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ABSTRACT The Arctic Weather Satellite (AWS) is a prototype mission for an operational constellation
of microwave sounders, complimenting existing meteorological sounders. The AWS is a microsatellite
with a single cross-track scanning radiometer operating in the 54, 89, 183 and 325 GHz bands. Due to the
small platform size, the core design focus of the radiometer’s quasi-optics is less complexity and a more
compact setup than comparable spaceborne microwave sounders. To achieve this, the instrument utilises
a splitblock feedarray which directly illuminates the off-axis parabolic scanning reflector. A secondary
parabolic reflector is used to couple into a wedge-shaped load which is used for calibration in combination
with cold sky measurements. The main challenge for instrument performance is that only one of the four
horns can be located in the focus of the scanning reflector. Consequently, scan angle dependent spillover
variations and beam asymmetries can occur. This paper details the simulation and optimisation efforts of
the quasi-optics to minimise the aforementioned effects.

INDEX TERMS Antennas, millimeter-wave (mm-wave), satellite, splitblock, quasi-optics.

I. MISSION BACKGROUND

MICROWAVE sounders are the most impactful con-
tributors to numerical weather prediction (NWP) [1].

Typically, operational microwave sounders are launched as
part of a collection of meteorological instruments on a large
satellite platform which restricts both the number of sounders
operating concurrently and the rate at which they are replaced
due to the slow and costly nature of such major missions.
However, there is a need for more frequent measurements
in the microwave frequency range, specifically in the 50, 89
and 183 GHz bands [2]. While geostationary satellites offer
continuous (but not global) measurements, they are limited
in their resolution which is an important driver for NWP
due to the height of the orbit and cannot view the high lati-
tudes. Sun-synchronous orbits (SSO) are used by the major
meteorological missions to benefit from increased resolution
(from being in low earth orbit) and coverage for the high
latitudes, as well as the rest of the globe. The European
Organisation for the Exploitation of Meteorological Satellites
(EUMETSAT) is in the early phase of a microsat constel-
lation program called EPS-Sterna which would be used for

operational forecasting in combination with existing mete-
orological programmes. The constellation would improve
global NWP accuracy and provide nowcasting [3] capabili-
ties in the arctic region with very short revisit times in the
high latitudes, as well as support global efforts on climate
change monitoring. The Arctic Weather Satellite (AWS) is
the baseline satellite for this constellation.

A. EXISTING CROSS-TRACK MICROWAVE SOUNDERS
EUMETSAT operates the European meteorological satellites
(MetOp) in SSO used for operational forecasting and NWP.
The MetOp program is about to be upgraded with a new fleet
of satellites under the MetOp-second generation (MetOP-
SG) mission. The operational atmospheric sounder for the
MetOp-SG mission is the Microwave Sounder (MWS) instru-
ment which is a cross-track scanning radiometer covering
5 bands (24, 50, 89, 164-183 and 229 GHz) with a total
of 24 channels [4]. The MWS design is driven by a very
stringent beam co-alignment requirement, which allows for
easy comparison of the different bands and/or combined data
products. This is achieved by overlaying individual beams
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onto a single flat scan mirror using a sequence of dichroic
plates, polarising grids and mirrors [5]. Dichroic plates are
needed as some bands are measured in both polarisations
using a separate feedhorn for each polarisation. While the
data products are more easily extracted with this setup, it
results in a large and complex quasi-optical setup. For the
MWS this is acceptable since it is mounted on a large satel-
lite platform (MetOP-SG Sat-A) as part of an operational
suite of 8 instruments. Only one Sat-A will be in use at a
time, resulting in relatively long revisit times.
The main American operational microwave radiometer is

