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Abstract—A next-generation real-aperture spaceborne radiome-
ter system for high-quality ocean measurements is discussed. In-
stead of illuminating the antenna reflector by a classical feed array
of horn antennas in a one-feed-per-beam configuration, a multi-
feed-per-beam configuration is chosen. Each antenna beam is thus
created by adding the outputs from many small antenna elements
in the feed array, thus providing an antenna beam of unsurpassed
quality. This solves the classical polarization purity and land/sea
contamination issues. The concept requires many microwave re-
ceivers and fast analog-to-digital converters as well as fast digital
signal processing onboard the satellite. This is discussed, and re-
source budgets, especially concerning power, are provided.

Index Terms—Focal plane array (FPA), microwave, radiometer,
receiver.

I. INTRODUCTION

FUTURE generations of spaceborne microwave radiometer
missions, measuring the sea surface temperature (SST) and

the wind vector, will require a very good radiometric sensitivity
around 0.25 K for the full Stokes vector and at the same time a
good spatial resolution approaching 20 km at C- and X-bands
and 10 km at Ku-band [1], [2].

For a typical 800 km orbit and 53° incidence angle, the foot-
print (FP) requirement calls for reflector antennas with 5 m
aperture.

The performance requirements represent a significant im-
provement compared with existing spaceborne radiometer sys-
tems, such as AMSR-E [3] and WindSat [4]. They feature spatial
resolutions around 55, 35, and 20 km at C-, X-, and Ku-bands,
respectively, and the radiometric sensitivity provided by AMSR-
E is 0.3 K at C-band and 0.6 K at X- and Ku-bands, while for
WindSat it is around 0.7 K.
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Fig. 1. Schematic of the distance to coast issue.

An important requirement concerns the cross polarization of
the antenna. The radiometer shall measure brightness temper-
atures in two linear polarizations, vertical and horizontal, and
with an accuracy of 0.25 K. This requires that the cross-polar
power received from the Earth does not exceed 0.34% of the
total power coming from the Earth for that polarization state
[5]. This represents a severe antenna requirement, and it is diffi-
cult to design a reflector antenna with a traditional feed horn or
cluster of horns that fulfills this challenge. A focal plane array
(FPA) of densely spaced active antenna elements that is used as
feed can overcome these problems, as we shall see later.

Another very challenging requirement is that the instrument
must be able to measure ocean parameters correctly as close as
5–15 km from the coast. Assuming a brightness temperature of
the sea between 75 and 150 K for H and V polarizations, and
of the land 250 K, the required accuracy of 0.25 K is obtained
if the coastline is located outside a cone, around the main beam
and with angle θc , containing 99.7% of the total power on the
Earth [5]. In order to obtain a small distance to coast, this cone
must be as narrow as possible (see Fig. 1). The 5–15 km re-
quirement represents a major improvement as current systems
feature about 100 km distance to coast capability (the so-called
land/sea contamination issue). Meeting this requirement is
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Fig. 2. Schematic of scanning radiometer system.

practically impossible with a reflector and a traditional feed
horn, while an FPA as feed can do the job.

It should also be noted that minimizing the cone angle θc can
be viewed as minimizing the side lobes of the antenna radiation
pattern.

For all three frequency bands, the bandwidths are limited to a
few hundreds of megahertz, and hence, even the most optimistic
receiver noise properties cannot ensure the required radiometric
sensitivity when considering a single-beam scanning system.
For a scanner, as shown in Fig. 2, the only solution is to em-
ploy several independent antenna beams per frequency and to
improve sensitivity by integration of several FPs. This calls for
a host of feeds/beams and associated receivers—could be 10
or more beams at Ku-band. The scanner will typically cover a
swath of �1500 km.

II. ANALYSIS OF TYPICAL SCANNER

In the following, relations between the antenna aperture (D),
the FP, the integration time (τ ), the radiometric resolution (ΔT),
the antenna rotation rate (RPM), and the number of beams for
a typical scanner will be worked through. In addition to C-, X-,
and Ku-bands, L- and Ka-bands are also considered as they are
traditional and important frequency bands.

A. Instrument Specifications and Requirements

To make the deliberations more concrete the following real-
istic assumptions for a new, advanced mission are made:

1) altitude = 817 km;
2) incidence angle = 53 °;
3) swath = >1400 km;
4) TA = 150 K;
5) The FP is the intersection between a plane Earth surface

and the antenna beam at −3 dB level. The value for the
FP is the arithmetic mean of the FP along track (FPL) and
across track (FPS).

