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Abstract— The Compact Ocean Wind Vector Radiometer
(COWVR) is a technology demonstration mission, deveped at
the Jet Propulsion Laboratory (JPL), and scheduled folaunch
in 2016. The goal of COWVR is to provide the same wi
vector retrieval accuracy of other instruments, like WindSat,
while reducing the total mass and using less powein this
paper, we present an overview of the COWVR instrumet, and
a detailed description of the EM modeling of the amnna
system and the test campaign carried out at JPL tossess its
performance. Special emphasis has been placed ons@ssing
the accuracy of the predictions made with the RF ndel. We
will show that the predicted radiation patterns are accurate
enough so one can use them for orbit radiometer dhration.

Index Terms—eflector antenna, horn antenna, off-set
reflector, radiometer, scanning antenna, anechoic hamber
measurements, radiation patterns.

. INTRODUCTION

The Compact Ocean Wind Vector Radiometer
(COWVR) mission has been developed at Jet Propulsio
Laboratory (JPL), in collaboration with the US Aiorce
Space and Missile Systems Center. COWVR has been
conceived as a proof of concept mission and itieduled
for launch in 2016. The technology to be demonstras a
low-cost, low-mass, low-power, fully-polarimetrimaging
radiometer in the K and Ka bands. First, the redwsiee of
the instrument is well adapted for implementatian an
ESPA-class satellite, enabling a low-cost launch aas
secondary payload. More importantly, the fully-puteetric
capability enables the retrieval of the ocean serfaind
vector, along with other key environmental paramsgte
namely, precipitable water vapor, cloud liquid wate
precipitation rate and sea ice. The novel desigpiad for
COWVR has allowed us to reduce the system complexit
which in turn significantly reduces the cost, mamsyer and
volume from the heritage WindSat sensor [1]. Yet, i
predicted to maintain the same wind vector retlieva
accuracy.

II.  ANTENNA SYSTEM AND RFMODEL

In the following, we will focus on the instrument’s
antenna; the reader is referred to [2] for a dedladlescription
of the radiometer and its capabilities. The antesystem
consists of an offset-fed reflector with a 75cm nuber
parabolic dish and focal length equal to 43cm. Téwd's

phase center is placed at the focus of the reflegiih no
edge offset. Hence, the feed and part of the tajx dee in
the direct field of view of the reflector. We haused a
corrugated conical horn feed, which has been itdgfrom
Jason 3 [3] and covers the 18.7 GHz, 23.8 GHz &€ 3
GHz bands. An Ortho-Mode Transducer (OMT) is placed
after the horn in order to separate the two linear
polarizations, which are then processed by theoraeter
electronics. The corrugated horn, shown in Fig), i¢afixed
(non-rotating). In Fig. 1(b) one can also see the deck,
which includes the reflector, the supporting striged a
conical baffle all around the feed-horn. The bafftes added

in order to reduce interaction between reflectat tup deck.
Contrary to the horn, the top deck spins in ordgurovide a
conical scan of the antenna beam footprint, simitathe
mesh reflector in the SMAP mission [4]-[5].

(a) (b)

Fig. 1. (a) Detail of the corrugated conical horn, with tiaffle around and
covered with an EPS radome. (b) CAD Model of theWB@OR instrument

antenna in its 120° position including (in purpledar the top deck) the
Spinning Mechanism Assembly (SMA).

Bearing in mind the configuration of the instrumene
now describe the steps taken for an accurate EMeliugl
First, the entire feed assembly, including the aumding
baffle and the expanded polystyrene (EPS) radona¢ th
covers the horn (Fig. 1(a)), was modeled in HFFSTBe
calculated radiation patterns also take into acttheanphase
delay between polarizations introduced by the OMTa
second step, a simplified model of the instrumevtich
includes the top deck, the conical baffle, thetstrand the



reflector (see Fig. 2) has been introduced in GRAZPA
spherical wave expansion (SWE) of the HFSS radiatio
patterns is used as source in GRASP. Then, thalemelk
fast multipole method (MLFMM) [8] add-on of GRASP i
applied to obtain the total radiation pattern. Bleeuracy of
this hybrid HFSS-GRASP model is discussed in Sedig
where a detailed comparison with measurementsigrsh

Fig. 2. Simplified RF Model used in GRASP to generate the calculated
results.
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Fig. 3. Left: schematic of the COWVR instrument mountedfmpedestal.
Right: picture of the NSI planar near-field rangettie 60’ chamber of the
JPL Mesa.

[ll.  RADIATION PATTERN MEASUREMENTSETUP

The performance of COWVR’s antenna, including the
Spinning Mechanism Assembly (SMA) and the top deck
assembly, was measured with the NSI planar nelariemge
facility in the 60 ft chamber of the JPL MESA AntenTest
Facility, shown in Fig. 3. The high gain of theemia under
test (> 40dB) motivated the choice of a planar seanBoth
the SMA and top deck assembly were mounted on agpeid
(see Fig. 4), with the main beam pointing perpaudicto
the scan plane, as shown in Fig. 3. The pedestlthea
capability of rotating the SMA, while the reflecteemains
fixed and accurately pointed at the scanner. Tldg, wne
can introduce the effect of the top deck rotatisouad
Nadir. Using this set-up, 3 positions of the togkd€90°,
120° and 180°) have been measured. The last positas
also measured with aluminum foil distributed on titye deck
as in Fig. 4(b) in order to simulate the present&olti-
Layer Insulation (MLI) thermal blankets. It is impant to

note that, in order to guarantee excellent accyraegh
position was correlated with metrology data to sssene
actual pointing of the instrument in the range nesfiee
system.