the Advanced Technology Microwave Sounder (ATMS). Like
MWS, it is a cross-track radiometer operating in similar
frequency bands (30, 50, 89, 164-183 GHz). However, the
ATMS design is more compact compared to the MWS, par-
tially due to lacking the 229 GHz band, but there are some
key differences in the quasi-optical design as well. Instead
of overlaying all beams, ATMS splits its bands into two
sets each with their own flat scanning mirror [6]. The two
scanning mirrors are driven by the same motor, ensuring
synchronicity. Each scanning mirror then couples into their
respective stationary parabolic mirror. After the parabolic
mirror the two bands of the set are separated using a polar-
ising grid, which is less lossy than a dichroic plate but limits
the bands to a single polarisation. The advantage of not com-
bining all the beams is a reduced volume compared to MWS.
ATMS is part of the payload of two satellites: NOAA-20
and Suomi NPP with a third (NOAA-21) recently launched.
NOAA-20 and Suomi NPP share the same SSO but are 180
degrees phase shifted, which results in better revisit times
than MetOP-SG.
The Time-Resolved Observations of Precipitation struc-

ture and storm Intensity with a Constellation of Smallsats
mission (TROPICS) from NASA is using similar bands, but
mounts the radiometer on six dedicated cubesats in three
LEO planes. The baseline median revisit time is 60 min-
utes in the tropics, which is needed to observe the rapidly
changing cyclones occurring in this region. The TROPICS
radiometer covers 4 bands (90, 118, 183, 205 GHz) with a
total of 12 channels [7]. TROPICS uses very compact optics
that fit in a 1U cube. By using a wideband feedhorn for the
90 and 118 GHz bands with a second feedhorn for 183 and
205 GHz bands and co-aligning them using a polarising grid,
the volume of the optics is further reduced than for ATMS.
Additional space saving is achieved by using a single static
parabolic reflector and rotating the entire cube housing the
optics. However, this severe size restriction limits TROPICS
in both frequency (lower frequency horns are too big) and
in available bands (1U could not accommodate more feed-
horns). Unlike the previous two missions, TROPICS is a
science based mission and not being used operationally for
meterological forecasts [7].
The key driver for the quasi-optical design of ATMS,

MWS and TROPICS is the beam alignment. Combined data
products and other comparisons require measurements of
the same location. Consequently, one solution is to build

FIGURE 1. Picture of AWS radiometer prototype at AAC Omnisys.

large and intricate quasi-optics (MWS), or limit the amount
of bands (TROPICS) or a compromise between the two
(ATMS). The new Arctic Weather Satellite (AWS) mission
is using a different approach to this design trade-off.

B. THE ARCTIC WEATHER SATELLITE MISSION
The AWS is a prototype for a future constellation for
EUMETSAT called EPS-Sterna. The constellation consists
six satellites on two SSO planes with a revisit time in the high
latitudes of 60 minutes or less. Each satellite carries the same
instrument: A cross-track scanning microwave radiometer
covering the 50, 90, 165-183 and 325 GHz bands [8]. These
four bands are split into a total of 19 channels (8, 1, 6, 4
channels from lowest to highest frequency band) which are
used to extract temperature and water vapour profiles, as well
as cloud liquid water content and precipitation. Including
the 325 GHz band is a distinguishing addition to the AWS
radiometer over the other operational radiometers. The AWS
mission is intended to be a fully operational constellation
used for regular forecasting and nowcasting in the arctic
region and will be the first of its kind. The AWS radiome-
ter, built by AAC Omnisys, covers its four bands (54, 89,
183, 325 GHz) with a feedhorn for each band. Due to the
large number of satellites required, the AWS radiometer
cannot be of the same size and complexity as the MWS,
as costs would be prohibitive. Nevertheless, the radiome-
ter performance should be similar to MWS levels to be
useful operationally. Instead of overlaying the beams using
dichroics or polarising grids, the feedhorns are arranged
adjacent to each other in a feedcluster, directly illuminating
the primary reflector (Fig. 1, 2). This significantly shortens
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the path length and compacts the quasi-optics. The primary
reflector is an off-axis parabolic reflector and rotates con-
tinuously to facilitate the scanning as well as calibration
measurements. A secondary static reflector is located 180◦
from the nadir view Fig. 3. The calibration reflector cov-
ers a scanning range of 10◦ with a super-elliptical rim to
provide sufficient measurements of the on-board calibration
target (OBCT) which is positioned underneath the calibra-
tion reflector, nested inside the instrument to protect it from
a direct spaceview. The OBCT consists of a wedge shaped
epoxy based absorber cast on aluminium backing plates and
is used as the “hot” calibration point. Cold sky measure-
ments are used for the cold calibration point. Since the
feedhorns are not co-aligned on the focal axis of the reflec-
tor, they introduce asymmetries and other imperfections in
several aspects of the quasi-optical design, which will limit
its performance compared to other solutions (e.g., MWS).
Furthermore, the beams diverge on the ground track and
measurements taken at a given moment will not be of the
same location for each band. Consequently, each measure-
ment needs to be geolocated individually so data products
can be produced. Measurements will be separated in time
by up to a couple of seconds, but this is not a concern
as the timescales of relevant meteorological processes are
much larger. For accurate geolocation and consideration of
the aforementioned effects, the quasi-optics are modelled in
detail so they can be accounted for in software to improve
the performance of the AWS. This paper summarises the
efforts of simulating and optimising the AWS quasi-optical
setup, using the CHAMP and GRASP software packages
from TICRA. Only the lowest, highest and middle channel
for each band were simulated. For the 89 GHz band (single
channel) the upper and lower bandlimits were simulated.