TABLE I
SPECIFICATIONS AND REQUIREMENTS

TABLE II
NOISE FIGURE AND NOISE TEMPERATURE

6) 30% FP overlap is required both across track and along
track to avoid aliasing in the sampling process.

7) Channel specifications and requirements are shown in
Table I.

The L-band channel is to be regarded as optional. Hence, it
cannot drive the design, especially concerning the antenna size.

B. Analysis of a Baseline Scanner

A conically scanning system is evaluated concerning the an-
tenna size, the spatial resolution, the radiometric resolution, the
coverage, and the antenna rotation rate assuming one single
antenna beam.

For this, the method, as described in [6], is used. A circular
antenna electrical aperture (D) and classical, circular feed horns
are assumed. During the Advanced Radiometer Study [2], care-
ful modeling confirmed that spatial resolution found this way
is realistic also when FPAs in the end are used. The scanning
antenna is rotating around a vertical axis, and the boresight di-
rection, where the FP centers will be located, traces out a circle
on the ground. The “useful” swath can be reasonably defined
by using ±60° of the potentially ±90° scan angle. Beyond 60°,
the increase in the effective swath is quite limited. Only for-
ward looking is assumed. This does not preclude utilizing both
fore-and-aft looking at later stages if the spacecraft layout per-
mits this. Calibration is assumed to take place while the scanner
looks away from the±60° swath. If fore-and-aft looking is used,
the ± 60° definition leaves enough time available for internal
calibration—or space available for external targets.

For the 817 km altitude and 53° incidence angle, the “useful”
swath becomes 1524 km.

In [6], assumptions about the receiver bandwidth and noise
figures are made in order to carry out a general discussion. Here,
actual bandwidths and current estimates of state-of-the-art noise
performances are used. State-of-the-art total power receivers
are assumed. Table II shows receiver noise issues assuming a
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TABLE III
C-BAND FP, ANTENNA ROTATION RATE (RPM), AND

RADIOMETRIC RESOLUTION (ΔT)

classical receiver design with a low-noise pre-amplifier pre-
ceded by a calibration switch.

Low-loss antenna feed elements are assumed, with the very
small (MMIC) receivers mounted directly on the feed element
ports.

The antenna is assumed to look at a calm sea surface at V po-
larization. Hence, the brightness temperatures can be calculated
using the method by Klein & Swift [7]. However, for simplic-
ity, just one common value TA = 150 K is used here for all
frequencies.

C-band is an important channel for an ocean mission, so
we will start with that frequency. Results for a scanner having
antenna apertures in the range 3–7 m are shown in Table III.

It is seen that a 5-m aperture leads to elongated FPs (15 by 25
km) with an arithmetic mean equal to the required 20 km. So,
the antenna size is now fixed to a 5 m aperture.

ΔT will be around 0.21 K, and the antenna will rotate with
22.6 RPM. The radiometric sensitivity is not satisfactory, and
the rotation rate will, for mechanical and momentum compen-
sation reasons, be very challenging for such a large reflector. We
can implement several beams along track in order to lower the
antenna rotation rate. Lower rotation rate leads to longer integra-
tion time and, hence, better sensitivity. Two beams along track
and 2 associated receiver systems will improve the sensitivity by
sqrt. 2, resulting in ΔT = 0.15 K, and reduce the rotation rate to
11.3 RPM. For comparison, NASA’s Soil Moisture Active Pas-
sive (SMAP) instrument [8] with its 6 m mesh antenna rotates
with 15 RPM, so this is deemed satisfactory from a mechanical
point of view. Also, the radiometric resolution is now within
requirements.

The contents of Table III for C-band can be worked out for
all other frequencies. This has been done, but all tables are not
shown here—only relevant results are quoted.

An X-band channel will have an FP of 13 km, ΔT = 0.71 K,
and 35 RPM rotation rate.

In order to fit the antenna rotation already determined by C-
band issues, we must have three beams along track, resulting
in ΔT = 0.41 K. This is not satisfactory, so we must add extra
beams across track. If we, for all three beams along track, add an
additional across track beam, i.e., six beams in total, we achieve
a ΔT = 0.29 K, which is compliant with the requirements.