The motivation for carrying out this measurement
campaign was twofold. First, to verify the accuraxfythe
predictions made with the RF model described irtiGedI.
Second, we wanted to establish whether it was Iplestd
use the model rather than the measurements forrloih o
radiometer calibration. Such point had been vetifigth a
scaled model for the SMAP mission [5].

(b)

Fig. 4.(a) SMA and top deck assembly mounted on the paldesthe 60’
chamber of the JPL Mesa. (b) Detail of the top deckered with
aluminum foil to simulate the MLI thermal blankets.

IV. COMPARISONBETWEENMEASUREMENTS AND
PreEDICTIONSFROM THE RFMODEL

Next, we summarize the results obtained with the RF
model described in Section Il, and the measuremtats
correspond to the setup in Section Ill. Both sirtiates and
measurements were carried out for all three oriems and
frequency bands. However, we will only show thetqrats
obtained for the vertical polarization at the 180%ition and
33.9 GHz, given that the conclusions drawn for daise can
be extrapolated for all the other position-frequepairs.

Fig. 5 shows in light blue and light green the dated
co-polarized (Co-Pol) and cross-polarized (Cx-Pol)
components of the radiation patterns, respectively.
Conversely, the dark green and dark blue linesesgmt the
measured Co-Pol and Cx-Pol far-fields, respectivEhe red
and brown lines stand for the measured Co-Pol anéd@
far-fields, when the top deck is covered with alwam foil.
One can appreciate a remarkably good agreemehinviiite
line thickness, for all the Co-pol components atbuhe
main beam, both in the elevation, Fig. 5(a), anchath, Fig.
5(b), cuts. Only a slight difference can be ap@ted in side
lobes 40 dB below the peak. The agreement obtaimed
equally good for the Cx-Pol fields in azimuth, weas the
measured Cx-Pol in elevation is somewhat highen tha
predicted one. Nonetheless, the Cx-Pol level i 1stbre
than 30 dB lower than the maximum and within the
specifications. It is also important to note thdtliag the
aluminum foil has no effect in the measurements.



In the top row of Fig. 6, one can see Elevationiuth
color-maps of the measured Co-Pol and Cx-Pol flddi
(without the aluminum foil), while the bottom rol@ws the
simulated Co-Pol and Cx-Pol patterns. The yellogaarare
30 dB below the peak, and all the features in tleasuared
patterns are successfully reproduced by the RF Indale
addition, we have summarized in Table 1 the medsanel
computed directivities for the 180° position, at71&Hz,
23.8 GHz and 33.9 GHz and for both polarizationke T
measured H-Pol and V-Pol directivities are withiadB of
the calculated values.
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Fig. 5. Calculated and measured far-field radiation pastéon the vertical
polarization, and the 180 SMA position at 33.9 GK#: elevation cut and
(b) azimuth cut.

Finally, the accuracy of the pointing has been @aitad
as well. The complete set of results are not shbere,
however we have verified that pointing is alwayshim a
few milli-degrees of the calculated values in adiguency
bands. Only the higher band presents more vatialjlist a
few tens of milli-degrees) due to small mechanistability
during the measurements. The results in this sectmfirm
the high level of accuracy of the RF Models, whigens the

possibility of using calculated results for on omaidiometer
calibration.
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Fig. 6. Comparison between measured (top) and calculateito(h) 2D
radiation patterns in Elevation/Azimuth format &3 GHz for Co-Pol and
Cx-Pol horizontal polarizations.

Table 1.Measured and simulated directivities.

Frequency I\/!easyr_ed Cfilcul_aFed
Directivity Directivity
18.70 GHz 40.61 dB 40.56 dB
E 23.80 GHz 42.69 dB 42.67 dB
g 33.90 GHz 45.59 dB 45.50 dB
18.7 GHz 40.63 dB 40.55 dB
g 23.80 42.70 dB 42.66 dB
* 33.90 GHz 45.57 dB 45.55 dB

V. IMPROVEDRFMODEL

A larger RF model, shown in Fig. 7 has been deaslop
in order to assess the impact of solar panels yativlg into
the field of view of the reflector, once the instent is
mounted on the spacecraft. The structure has berhased
for a full rotation of the SMA in 20° steps, altlgiuonly two
different positions are shown in the top row of.Fgleft: 0°
and right: 120°. The middle row shows a 2D plottef Co-
Pol far-fields for the vertically polarized inputhereas the
bottom row shows the Cx-Pol far-fields. The simiolat
frequency for the plots in Fig. 8 is 33.9 GHz. Iheo
compares the plots in the middle and bottom rows, can
see that the Co-Pol side-lobes plots, and the Cx(iRo
yellow) rotate following the rotation of the SMA.
Nevertheless, such rotation can be appreciated &y
power levels that are 30 dB below the peak andttier



higher frequency. This effect disappears at 18.d 28.8
GHz.

Fig. 7. Improved GRASP model including the spacecraft bnd the
deployed solar panels.
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Fig. 8. Top row: GRASP model of the SMA on the spacecraft ith

solar panels deployed for the 0° (left) and 12@jh§) positions. Middle
row: Co-Pol far-fields for the 0° (left) and 120fght) positions, vertically
polarized pattern. Bottom row: X-Pol far-fields fire 0° (left) and 120°
(right) positions, vertically polarized pattern.

VI. CONCLUSIONS

The presented results confirm the high level ofueacy
already demonstrated by the latest RF Models. Qlyeva
have demonstrated a very good agreement over damgsy
dynamic range (60 dB). All features of the radiatfatterns
were predicted with extreme accuracy. Directivitigsre
measured to within 0.1 dB of predicted values. fujnalso
showed good agreement with predicted values, evaungh
there was a larger variability at the higher band tb small
mechanical instability in the measured data. Thatks
results like those presented in this paper, flgigjects can
now rely on RF models when measurements are too
expensive or too complex to perform.
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