II. FEEDCLUSTER DESIGN
While corrugated horns are widely used for microwave
radiometers, their manufacturing is costly and complex.
Circularly symmetrical horn designs in a splitblock design
were chosen, which are simpler and faster to manufac-
turer [9]. The splitblock consists of three metal blocks, which
are stacked on top of each other to form four feedhorn cavi-
ties. The plane where the faces of two blocks meet is called
the splitplane and must contain the axis of symmetry for
any horn it intersects, as the splitblock also contains the
waveguide transition and a rectangular waveguide bend to
interface with the receivers (Fig. 5). The splitplane must be
located in the E-plane of the waveguide to minimise losses.
However, this restricts the degrees of freedom for the horns
in the splitblock, as the aperture face has to be perpendicular
to the splitplane to guarantee the correct intersection.

A. FEEDHORNS
The primary design concern for the feedhorns is the trade-off
between aperture size (and thus offset to the focal axis) and
directivity needed for the required footprint size. Secondly,
since all horns share an aperture plane, the respective phase

FIGURE 2. Overview of optical elements of the AWS radiometer. Scan plane and
nadir direction indicated by white ellipse and arrow.

FIGURE 3. Scanning angle breakdown. Earth view in brown, cold sky in blue and
calibration reflector in red.

centers should be as close to each other as possible to prevent
degraded performance of individual feedhorns. Finally the
horn designs are optimised to achieve a high Gaussian cou-
pling efficiency (95.5% and higher). Smooth walled spline
horn profiles provided by Omnisys AAC were imported
into CHAMP and simulated. The resulting beam patterns,
which were consequently used in the GRASP simulations,
are shown in Fig. 4.

B. FEEDCLUSTER OPTIMISATION IN FOCAL PLANE
The precise packing of the feedcluster is nevertheless chal-
lenging. The final beamshape symmetry leaving the primary
reflector is dictated by the distance of the horn from the
focal point of the mirror in the focal plane. It is important
to keep in mind that instead of absolute distance, the sep-
aration should be measured in wavelength of the respective
horn, as this dictates the extent of beam distortion.
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FIGURE 4. Antenna pattern of final feedhorns in E- and H-plane generated using
CHAMP.

Additionally, the effect of the beam distortion depends
on the beamshape of the horn, so not all horns will be
affected equally. Initially the use of iterative algorithms was
considered to determine the optimal packing, but this was
ultimately rejected as there was a lack of means to accu-
rately quantify one horns relative importance over another.
Furthermore, the packing problem is compounded by the fact
that two feedhorns need to share a splitplane through their
midpoint while they cannot extend through the splitplane
of the other two feedhorns. Furthermore, the option to tilt
the individual horns so they point towards the reflector was
considered. This did not improve beamshape for any band,
although it did reduce the spillover for the 54 GHz band
by 1%. However, this spillover improvement was limited to
54 GHz and came at a cost of more divergent beam pointing.
Given the added complication for the configuration of the
splitplanes in the splitblock and the subsequent impact on
receiver interfaces with the splitblock, tilting the feedhorns
was disregarded.
Fig. 5 shows the final feedcluster packing which was used.