The FP is seen to become slightly smaller than required,
which is probably quite acceptable.

The Ku-band channel will have an FP of 7.4 km, ΔT =
1.04 K, and 61 RPM rotation. Again the FP is slightly smaller
than required.

Five beams along track will ensure almost correct coverage
and result in ΔT = 0.47 K. Strictly speaking, five beams cannot
cover the ground with the required 30% FP overlap but will pro-
vide 25% overlap. This is most probably acceptable, bearing in
mind the cost of having one extra along-track beam. Additional
beams across track are needed to achieve the required ΔT. An-
other row of beams, i.e., 5 × 2 = 10 beams, will result in ΔT =
0.33 K, which is probably acceptable.

The Ka-band channel will have an FP of 3.8 km, ΔT = 1.88 K,
and 119 RPM rotation.

We need 10 beams along track for the correct coverage, and
this will result in ΔT = 0.59 K. The radiometric resolution
is still far from acceptable, and one additional row of beams
leads to ΔT = 0.42 K, which is still not satisfactory. If we add
yet another row of beams, i.e., 10 × 3 beams, we achieve the
required ΔT = 0.3 K—indeed an ambitious option.

If we under-illuminate the reflector to achieve the required
FP = 5 km we calculate properties as found using a 3.8 m
aperture: 5 km FP, ΔT = 1.43 K, 90 RPM. Now, we need eight
beams along track, and will thus achieve ΔT = 0.51 K. One
extra row of beams, i.e., 8 × 2 beams will provide ΔT = 0.36
K, which is probably acceptable.

The L-band channel will, using the 5 m aperture, have an FP
of 99 km, which will have to be accepted for this secondary
channel. The radiometric resolution will be ΔT = 0.15 K, so
only one beam provides a satisfactory result.

C. Conclusion

In summary, the baseline option fulfilling requirements calls
for a 5-m aperture and:

1) 1 beam @ L-band, ΔT = 0.15 K;
2) 2 beams along track @ C-band, ΔT = 0.15 K;
3) 3 beams along track, 2 beams across track (6 beams) @

X-band, ΔT = 0.29 K;
4) 5 beams along track, 2 beams across track (10 beams) @

Ku-band, ΔT = 0.33 K;
5) 8 beams along track, 2 beams across track (16 beams) @

Ka-band, ΔT = 0.36 K;
6) 11.3 RPM antenna rotation rate;
7) fore or aft look;
8) swath (using ±60° scan): 1524 km.
If we use the full-resolution potential of the 5-m aperture at

Ka-band, we must use:
1) 10 beams along track, 3 beams across track (30 beams) @

Ka-band, ΔT = 0.30 K

III. FROM TRADITIONAL FEED HORN TO FPA

Many beams make it impractical to consider traditional feed
horns due to congestion in the feed area. The cross-polarization
purity requirement and the distance-to-coast requirement (see
Section I) translate into the need for a very fine antenna beam
with low side-lobes and high beam efficiency—very difficult to
achieve with a traditional feed horn [5].

Instead, a dense array of a large number of smaller an-
tenna elements can be used, and by summing the outputs from
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Fig. 3. From traditional horn to dense array system.

clusters of those, adjusted properly in phase and amplitude,
beams having the desired properties can be generated.

This dense array approach has been successfully implemented
in several designs of high-sensitivity receivers for radio astron-
omy [9], and this work was partly inspired by these designs.
Fig. 3 illustrates the concept: to the left is shown a traditional
setup where one antenna horn is connected to a radiometer re-
ceiver. When several beams are needed, individual horns may
be connected to equally many receivers, as shown top right, but
this may lead to congestion in the horn area. Bottom right shows
the system in which 4 beams are created from 10 small elements
(∗) and connected to 4 receivers. Also, it shows how the signal
from one element contributes to more than one beam.

Generally, many elements are needed—it could be 30 H-
polarized and 30 V-polarized elements—to build one beam.
As already stated, the outputs of the elements are summed,
properly adjusted in amplitude and phase, to make a beam.
The V-polarized beam primarily consists of contributions from
the V-polarized elements, but small contributions from the H-
polarized elements are added to obtain a final beam with very
low cross polarization. Also, this method of creating the beam
by contributions from many small elements enables an almost
perfect beam with very low side-lobes. This may pave the way
for accurate ocean measurements very close to coastlines (and
sea ice). Finally, it is noticeable that it is possible to make more
than one beam using the same elements. Two beams are thus
readily possible. Several beams require more elements in the
FPA, but the number of elements does not increase proportion-
ally with the number of beams, as it does when using traditional
feed horns.

