




















8. FIRST IMAGES

The next set of tests consisted of attempting to image natural radiometric scenes. For that purpose the prototype was
again taken outdoors and pointed toward a series of hillsides at JPL. This yielded a remarkable set of images — the first
successful imaging at 50 GHz with an aperture synthesis system. Fig. 7 shows an example — the left panel is a photo of
the scene and the right panel is the reconstructed radiometric image at 50.3 GHz. The hexagonal outlines indicate the

Fig. 7. First image of a natural source

primary imaging area. In an interferometric system such as GeoSTAR there are periodically replicated aliasing windows
in the surrounding region. Radiometric sources within those windows will alias into the primary imaging area, and those
effects are detectable in the images obtained in this series of tests. However, it should be noted that the prototype is sized
for imaging from the geostationary vantage point, where there are no sources outside the primary imaging area — except
for a uniform cosmic background (at 2.7 K) and occasionally the sun or the moon. The aliases created of both bodies
will be used for calibration purposes and do not pose a problem.

These results represent a significant achievement with a relatively simple prototype system and demonstrate that the
aperture synthesis approach works well on the type of radiometric source GeoSTAR is intended to observe.

9. NEAR FIELD IMAGING

The next step was to attempt quantitative measurements with
a known and well characterized target. However, such a
target would have to be in the far field of the instrument,
which is several hundred feet. Arranging a controlled target
large enough to subtend 17.5° and finding a large enough test
range would be a major problem. To solve that problem, a
transformation between near-field and far-field measurements
was developed. This was first tested in a laboratory setting,
and the results were very satisfactory. This worked so well
that a “portrait studio” was rigged up. Fig. 8 shows an Fig. 8. Imaging in the near field



example, again with a photo of the target in the left panel and the transformed and reconstructed radiometric image in the
right panel. It may be noted that the coffee cup the subject is holding is made of plastic, which is transparent at 50 GHz,
and it is essentially the temperature of the coffee that is sensed. It is clearly above body temperature.

10. CALIBRATION

The purpose of developing near field imaging capabilities was to simplify the development of a setup that could be used
for absolute radiometric measurements and the determination of radiometric sensitivity as well as calibration accuracy.
That effort was outside the scope of the NASA funded IIP project, which was then coming to an end. Fortunately, the
team was able to continue that effort under sponsorship of JPL’s internal R&D program. For this purpose, a calibration
target emulating the Earth as seen from GEO was developed. The target consists of a large disk covered with material
that is very absorptive in the microwave part of the spectrum and has an emissivity very close to 1. The circular disk is
sized such that it subtends 17.5° from about 10 meters away. Embedded in the target are two rectangular temperature
controlled sections. Each can be controlled independently. This results in three well-defined areas with separate
temperatures: ambient for most of the target and the two controlled temperatures. In addition, there is a point source
embedded in the center of the disk. This system allows for imaging tests involving sharp temperature gradients and
allows for testing of temporal response and radiometric sensitivity as a function of integration time. All are important
performance measures and permit testing of the theoretical models as well.

Fig. 9 shows this — the left panel is a photo of the setup, and the right panel shows a sample measurement results. The
insert in the left panel shows radiometric images with the point source operating — the upper one as it appears
uncorrected and the lower one as it appears with the near-field transformation applied (i.e. as it would appear in the far
field). The right panel shows a reconstructed and alias-corrected image where the two temperature controlled areas are at
equal temperature (but higher than the ambient temperature of the rest of the target). The lower portion of the right panel
shows a typical time sequence of the various temperatures — dotted lines represent measurements with embedded
thermistors and solid lines represent temperatures derived from the GeoSTAR observations.
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Fig. 9. Quantitative measurements on the JPL near-field range



11. SOUNDINGS AND SIMULATIONS

The next phase of quantitative assessment is just getting under way. Also sponsored under the JPL R&D program, it will
consist of deploying the prototype in the field to make upward-looking temperature soundings of the lower atmosphere.
The objective is to demonstrate sounding capability and to attempt to characterize the evolution of the temperature
inversion that is frequently present in the Los Angeles area.

The final phase of the prototyping effort is also just getting under way. That will consist of the development of an end-
to-end simulation capability, starting with realistic geophysical fields that would be observed from GEO and ending with
retrieved geophysical fields and eventually a forecast assimilation system. When that final element is included, this is
commonly called an Operational System Simulation Experiment (OSSE). These tools can be used to assess the impact of
the observations without having to first invest in implementing a full space system. They can also be used to carry out
performance and resource tradeoff studies. This is a crucial capability that complements a prototyping effort.

12. SUMMARY

The GeoSTAR concept and the related technology have been maturing rapidly — largely as a result of the prototyping
approach'’. The recent test results amount in effect to proof of concept, and this represents a major breakthrough in
remote sensing capabilities. The prototype has also facilitated optimizing and further developing the dsystem design. The
continuing efforts to develop the technology further, based on the tests and performance assessment of the prototype,
will also enhance the system’s performance as well as retire technology risk, and it is anticipated that the concept will be
mature enough that a space mission can be implemented in the 2012-2015 time frame. The only major obstacles
remaining will then be of a programmatic and budgetary nature. It is likely that those will be overcome, and so a
GeoSTAR mission is likely within the next 10 years. This will add significantly to the nation’s remote sensing
capabilities, and the GeoSTAR observations are expected to have a significant forecast impact and will greatly benefit
research related to the hydrologic cycle as well. In particular, the GeoSTAR observations will add much to our ability to
observe, understand and predict severe storms, such as hurricanes.

The advantages of a synthetic aperture system over a real aperture system are significant. For example, error budget
calculations based on simulations indicate that a synthetic aperture system can be expanded in size without unduly
stressing the phase stability requirements. It is therefore well suited to meet future needs as the spatial resolution of
numerical weather prediction models increase. Another advantage is that the GeoSTAR system does not require
platform-disturbing mechanical scanning, and there is no time lag between different portions of the images, as there is in
mechanically scanned real-aperture systems — where there can be a time lag of as much as an hour between the start of
scan at the northern limit of the Earth disk and the end of scan at the southern limit. GeoSTAR thus produces true
synoptic soundings; no other sounder has that capability. An additional advantage is fault tolerance. It is easy to add
redundancy in the correlator system. Also, if one receiver should fail, the result is simply a slight degradation in image
detail — there are no gaps in the image. (The reader can easily verify that by considering the effect of removing one
receiver in Fig. 2.) This “graceful degradation” is in sharp contrast with the catastrophic failure modes of a conventional
system, where the loss of one receiver will cause the loss of an entire sounding band.
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