Having decided on a packing configuration, the next step
was to decide where the focal point of the reflector should
be located in the aperture plane of the feedcluster. As the
183 GHz horn performance was deemed most critical the
initial position of the focal point was close to its center.
This position put the 54 GHz horn at the furthest wavelength
number away from the focal point.
By sweeping the focal point along a straight line between

the two horns centers the trade-off in performance between
the 54 GHz and 183 GHz horns can be quantified. Only
points on this line were considered, since it was the solution
that affected the performance of the other two horns the
least. Fig. 6, showing the peak gain for each horn in the
farfield of the primary reflector, demonstrates the effect well.
Peak gain for the 183 GHz beam decreases steadily as the
focus is moved further away from it, whereas the 54 GHz
beam increases as the focal point is moving closer to it,
but the decline in 183 GHz is larger than the gain for the

FIGURE 5. Plot of feedcluster and focal point sweep Positions. Waveguide sketch
not to scale.

FIGURE 6. Peak gain in mid band in the farfield of the primary reflector as a function
of focal point position.

54 GHz band. Both 89 and 325 GHz horns show a maximum
gain value at the focal point which corresponds to minimum
separation to the focal point. Since the gain is directly linked
to the full-width half maximum (FWHM) of the beam, which
in turn is specified in the radiometer’s requirements, large
variations are not acceptable.
Lastly, the circularity of each beam in the farfield of the

primary reflector was investigated (Fig. 7). This parame-
ter was also controlled by requirements from the end-user,
placing a deviation limit from the nominal circular footprint
size. Assuming a circular footprint, this deviation can be
controlled using gain variations in the feedhorns. However,
due to none of the horns being in focus and hence not sym-
metric around the focal axis, it is to be expected that beam
deformation occurs.
The 89 and 325 GHz horns both show the by now familiar

effect of peak values near their closest proximity position.
The 183 GHz maximum circularity is also at the expected
position, but its behaviours across the positions is unex-
pected. One would have expected a drop-off similar to
89 GHz and not a cyclical behaviour.
Averages of each parameter are also plotted in the fig-

ures to gain an appreciation of how the system changes
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FIGURE 7. Circularity in mid band in the farfield of the primary reflector as a
function of focal point position.

as a whole as a function of cluster position. However, this
cannot be used as a direct criteria for system performance,
as certain frequency bands are more critical to the instru-
ment and thus their performance weighs more heavily in
consideration. On balance, the first sweep position was con-
sidered the most suitable since it delivers peak performance
for the 183 GHz band, with minor degradation to no varia-
tion in 89 and 325 GHz. Its clear downside is the degraded
performance in the 54 GHz band. Nevertheless, the 54 GHz
performance was still acceptable and improving it is not
worth the sacrifices in the other bands.

C. FEEDCLUSTER OPTIMISATION ALONG FOCAL AXIS
When optimising the feedhorns, it became clear that forcing
a common phase center location in each horn, while max-
imising other performance criteria, was too restrictive. Hence
each horn as a different phase center location, along its axis
of symmetry inside the horn. In order to find the optimum
for the overall feedcluster, the 3dB contours of each horn
in the farfield of the reflector were calculated as a function
of distance to the primary reflector. The key performance
criteria is the circularity of these 3dB contours and can be
seen in Fig. 8. The dashed line shows the average circularity
of which the peak was chosen as the focal distance for the
instrument. The plot also illustrates how each horn shows
a wavelength dependent drop off. The width of the peak is
thinnest for 325 GHz and proceeds to get wider, as wave-
length increases to 54 GHz. The final focal distance chosen
was 159 mm, as it yielded the highest average circularity of
the beams. The circularity was calculated using [10]:

Circularity = 4 π · Area
Perimeter2

(0 < Circ < 1) (1)

where a perfect circle has a value of 1.