In Section IV, a system is discussed where 2 beams at
L-band require 32 dual-polarized elements, and 2 beams at C-
band can also be achieved using slightly more than 30 dual-
polarized elements. In [2] and [10], systems having up to 30
beams are discussed. Thirty beams typically require 140–160
dual-polarized elements. More details can be found in [5].

IV. DESIGN EXAMPLE: A NEW C-& L-BAND SYSTEM

WITH FPA FEED

The issues discussed earlier, as well as the consequences for
receiver design and resource demands, will be evaluated by

TABLE IV
INSTRUMENT SPECIFICATIONS

means of a design example based on the TWIST instrument
originally proposed as a candidate for ESA’s Earth Explorer
9, and on the ongoing work on a next-generation large scan-
ning system named Copernicus Imaging Microwave Radiometer
(CIMR) [11]. The baseline requirements for the instrument are
measurements of brightness temperatures at frequencies near
7 GHz with a radiometric resolution around 0.2 K and with a
spatial resolution on ground around 20 km. In addition, mea-
surements using the same antenna aperture at 1.4 GHz with a
radiometric resolution around 0.10 K are required. A maximum
antenna rotation rate of 12 RPM is required. An altitude of
817 km and an incidence angle of 53°on ground are assumed.
A summary of the specifications for the instrument, as provided
by the costumer/funding agency, is shown in Table IV.

A. Radiometric Resolution

A conically scanning system is evaluated concerning the an-
tenna size, spatial resolution, radiometric resolution, coverage,
and antenna rotation rate, just as described in Section II.

The bandwidth at C-band is 300 MHz, and the noise figure
is 1.4 dB corresponding to TN = 110 K. The parameters at
L-band are 19 MHz and 76 K.

The antenna beam is assumed to look at a calm sea surface
at V polarization. Hence, the brightness temperatures can be
calculated using Klein & Swift, resulting in TA = 155 K at C-
band and 145 K at L-band. Thus, the system noise is TSYS =
TA + TN = 265 K at C-band and 221 K at L-band.

The result for the instrument is that a 5-m aperture leads to
the required 20 km FP at C-band. A 5-m aperture leads to a
99 km FP at L-band.

The C-band channel will have ΔT around 0.21 K for the
normal channels and 0.30 K for Stokes 3 and 4, and the antenna
will rotate with 22.6 RPM. Neither the radiometric sensitivity
nor the rotation rate is acceptable. Two beams along track and
2 associated receiver systems will result in ΔT = 0.15 K and
11.3 RPM rotation. The third and the fourth Stokes parameters
will have ΔT = 0.21 K.

The L-band channel will have an FP of 99 km, and a ΔT =
0.14 K. The specifications call for 0.10 K. As already explained,
we can implement several beams along track and achieve better
sensitivity. We can also implement several beams across track
such that a point on ground is measured several times with
a short time interval. Integrating over these independent mea-
surements results in better sensitivity. Two simultaneous beams
across track and the associated receiver systems yield ΔT =
0.10 K. However, there is a cost issue: more beams typically
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Fig. 4. FPA receiver system.

means more antenna feed horns and more receivers. Thus, there
will be a discussion between engineering, customer, and user
community. In some cases, requirements are relaxed and the
one-beam solution accepted in order to reduce cost. Here, this
is not an issue since we use an FPA, and two beams are readily
provided without extra feed elements or receivers.

It should be noted that the earlier discussion assumes that the
instrument only have one look toward the ground: fore or aft. In
this polarimetric system, we cannot consider the possibility to
integrate fore and aft looks in order to improve ΔT by sqrt. 2.
Thus, we must stick to one look: fore or aft.

It must also be noted that more beams along track might
be a favorable option even if not required due to radiometric
resolution: it leads to lower antenna rotation rate, which can be
a very important issue for the mechanical system design and
cost.

In summary, the baseline option adequately fulfilling require-
ments calls for:

1) 2 beams along track @ 6.9 GHz, ΔT = 0.15 K;
2) 2 beam @ 1.4 GHz, ΔT = 0.10 K;
3) 11.3 RPM;
4) fore or aft look.

