
use of digital microwave design techniques was
necessary to accomplish proper clock distribution, impedance matching, and asynchronous
signal propagation. The correlator is to be
part of a fully polarimetric radiometer for airborne application . Experimental results from
a 400 MS/s prototype polarimetric radiometer
are presented .

DIGITAL CORRELATOR

The digital correlator is comprised of three basic components: high-speed analog-to-digital
converters (ADC) , three-level multipliers, and
ripple accumulators. The input signals are assumed to be jointly Gaussian with zero mean
and unit variance. The signals are sampled and
quantitized into three levels at 109 samplesper-second . The effective 1.6-bit (log 23 = 1.6)
ADCs are comprised of latched dual comparators clocked at "' 1 GSjs. The digitized data
takes on values of +1, 0, or -1 depending on the
level of the input signal with respect to positive
and negative DC threshold levels. The samples
are multiplied using a total of six AND jN AND
gates and results are accumulated in 24-bit ripple counters. The counter value after 224 samples provides an estimate of the correlation coefficient of the two signals. This estimate is
converted into a corresponding analog correlation coefficient using methods presented in
[3]. With the appropriate threshold levels, the

INTRODUCTION

Wideband high-speed digital correlators
have applications in radiometric polarimetry,
synthetic-aperture interferometric radiometry,
and autocorrelation spectroscopy. Previously,
such correlators were fabricated using either
VLSI or standard ECL and operated at sampling rates ;S 256 MS/s [1], [2]. The correlator
described herein uses discrete high-speed ECL
26

three level correlator achieves a sensitivity of
0.81 relative to a perfect analog correlator [4].

Tv "' 2Re < EvE"h >

Tv "'21m< EvEh >
where Ev and Et. are the vertically and horizontally polarized incident electric fields and
< · > denotes ensemble averaging. The input
signals are downconverted using a pair of superheterodyne receivers driven by a common
local oscillator (LO). The voltages at the receiver outputs, vv(t) and Vt.(t), correspond to
the received signals in the vertical and horizontal polarizations, respectively.

DESIGN TECHNIQUES

Use of digital microwave design tech;niques preserves the integrity and timing of the highspeed digital signals. The high-speed ECL signals exhibit transition times of .S 250 ps; therefore, the digital signals have spectral content
~ 4 GHz. The circuit is fabricated on lowloss woven PTFE double-sided copper-clad circuit board. All high-speed components (both
passive and active) are surface mount devices. f"•~t..---..(')()..........1
0
Interconnections are made using microstrip _., l.'
4
transmission lines with terminating resistors
to eliminate ringing and minimize transition
time.

2-4 GHz

A differential clock is distributed via coupled
microstrip transmission line pairs operating in
the odd-impedance mode. Programmable time
delay ICs are used to compensate for small
path length differences, thus synchronizing the
clock, ADC latch, and digitized data signals.
The use of such "wavefront processing" design
techniques, the arrival times of all signals are
adequately maintained.

APPLICATION AND
DEMONSTRATION

Figure 1: Digital correlator connected to a polarimetric radiometer in the polarization correlating
mode.

The digital correlator will be part of a fully polarimetric radiometer for airborne application
(Figure 1). The radiometer directly measures
the four modified Stokes' parameters [5):

To measure the third or fourth Stokes' parameter the correlation coefficient of the timevarying voltages p must be estimated by the
digital correlator. These Stokes' parameters
are subsequently found by:

Tv"-'<

IEvl 2 >

Tt. "'<

1Et.l2 >
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where Tv,sys and Th,sys are the calibrated thermal temperatures of the two receivers (referred
to the inputs) and o = U or V. If the 10 signal
is in-phase at each of the receivers, Tv is measured; however, if Tv is desired, the 10 signals
are adjusted to be in quadrature-p:nase.
An experiment connecting a prototype digital
correlator operating at 400 MS/s to a 91.65
GHz polarimetric radiometer was carried out.
The radiometer was calibrated using the nonpolarized hot and cold blackbody technique. A
polarized blackbody described by [6] was used
to generate a known input Stokes' field . Rotation of the polarized load resulted in brightness temperature variations in all three measured Stokes' parameters TA, TB, and Tv.
Digital measurements are converted to brightness temperatures and presented in Figure 2.
As expected , the Tv variations are in phasequadrature with those of TA and TB. In addition, the amplitude of the Tu variations are
nearly equal to the amplitude of the TA and
TB variations. These two features are anticipated consequences of the Stokes' parameter
rotational transform [7].

CONCLUSION
A wideband digital correlator operating at
1GS/s has been designed and built. Digital microwave design techniques were used to insure
satisfactory performance. A prototype correlator operating at 400 MS/s was demonstrated
in the application of wideband radiometric polarimetry.
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Appendix C

:PSR Drawing List
A.J. Gasiewski
January 25, 1996
Drawing#

Description

1.
2.
3.
4.

PSR-2 Support Structure
PSR-2 Structural Yoke
PSR-2 Azimuthal Sha:ft Assembly
PSR-2 Main Ring Bearing:
Lower bearing inner and outer seats
Inner and outer flange plates
PSR-2 Endcaps
Idle side
Drive side
Faceplate clip
PSR-2 Elevation Brackets
PSR-2 Electrical Wiring
PSR Electrical Connectors
Slipring wiring specifications
TBD
PSR-2 Faceplate & l...ens/Feedhorn Details
PSR-2 Drum/Yoke Cross-Section
PSR-2 Calibration Loa.ds
PSR-2 Scanhead Interior
Cutaway views of scanhead
I...ens/feedhorn antennas
Power supply plate
DC-8 Equipment Rack Layout
DC-8 Integration Overview
Dimensions for Mounting and Integration
Fence

5.

6.
7.

8.
9.
10.
11.
12.

13.
14.

15.
16.

AMMR 92 GHz Radiometer DC-8 Installation Details
PSR Materials list
PSR Fastener List
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