III. PRIMARY REFLECTOR
The main design challenge for the primary reflector is the
large offset of the 54 GHz horn from the reflector focal point.
While the gain of the 54 GHz feedhorn is matched to the

FIGURE 8. Farfield beam circularity as a function of distance between reflector and
feedcluster.

reflector diameter of 160mm, the offset causes the feedhorn
pattern to under-illuminate one side of the reflector and to
spill past the reflector on the other side. An additional effect
occurs due to the rotation of the primary reflector. As the
feedhorn is offset from the axis of rotation of the reflector
(its focal axis), it will lead to changes in the amount of
spillover as a function of the scan angle. This occurs due
to the rim of the mirror moving in the field of view of
the feedhorn. If the spillover intensity varies between the
calibration measurement and the earth measurement, it will
produce a bias on the calibrated measurement.
The most straightforward solution would be to change the

feedhorn gain to underilluminate the reflector as a whole,
reducing the change in spillover due to any potential offsets.
But this is not possible due to the beam footprint require-
ments. A second option would be to move the feedhorn
closer to the primary reflector without changing its gain.
While this is an option for the 54 GHz in isolation, when
considering the other three feedhorns in the cluster this stops
being feasible. Due to the tight packing of the horns, moving
the 54 GHz horn would result in it interfering with the beams
of the other horns. Consequently, the remaining option is to
change the size and design of the primary reflector. While
drastically increasing the size of the reflector would reduce
the aforementioned issues, it is not a viable option due to
mass restrictions on the spaceborne instrument. However, the
rim offset of the reflector is an open parameter to change
which does not adversely affect performance or other instru-
ment requirements. Fig. 9 shows changes in spillover for one
feedhorn over a 270◦ scan arc. Each blue plot corresponds to
a specific rim offset and the red plot is the “ideal” rimshift
based on the smallest standard deviation in spillover across
the scan arc.
However, Fig. 9 is only useful for minimising the overall

fraction of the beam power not hitting the reflector. It does
not take into account where this spillover occurs around the
reflector. Its the multiplication of the fraction of beam power
(F) with the integrated intensity (I) of the area illuminated
by the spillover that produces the error in the measurement
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FIGURE 9. Spillover energy of 54 GHz horn hitting reflector across scan range as a
function of rimsweep. Legend details spillover standard deviation for each rim
position.

due to spillover. In equation 2, the subscript “mb” refers to
the mainbeam and “i” to any arbitrary area in view of the
spillover, e.g., structural elements of the satellite:

Itotal = Fmb · Imb +
∑

i=1

Fi · Ii (2)

Therefore it is possible for significant differences in
spillover intensity to occur if the spillover views deep space
(≈ 3K) for one scan angle and earth (≈ 300K) for another.
Fig. 10 shows the total power farfield of the primary reflector
for one frequency band and scan angle with specific regions
of interest highlighted. As the GRASP output is saved in
an Azimuth over Elevation grid where the z-axis is in line
with (0,0) with poles at ±90◦, each elements power value
is normalised to the full sphere power 4pi:

Pnormalised = Pelement · cos(φ) · dφ · dθ (3)

where φ is the elevation angle which circles the pole and
dφ, dθ are the grid element sizes.
By integrating the energy fraction inside the regions of

interest, the spillover can be further broken down by spe-
cific regions of interest. There is uncertainty in this approach,
since the instrument’s structure defining the outline of the
spaceview are in the nearfield of the primary reflector. As
a quality check to this approach, the sum of all the regions
of interest was compared to the overall spillover of the pri-
mary reflector as reported by GRASP. The biggest difference
across all tested bands and scan angles was: 0.2%. Detecting
and mitigating significant spillover contributions from an
earth view was the main objective, due to the earth’s wide
range of brightness temperatures in the atmosphere (54, 183
and 325 GHz) and also on ground (89 GHz) [11]. These
variations could introduce a bias in the measurement which
will depend on the instruments location above ground and
the scan position of the primary reflector. This method was
followed for the 54, 89 and 183 GHz band and for several
scan angles (0, 66, 90, 180, 294). Since the overall spillover
in the 325 GHz band is significantly lower (≈0.3%) than

FIGURE 10. 54 GHz farfield from primary reflector highlighting different key features
in the farfield. Origin corresponds to the flight direction of the satellite. Beam shown
in nadir scan position.