B. FPA/Beams/RX Issues

The receiver system configuration and resource demands—
especially concerning power consumption—are discussed and
evaluated in the following, using existing state-of-the-art com-
ponents. These are important issues in the present context: it is
of little practical interest that excellent beam performance can
be achieved if the receiving system becomes impractical and
very power consuming.

The antenna is based on a feed system where a dense array of a
large number of small antenna elements is used, and by summing
the outputs from clusters of those elements, adjusted properly in
phase and amplitude, the individual beams are generated. Fig. 4
(left) illustrates in a classical way the concept, where signals
from different elements (∗) are added and fed into a receiver
to create one beam. Each element contributes to more than one
beam.

However, it is impossible to apply power splitters and com-
bining network directly after the elements from a noise point of
view, so each element must be connected to its own receiver, fol-
lowed by A/D conversion [see Fig. 4 (right)]. The beam forming
then takes place in a Field-Programmable Gate Array (FPGA),
using complex digital multipliers and adders.

Fig. 5. Vivaldi array and patch-excited cup antenna element (top) and layout
of the antenna arrays in the reflector focal plane (bottom). The focal field
distribution, when −30 dB tapered plane waves are incident on the reflector
from directions of the beams, is shown as background image.

For the present design example, a 4× 8 + 5× 7 = 67 element
Vivaldi antenna array was chosen for C-band and a breadboard
was designed and built in order to investigate modeling of a
broad-bandwidth antenna element [12] (see Fig. 5). For L-bands,
an existing dual-polarized and space-proven patch/cup antenna
element was chosen [13]. Fig. 5 (bottom) also shows how the 32
dual-polarized L-band elements can be fitted around the Vivaldi
array.

The design of the L-band and C-band arrays consists of two
steps: 1) determining the maximum acceptable distance between
antenna elements for the proper focal field sampling; and 2)
finding the focal plane area which should be filled with the
antenna elements, which determines size of the array.

According to the Nyquist sampling criteria, the distance be-
tween the antenna elements d should be less than half wave-
lengths of the focal field distribution. However, a slight increase
of d may lead to acceptable radiometric performance degrada-
tion. This issue was studied in detail in [14], and it was con-
cluded that the element separation of 0.7–0.75λ is sufficient
from the radiometric performance point of view but will lead to
significant reduction of the antenna elements in the array.

The element separation d = 0.67λ @ 6.9 GHz was chosen
from the feeding (reflection coefficient) perspective of the Vi-
valdi elements at C-band, and the physical size of the patch
antennas at L-band (140 mm ⇔ d � 0.66λ @ 1.4 GHz).
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TABLE V
SIMULATED RADIOMETRIC CHARACTERISTICS

a The beam efficiency is defined here at −20 dB level.

Fig. 6. C-band FPA makes two beams with suitable overlap.

The number of elements and the layout of the arrays are de-
termined by the focal field amplitude distribution when tapered
plane waves are incident on the reflector from the directions
of all desired beams (see Fig. 5). The antenna elements should
cover an area with the field amplitude down to –20, . . . , –30
dB, from its maximum. The taper of the plane waves is selected
to be –30 dB at the reflector edge, which leads to a good first-
order approximation of the actual focal field distribution when
the arrays are excited with the optimal weight coefficients. For
more information on the radiometer performance when Conju-
gate Field Matching beamformer is used with different taper of
the incident plane wave, refer to [15].

Once the array layout is fixed, the resulting beam can be
formed using an optimization process that determines the ele-
ments excitation amplitudes and phases. In this study, we used
the beamforming algorithm described in [16], which is based on
the conventional maximum signal-to-noise ratio beamformer.
Another beamforming algorithm [5] gives very similar radio-
metric performance. In the present case, the performance fulfills
all the requirements (see Table V).

Fig. 6 illustrates the performance of one C-band beam (in
color code), including a lineout of the −3 dB FP. A second
along-track beam is also shown using a lineout of its −3 dB
FP. A suitable overlap of 30% has been used in order to ensure
proper sampling of the brightness temperature scenario. The
requirements state a max. 0.34% cross-polarization contamina-
tion. Analysis of these beams shows that we can achieve 0.15%

Fig. 7. C-band receiver.

corresponding to a 0.1 K error, as well as 99.7% of the power
within a cone angle of 0.8° such that the 15 km distance to coast
requirement is fulfilled [17].