FIGURE 11. Spillover energy distribution for a scan angle of 180 degrees - OBCT
facing. White gap between stacked bars due to mismatch of farfield integration and
GRASP spillover.

for the other bands it was not considered to avoid tripling
the simulation time per scan angle. The analysis showed a
large spillover lobe which moved as a function of scan angle
and was in view of earth. To mitigate this, the instrument
design was modified to include an absorber plate behind the
primary reflector which was shaped to capture this spillover
lobe (marked in yellow in Fig. 10). When considering this
addition, a plot summarising all spillover contributions for
a given scan angle can be produced (Fig. 11).
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FIGURE 12. −3, −6, −10, −20 dB beam contours projected on OBCT aperture for
175, 180 and 185◦ scan angle (left to right).

IV. CALIBRATION REFLECTOR
The calibration reflector is a static off-axis parabolic reflec-
tor used to focus the antenna beams on the aperture of
the OBCT. As the calibration reflector had to be mounted
between the two main structural elements of the instrument,
it was restricted in size and position. Simultaneously, it
needed to cover a 10◦ arc of the scan range of the pri-
mary reflector. By placing it close to the primary reflector
and using a super elliptical rim shape, its overall size is
reduced.
The second parameter governing its size is the focal dis-

tance which is driven by the distance of the OBCT aperture
to the reflector. A smaller focal distance requires a greater
curvature of the reflector, resulting in more mass. The dis-
tance of the OBCT aperture in turn is driven by the wedge
opening angle which is fixed at 12◦ for performance [12].
A larger aperture requires a deeper wedge, which decreases
the distance between the reflector and aperture. To find the
smallest possible wedge aperture, beam contours are plotted
on a planar grid located at the focal distance of the reflector
(see Fig. 12). By iterating through this process, an aperture
can then be chosen that captures each beam across a 10◦
scanning arc. The width of the arc, rather than its absolute
position in the scan cycle (Fig. 3) is important. Although
the 54 GHz band is close to the edge of the aperture at
a scan angle of 185◦, measurements can be taken prior to
175◦, where it is better captured by the aperture. However,
the 54 GHz band is still the size driver, as for all other
optical components. To determine the aperture spillover for
each scan position it was modelled as a surface in GRASP.
Along with the calibration reflector spillover, it was added
to the stacked bar chart of spillover sources to form a com-
plete picture of spillover sources (Fig. 11). The figure shows
a slightly higher spillover for the calibration reflector (M2)
and the OBCT aperture for the 54 GHz compared to the
other bands.

FIGURE 13. −3, −6, −10, −20 dB Contours of co-polar farfield AWS beams relative
to the pointing vector of the primary reflector for a scan angle of 294◦ .

V. FARFIELD PERFORMANCE
Taking into account the optimisation detailed in the previous
sections, Fig. 13 shows the co-polar farfield beams for each
band, relative to the pointing vector of the primary reflec-
tor (plot origin). A beam sitting in the focal point of the
primary reflector would have its beam center on the ori-
gin. However, due each beam’s offset from the focal point,
they are diverging in the farfield. The angular distance from
the origin in the farfield is directly related to the offset of
the horn in the feedcluster (Fig. 4). Thus, the 54GHz is the
furthest away from the origin. However, this relative offset
position is scan angle dependent. The dashed line plots the
movement of the corresponding beam center as a function of
scan angle from 270◦ to 90◦ encompassing the relevant scan
angles for earth scanning and cold sky measurements. The
beam movement is circular with a fixed radius around the
pointing vector. This scan angle dependent movement needs
to be accounted for when geo-locating the individual beams,
but is fully characterised from the GRASP simulations. It is
also evident in Fig. 12 over the 10◦ arc and accounted for
in the OBCT aperture sizing.
The beam contours also exhibit a variation as a function

of scan angle. This farfield variation increases with horn
offset from the focal point of the reflector. When defin-
ing the mainbeam contour, one needs to consider both the
fundamental ellipticity of the farfield beam and its variation.
While determining the actual beam contour for each channel
for each scan angle is possible, this is computationally too
expensive for operational processing. Instead, an ellipse is
fitted to the −3dB mid band contour of each horn and scaled
up by a factor of 2.5. In post processing the length of the
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FIGURE 14. −3, −20 dB co-polar beam contours vs fitted mainbeam ellipse for a
scan angle of 0◦ (nadir). Solid lines are simulated contours. Dashed lines are elliptical
approximations. Dotted and dash-dotted lines are minor and major axes of the
ellipses. Boxes mark the center of the ellipse and crosses the peak gain of the
simulated contour.

semi-major and semi-minor axes of the fitted ellipse along
with their scan angle dependent orientation to the origin can
then be used to define a mainbeam. Fig. 14 demonstrates this
approach for a nadir (0◦) scan angle. It also serves as an
example of the scan dependent variations when comparing
the contours to Fig. 13.
Two mainbeam efficiency definitions were considered

during the design of the optics, both using the ellipti-
cal approximation of the mainbeam, but differing in the
definition of the total power used:

mbe = Pellipse
Pfarfield

(4)

mbe = Pellipse
4 · π

(5)

Using (4), only the total power in the simulated farfield
(30◦ x 30◦ grid) is considered and assumed to be 100%.
Since AWS is calibrated via the main reflector, this definition
is justified, if the spillover is constant for all scan angles
and therefore does not affect calibration. However, (5) is
required when spillover of the reflector and far sidelobes
should be considered, which scales the mainbeam power by
the total power radiated from the feedhorn.
While the ellipticity of the beams is a natural consequence

of the instrument design, trade-off decisions were made to
increase circularity for one band at the sacrifice of another.
Evaluation of trade-offs is driven by the mission requirement
on footprint size and allowable deviation. Fig. 15 shows the
−3dB contours projected on ground in nadir in compari-
son to the maximum footprint size defined in the mission

FIGURE 15. Full width half maximum footprints of actual AWS beams projected on
ground vs maximum footprint requirements for nadir scan angle.

requirements. Each nominal maximum radius is given with a
tolerance of ±25%. While the overall footprint size is driven
by the horn and primary reflector, the ellipticity induced by
the optics on the footprint may not infringe on these limits.
Table 1 shows a summary of the farfield performance for
all simulated frequencies.

VI. SUMMARY
The AWS mission is a prototype for the EPS-Sterna constel-
lation consisting of a constellation of six satellites on two
sun-synchronous orbital planes, which will improve global
NWP in combination with the existing Met-OP and NOAA
programmes. Furthermore it will increase the frequency of
measurements in the high latitudes and achieve operational
nowcasting capability in the arctic region. Each satellite will
carry a single identical payload; A four band (54, 89, 183,
325 GHz) radiometer built by AAC Omnisys. Due to the
large number of radiometers that are required for this mis-
sion they need to be smaller and less complex than previous
operational radiometers (MWS, ATMS), but achieve similar
performance. The AWS radiometer achieves this by using a
feedcluster in a splitblock directly illuminating the primary
(scanning) reflector, foregoing the need for other optical
elements for beam co-alignment. The feedcluster contains
four smooth-walled spline horns. As no horn is in focus of
the primary reflector, this design decision results in asym-
metries and scan angle dependent performance variations.
Using the GRASP and CHAMP software from TICRA, the
quasi-optics of the radiometer were simulated and optimised.
Performance trade-offs were made during optimisation of the
feedcluster configuration and positioning, maximising beam
circularity and gain. The primary and calibration reflectors
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TABLE 1. Performance summary in nadir for all simulated frequencies. Beam
centers stated relative to pointing of primary reflector. Footprints stated as minor and
major radius of ellipse. Mainbeam efficiencies stated for equation (4) without brackets
and equation (5) in brackets.

were optimised to minimise overall spillover and its scan
angle dependency. Farfield beam divergence, beam shape,
beam pointing and their scan angle dependency was also sim-
ulated. Furthermore, a simple method of mainbeam definition
for the elliptical beamshapes was detailed.
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