C. Calibration Issues

It is of little interest to design a radiometer system with a
fancy antenna system if it is difficult to calibrate. Traditionally,
scanners are calibrated while the antenna beam looks away from
the swath: a mirror diverts the beam toward free space on one
side, and the feeds are covered by a microwave load on the other
side (see [6]). In the present design example, this method is still
feasible at C-band, but looking at Fig. 5, it seems like the L-band
system is so large that this will be a challenge.

However, calibration can also be done satisfactorily inter-
nally by using matched loads, noise injection signals, and active
cold loads (ACLs). SMOS, which is a salinity mission with
very stringent calibration requirements, relies on such internal
calibration (no ACLs) being done frequently and supported by
observation of the sky from time to time to fix the absolute level
(see [18]). Internal calibration is assumed in the current design
example.

D. Receiver Design and Power Consumption

Receivers can be designed using the direct or the super-
heterodyne method. The direct layout can, in principle, serve
L- and C-bands using advanced but present-day A/D converter
technology. But fast converters require much power. The super-
heterodyne layout means more analog components, especially
including a mixer and a local oscillator (LO), but a suitable IF
frequency relaxes the A/D converter demands.

Fig. 7 illustrates a straightforward implementation of a re-
ceiver system able to handle the C-band. The L-band receiver
has the same layout.

The input switch can select a noise signal (ND), common to
all receivers. This signal is primarily to validate the coherence
between channels but can also be used for calibration. Hot or
cold calibration points (a matched load and an ACL) can also
be selected by the switch. The switch must be of low loss. A
low-noise amplifier without too much gain (enough to overcome
subsequent filter loss, but limited in order not to saturate due to
RFI signals in the broad input band) supplies the filters and the
mixer generating the IF signal suitable for A/D conversion.

The following component types have been addressed: switch;
low-noise amplifier; mixer; LO; IF amplifier; and especially A/D
converter. No specific research has been carried out for space
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qualified components, or fancy new laboratory developments—
just small, low-noise commercial components.

Relevant components are listed as follows:
1) Input switch (MA4AGSW4): L- through Ka-bands, 0.4–

1.0 dB loss, very little power;
2) Mixer: powered by LO;
3) Oscillator: 300 mW;
4) IF amplifier: GALI-S66, 20 dB gain, 60 mW power;
5) C-band amplifier: CGY2120, 0.6 dB NF, 13 dB gain, 50

mW power;
6) L-band amplifier: MAAL-011078, 0.4 dB NF, 24 dB gain,

90 mW power.
The gains of these amplifiers are such that the C-band receiver

needs 4 RF amps and 2 IF amps in series, and the L-band receiver
needs 2 RF amps plus 3 IF amps in series. In addition, each
receiver needs 1 RF amp used as ACL.

All the components considered here are small chip-like units
well suited for very compact monolithic microwave integrated
circuit (MMIC) designs. Thus, bulk and weight is no issue.

A realistic power budget for one C-band receiver can now be
established, and the result is 370 mW per receiver. Our system
has 67 C-band receivers, so the total power for the C-band
receivers is 25 W.

The L-band receiver is treated the same way, and a realistic
power budget for one L-band receiver is 450 mW. Our sys-
tem has 64 L-band receivers, so the total power for the L-band
receivers is 29 W.

Concerning the LO system, we need 10 mW per mixer. We
have 67 + 64 = 131 mixers, i.e., 0.01× 131 = 1.3 W. The signals
for the mixers are generated in two oscillators, each 300 mW,
followed by amplification. Assuming an amplifier efficiency of
50%, the total power for the LO circuitry is 3 W.

The noise injection calibration circuitry contributes by an
insignificant amount.

The beamforming network is based on the powerful Zynq
UltraScale+ RFSoC FPGA that includes 16 each 2 GSPS 12-bit
A/D converters. Analog bandwidth is 4 GHz, and the estimated
power consumption is �20 W.

Since there are 16 A/D converters in one FPGA, it would
be very attractive if 64 C-band receivers could do the job ade-
quately. The performance of the system has been re-evaluated
omitting the 4 corner elements in the FPA, and by proper tuning,
indeed practically the same performance can be achieved (the
corner elements already had a very low weighting).

Thus, the C-band system at first glance requires 4 FPGAs
each consuming about 20 W.

However, this is far from using the full potential of the FPGA
and the potential of its A/D converters. First, investigations have
shown that FPGA is very large compared with the requirements
of the VHDL code performing the beam forming. Second, the
receiver bandwidth is only 300 MHz while the A/D converters
can operate with 2 GSPS. We have receivers for H and V po-
larizations. The LO frequency for the H channel can be set to
6.675 GHz and the LO for V to 6.275 GHz. The two IF outputs
are added and fed into one A/D converter. Frequencies are 100–
400 and 500–800 MHz. Later in the system, the two channels
are separated again digitally. A sampling frequency of 1.7 GHz

is assumed. Thus, the C-band system requires only two FPGAs,
each consuming about 20 W; so the total power for the C-band
A/D conversion and beam forming circuitry is 40 W.

L-bands, having much lower bandwidths, can easily be treated
the same way, but still two FPGAs are deemed necessary in order
to handle the beamforming properly. Thus, the total power for
the L-band A/D conversion and beam forming circuitry is 40 W.

Thus, the current estimate for the power consumption of the
receivers, LOs, calibration, and beamforming, is 137 W.

This power consumption is more than typically experienced
for a traditional radiometer system but much less than seen for
many other remote sensing systems such as radar systems. Thus,
it is considered acceptable, and a system could be designed and
built for installation in a typical spacecraft platform.

V. SUMMARY

A spaceborne imaging microwave radiometer system, having
a hitherto unseen performance, has been designed and evalu-
ated, and it is a candidate for a next-generation ocean mission.
The instrument focuses on C-band, which is important for the
SST, wind vector measurements, and sea ice parameters. The
instrument is designed to fly behind MetOpSG, and the Mi-
crowave Imager will thus provide the necessary data at higher
frequencies. This means that we can use a large mesh reflector
antenna that can be folded for launch (similar to SMAP). The
baseline design uses a 5-m aperture providing a 20 km −3 dB
FP on the ocean surface.

The instrument is augmented by an L-band channel, thus pro-
viding sea surface salinity (SSS) and thin sea ice measurements
at 100 km −3 dB FP.

Land/sea contamination (and sea-ice/sea contamination) has
been a challenge ever since the start of microwave radiometry
from space. The problem is the large brightness temperature
contrast when passing over the coast (or ice) line in combination
with realistic antenna patterns. No matter how well you design
the feed horn, it is just not good enough when considering this
issue. The problem can be solved by using an FPA as feed: many
small feed elements (around 30 per polarization) illuminate the
reflector, and by properly adding the output of each element
in amplitude and phase, an almost perfect antenna beam can
be generated. The challenge is that where a traditional system
would have a single radiometer receiver per polarization, the
FPA-based system will, for each polarization, have 30 receivers,
30 fast A/D converters (the full RF bandwidth must be digitized),
as well as significant and fast digital processing hardware—all
onboard and in real time. However, we note that technology has
developed such that this is now realistic.

Radiometric sensitivity also becomes an issue in high-spatial
resolution, wide-swath imagers. By using two simultaneous
beams at each frequency and the latest technology, ΔT = 0.2 K
can be achieved at C-band and 0.10 K at L-band.

We note that the FPA can produce two beams without any
resource costs.

The new instrument, having a 5-m antenna rotating with
12 RPM, will from an 817-km orbit measure a 1524 km swath at
53° incidence angle, thus providing a frequent coverage of the
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Earth (especially in ice-infested Arctic regions). The C-band
channel at 6.9 GHz will measure all four Stokes parameters
with ΔT = 0.15 K (0.21 K for Stokes 3 and 4) and will provide
meaningful measurements of the ocean as close to coast (and
sea ice) as 15–20 km. This is substantially better than anything
seen hitherto! Also, cross-polarization issues are handled by the
FPA concept, and the instrument will provide unsurpassed V-
and H-polarization purity.

Using off-the-shelf commercial low-power components, the
power consumption for the basic receiver and processing units
is calculated to 137 W.

The instrument will provide unique all-weather SST globally,
also in cloudy areas like near equator and far north/south, as well
as wind vectors under severe weather conditions. The measure-
ments will have excellent quality even very close to coasts and
sea ice edges.
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